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| NTEGRATED THIN FI LM CAPACI TOR W TH OPTI M ZED

TEMPERATURE CHARACTERI STI C FI ELD [0001] G rcuit
watoosataes and passive devi ces. BACKGROUND [ OBORS1006/012587

is desirable to provide decoupling capacitance in a

close proximty to an integrated circuit chip or die.

The need for | i he

SWi t chi %@Eejﬁﬁ%ﬁmjﬁﬁéﬁﬁgmﬁ?écmﬁ or

di es be ORYMUZEDTREMPERATHERE GHARAGTEfRISTIGber

of passive conponents for high density integrated

i‘i rcuit chips or dies, the resultant increasing
FIELD, ¢y t density of printed wiring boards (PWB), and a

trend to higher frequencies in the nulti-gigaHertz
[0001 ANIECRESL #RAFed IRl fadGilOHSi&RMDI Ni ng to increase

pressure on passive conmponents surface-nmounted on

ackage substrates or PWBs. By incorporating enbedded
BA@ES&R UNdbrponents (e.g., capacitors, resistors,

i nductors) into the package substrate or PWB, inproved

Cf oLt _ SR L .

00030 P RS FapE b8 de et Atk oo B B R PGy to oo
integrated eiresto ohip@n diep dlirineed furvpdneaphcitanceigreases asith¢ switching
speedélglgtlg%}q?rgm-% l.cal %a(téf%lillgt{agfla?i d%,g li)ﬁ%ﬂwt bjgl%qg %&g?ﬁedneed for a high
nunibkd é@éi@@&&ﬂlﬁ(ﬁféﬁﬁ%@ﬂgh (B G- @BIBHGit RAME RE dies, the

conposites or high-k ceram c”powder and gl ass povvd’er )
resultandtiveressingeisuijeivesityl ofprinted wehgthoards (BPADi amha wend to higher

Sreafieres i AR P e B SR PP R e e il norease
presk@8@hlpabend srffone RS ROF R -meRdcBEY W@?@@b@fmtes or PWBs. By

~enbodinments will become nore thoroughly apparent from

incorprsating ¢robiddgd nessticlcompapents (e i GFRACINHD derdderscingpsigrs) into the
and acconmpany Ao: draw nas.i.n. whi £h: Bl Fi guir .

poc B RSO BBl By ARl S i, an

low&doetiafiatachieved.chi p or die
package”i t abl ej b_ono. unti ng
>n. a-printed-cieuitor-Lvimg”boar d[ 0006]. Fi gur.e

X . :
[0003} o\\s CaPASHAS S g Y FHnay RaTAIS © ogentyn &H%Bﬁalrctuﬁtéiemgns.
TypRAFKARFRUBSIiBbR Hbelld@itapaditor 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/cm’.

BRIEF DESCRIPTION OF THE DRAWINGS

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

accompanying drawings in which:

[0005] Figure 1 shows a cross-sectional schematic side view of an embodiment of a

chip or die package suitable for mounting on a printed-citcuit-or-wiring-board=
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[0007] Figure 3 describes a process flow for formng a
capacitor. [0008] Figure 4 shows a schematic side view
wobooa/1id4nst conduct or sheet having a di el ectriBCT/US2006/012587

material having a first tenperature characteristic

deposited thereon. [0009] Figure 5 shows the structure

Fi ' i-an: af -

00081, BFe 45y YoRfcklthal SRS vidy SR Mkage substate
of Fipmrddct or. [0010] Figure 6 shows the structure of

Figure 5 following the formation of a different

condugti ve terial on exposed_.surfaces of the first
100025 i IEHF 3 AEPEBECHBROLEH AlRct KF OIPBRA L FARCH @ 7 shows

a schematic side view of a first conductor sheet

[0008RVi NBigaréli Sh&ed & bcheMBtiSiakichat dBrsBediRGO0e sheet having a
tenperature characteristic deposited thereon. [0012]

dielqutgeimatesiaklpying & fiest tenngoature sharpeterigfin deppsitag thergphg t he
formation of a second conduct or on the dieleptric
o00be < FRARPS At g RTS8 NOBARAEL FERAUER oo sccond

condwetor@hithddiefecRicdafdr @pporite tionfirsctondactont eri al on
exposed surfaces of the first conductor and second

conductor. [0014] Fi .sh - ti. .
001§ph erieREs € b e et of disiige follpSineie KA G b diferent

condifelife RSl 8t SxpistdisRfadld dahdififst Bdndub@WhRd Secdpd chhtRictor.
structure of Figure 7 connected to opposite sides

t hereof. [0015] Figure 11 describes a second process

[0011] ow Pigntoy shavgs aschapat¢ side viepoorefirsteqpdneton sheshaninga
B R LR S R R

cross-sectional schematic side view of a first
[001g2)ondUEigare 8 sowigthe BRuaecafiFigwedeioliswargttheforkiagion ef 4 Becond

connected to one side thereof. [0018J Fi gure 14 shows
condugtor onthe diglestrisrlaysr gppesite 4hq Hrst eRAMEIOF-he i nt r oduct i on

of a second ceramc material in the opening fornmed in

[OOIES&F e fifodte 6SAAR the TBEGHIAE l[FQQill%]S fuewiR the RN F)P g different

ructure of Figure 14 follow ng the connection o

condietivathatwiatioc exposedsurfasetivfdhe Gtst cenduatos and sepopd sonductor.
ceramic materials) opposite the first conductor.

ook RO PR BB T B B b o

inclitBh£4 cade sOPstRXPRERE sEUEhRCETiShretdand the strugoRGITligire 7
and the second
connected to opposite sides thereof.

[0015] Figure 11 describes a second process flow performing a capacitor.

[0016] Figure 12 shows a schematic top view of a ceramic green sheet having an

opening formed therein.

[0017] Figure 13 shows a cross-sectional schematic side view of a first conductor

having the ceramic green sheet of Figure 12 connected to one side thereof.

[0018] Figure 14 shows the structure of Figure 13 following the introduction of a

second ceramic material in the opening formed in the first ceramic material.
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conductor. [0021] Figure 17 shows a package substrate
including a core and the structure of Figure 16
weowphewtito a die side of the core. [0022] Fi geeEULB06/012587
shows a schematic top view of a package substrate
havi ng capacitors fornmed of dielectric material with
ff IR s f
(0018 ¢ Ike 15 FRAFhebEuda opfigyr TN BRI otnection ofa
second@2dduckorgo ithee di@leslho\lwea(domp@mte:matumtmateadd) @pesitoibd first
onduct or each having opening forned through a
<mn§ f¥ness thereof. [0025] Figure 21 shows the first
conductor and second conductor of Figure 20 having a

[oo20pef fFi‘g'u?@M o8k BRbct@% RAFSRE 16G3 ) wiktedinA@duction of a
mat eri al disposed in the openings. [0026] Figure 22

diffeyprondunsive inraserial on grRased surfabes et b diry cradusterrangfthe second
concﬁ*c%%r e 21 connected to and di sposed on opposite sides
a ceramic material. DETAI LED DESCRI PTI ON [ 0027]
Figure 1 shows a cross-sectional side view of an
[0021nt egFiguee 1T shicons & paohageqdstidtainchaiing e cqbyad dad dipctunelof
electrically connected to a printed wiring board or
F‘g‘HrellﬁtC@HP]@Flrt%ﬁ:idte P ‘i’f&g‘i PER) to forman electronic
assenbly. The el ectronic assenbly can be part of an
[002?] eCl FparE18 Xl%v@é'ﬁ SHEMaStod \&&VBP& Eﬁck(age SubstrRI4VRR capacitors
aptop, hand-held, server, "etc.), ess
fom@edmﬁsﬂml@qm owtediel with d(féergnt teropttrlatmrearatlpgone cordl ess
phone, pager, etc.), conputer-related periphera
o C
0023 & Fighkh £ oG REERRG i BT AP pRp B Bcapasivos o1 co,
tape and conpact disc player, vi deocassette recorder,
[0024P3 ( MBigued 2Pkladvy £fifsk paidustofmdip secAtd canduatoe ead) havmg opening
pl.a etc adthellke Figure 1 illustrates the
fon%@fvgwghgg lﬁgﬁ‘ﬁs re9f.deskt op conputer. [0028] Figure 1
shows el ectronic assenbly 100 including die 110
[002B)Y ST Biguky Zf%v@ the 'ﬁ[rét eahdubtdr NI 8&dosd cBﬁd&ﬁﬁlﬁ@@?gure 20 having -
substrate 101. Die I's an integrated circuit
a cosfiictentof thepnal @&gmrondiC&E)Ehaédtmg onlerigbdispesed pmthqtc@emngs
(e.g., contact pads on a surface of die 110) are

02 Py 2 BV B ORl R ud achob Rl Y R st

comfd@faa&sbn@ﬂi@pésrea@mpgﬁﬁmtﬂey ofQQefamiPmiaitii@ll Ccircuit
board 130, such as a notherboard or other circuit

boar d.

DETAILED DESCRIPTION

[0027] 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
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
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[0029] In one enbodi nent, package substrate 101

i ncl udes one or nore capacitor structures. Referring
WO eoobilgane 1, package substrate 101 includes CREEUS1006/012587

structure 140 and capacitor structure 150 enbedded

therein. Capacitor structure 140 and capacitor

c t i eSO frj

e R R e R
illusgates tteupackdgeGis pact of aglaghitopeonBenay be st acked one on

top of the other. [0030] In one enbodi nent, core

o025} 7 G £t Bei PR TR i i ogfgRRaty anc

elec&Rbll¥ BoicereRt®Packife Sube@at i1gUr Bid DIV @Y iltegrarideiteid diedsuch
as an integrated thin filmcapacitor (i TFC) system

as a prRseesor fis. dlgrdideal epttagt Potnieed, qontastpadsen 4 wrlgce pedie 110) are

confARO95, BRI 804 R SESTRLE 30 e

ween e substr
subs@deer 10y iy eysrd itd osnnsti diedttoniz akdbnbly 160 kepiintad baydt board 130,
175 (e.qg., silica-filled epoxy). Underlying capacitor
suchggsa iptherboauoriadhes gHewf Beprflayer 185. Overlyi ng
adhesion |ayer 175 is build-up layer 176. Underlying
(00280 hesinQeleditRlin e, Sﬂ_a%k isligkstrale 1 AYiBEIudEEoncAR S @Bpacitor

['ayer 175 and adhesion 1ayer 185 act as adhesi on
strudterper Befeoringio Rigard 1;ipackagn dubstrdter 10)tiingjudasi daplaqitor ktayaturs 140

176 and, 186 t] . .Each buil d- I .
and e et i L RESE sty Copsbit il AT pd papacitor
strudtiRNSDakd &hneétes Wé%ﬁbit@ﬁhé‘stéf cBRS iBSthatél i1 60, LikOarkiebr

package substrate 101, and package substrate 101 and

embpdintend ¢apgcitenstrudiisarl 40 apdeanaeiégrdoPine Be swked ppe eafapyof the
othe ol der resist as a top layer. The regi on nade up of

‘he conbi nation of |ayers, 185, 150, 160, 140 and 175,

is referred to herein as functional core 120. [0031]

(0038 gurla cheshibodinenpgné fibstate il 60visodn @gqdce coersudi as an epoxy

s T S B e on ey
t ' f
R e T et o

is(arepintegtBe] indithe maskageghbstmte iather thasj fof exayeple.sqmonierpasad
she

Il 165 uch as a siljcaparticle fi.]le OXVon : .
betvieg o eand PR RRe Fulials i Garios FEaTH Wpds adhesion
layeB | PE(e., SilMdaCfiBoiPSHokY. CUARPly LR dapikifor dRu@breVis0Ladhesion layer

Capacitor structure 140 includes first conductor 210
185.pPusulying adlgsioprlayer 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 underlying build-up layers 176 and 186, respectively. Each build-up
layer includes traces (e.g., copper traces) for lateral translation of contact points between
die 110 and package substrate 101, and package substrate 101 and printed circuit board
130, respectively and typically solder resist as a top layer. The region made up of the
combination of layers, 185, 150, 160, 140 and 175, is referred to herein as functional core

120.

[0031] Figure 2 shows a magnified view of a portion of functional core 120.
Functional core 120 includes core substrate 1.60-having-a-thickness;-in-one-embodiment,

on the order of 200 microns (um) to 700 pm. In another embodiment, core substrate 160

4



10

15

20

25

30

substrate 160 and second conductor 230. D sposed
between first conductor 210 and second conductor 230
WO goodited4ectri c material 220. Capacitor struct uPET/LSD06/612587
connected to an opposite side of core substrate 160 (a
bottom side as viewed) and has a simlar configuration
has £thi bse(l)ﬁﬁ'fe h‘fer '5??26(5 L to@'()@?t 5 e (Qx%teﬁ%ﬁlrﬁé’iﬁ core substrate 160
conductors. Overlying capacitor structure 140" and
includep @ofet 12, suchias tuglass-Iher winfbread epavyabndshed 163 oSu(chras a silica-
sid osite sides facing core substrate 160) is
pm“ﬁ%%ﬁﬁ%igﬂgﬁﬁyer 175 and adhesi on | ayer 185,
respectively, made of, for exanple, an organic
[0030Pt er CapacabestRRMirs 94@lsrc@ﬁﬁe%$&nb @k ¥Rle ol b@ﬂé@ﬁﬁﬁra@@l@d" top
order of 10 mcrons (mM to 50 nm Build | ayer 17
sidegf giasad).dCappcitaysrucime 149 inclugas Brsi copsiyctpr BEO gepaspktegore
subs]%ltet fb%sa%dasg&%%] c%gdﬁét? 430, D‘\I'g‘pao%é’é & w% r?ié%t c{uﬂﬁxtcl%‘x‘ bh 8t
ayer races and con

secdﬁd@bﬁ@la’c@%l@ag dichhRtmatkalt220a C@bacﬁtoﬁ Strﬁbt@rearjd i$ cormected to
printed circuit_ board, respectively, Pf? sol der resi st
an OBEO%tetSEﬂS qf g9esrsubstnie é?o (arb%fﬁ@ Hdwaviped) andibag g similar
conﬁi%tﬂgﬂr&xt &Ha c%é]gcﬁ"l‘a ‘i*na% 8&&%&:&&5 J% %oﬁéuc‘%&@ a@vk{?&mg
ucture are e caIIy conductive nate
capaSitbt sthicarerdd @ amchd:eqaacmlstrdemreblﬂo cfrfenatiohall done 1 2H(dncidea

k | di .
oppghiEiskice FeutarbrTaaB00) & “dhesthraAres THadeH PaReIn ey 155
respé&iv%h} YrﬁJdB oh'fgf‘e}glhﬁh@ %hrokganﬁ,orﬁ%ﬁﬁ‘ltanﬁmagﬂl k) represdritailee

mat eri al s di el ectric material 220 incfude, but are
thickrgss on thetc&diertozf 10 maictons(h) torfek ;gn( B@ﬂd@@)laydyslﬂ 6@ build-up

1ayef’ ﬁ é;ﬁ%#‘%ﬁ]t‘% %gg bee cﬁet %&gﬁ rq thesg %ySt r s nio%ltﬂ:rgl1 above, the
buil§-ap asietPma d§ Irfcliﬁieltfa@es]élﬂ doRfaktistasts té é&he@ﬂﬁ@ld@ge%bé’cﬂéﬂe toa

and_second conductor 220 having a thjckness on the
chipr glé ansk to 2prinied @romd beprd, sspecdivelyeend soddaraesistiaap taplgyer.

of a high-k ceramic material of a thickness on the

der
[00391;1 Ifocfne]erx{:@ ngé%tg@]ss du%tgl; felﬂfi ef‘ﬁ{%‘%ghe nglt %36 @ﬁ:%pamtor
stru@tsreslmm alraelettucaiiaypamdua[vesmatamlu Seitds1e mefBSihclude, the are not
|nen of functiona ore 0 shown Figure.2, .

hml@?ﬁ% g1 oF b gt el Oéva?r}ta%fgctélﬁ Jgfrid 220 is 2

ﬁﬁ‘& 1 R ial
o T S, 0 S S

for dlels@rlc mqimal BL@ ingludenbtere motdinutedgo dumisigi tignatp €BatiCoh sbarlum

funct, core, 1 ed. For
strofntlaftel 1 5" El) SR S e B e S0 o 590 i s a
ni ckel material. To render functional core 120
[oo3uy ansmarr@retnuoauﬁah SREMERE SRS IS0 MECTERS TRt 0AGudsr 210 and

conpati bl e
second conductor 220 havmg a thickness on the order of 20 um to 50 pm, and dielectric

material 220 of a high-k ceramic material of a thickness on the order of 1um to 3 pm and,
in another embodiment, less than 1 pm. Capacitor structure 150, in one embodiment, is

similar to capacitor structure 140.

[0035] In the embodiment of functional core 120 shown in Figure 2, capacitor
structure 140 includes overlayer 240 on second conductor 230. Overlayer 240 is an
optional electrically conductive.layerthat-may-be-used-irran-instance-where second”

conductor 230 is a material that may not be compatible or may be less compatible with

5
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materials to which functional core 120 may be exposed,
overlayer 240 is a copper material. Representatively,
wo@chapser 240, if present, may have a thi ckneBeT/OR20061€12587
order of a few mcrons. [0036] Figure 2 shows a nunber
of conductive vias extending through functional core
mat s 3R g UL A IR D By 130 moy b cxpoipd. For
exanpla, ﬁ’lﬁﬁle&hﬁ)oéimﬂ rsecald oonduricit@Y0i iv e nlmbhmamml (‘Bo pnder
copper or.silver) of suitable polarity to be conn ed.
ron O ey g e e s ol S Be0 e SONERRIE S
mat%ihﬁ.%%‘h&? RGAEEAM %of‘éul% rﬁ@b/ R exbésed BvGRIFEAS40 i@%%pﬁ’&
Figure 1). his mannér, conductive Vi a
mat@&0. Represoratively, oeeﬂayar %lea)rmnu mayrmg b tiviakzss owthe order of
P structure 140, core substrate 160, and capacitor
a Y MG % e 150. Conductive vias 250 and 260 nay be
i nsul ated, where desired, from portions of capacitor

[0038] I UCKigiie 3 4By a BARABE dfRbndictivie Vidk extthdinp yhidliglefi@stional core
270 of a dielectric material. [0037] Figure 3 presents

120 getyresn suacea80fapd mumierea 980 Btep@ﬁelﬁ#twhpaewa@évg Wigsto0nd
condldlg;kfé'g a%oaaré:QIE 1§§d ddnh&ivi Qel"i‘acls geo%tlc{ct%gls&r SQfV@ 18 Quitable

acitor ures, suc as ¢ r struc ure
polai:@toalmbomaaaai toqrom ot gtouneé cdiifict pomtmﬁme i1 @ (sg.dthsough

ubstrate Speci fi ca resent
con%waa% winp Jgyer é%?ﬁwnéa%bgffc{s 1%?{1%0%%8&5@@) Spiis s,
conclﬂﬁ\’l\f@gl ?@%ﬁﬂ%@ﬁ&c%& Biadichfe ﬁfe@ﬂtthr‘aﬁéﬁ"gﬂ citstlub@ke 140, core

sel ecte i n one enbodi nent ased he terrperature
substiater Bt end mmtmsthrecleiOaRDndumufe viaal250 And a@p@amiay be insulated,

structure, such as.c r str ture 140 and/ or
whefe desipd. For PPTOPS PECABR Grsusite 10 Al omiFHOF RBfFIe 150 by
Slee%pg@q;fglcyelggﬂa%g@mto core substrate 160. Figures

-9 show formati on processes in connection with

ortlons of the process flow described in Figure
[003yb038¥1gune 3 pecsentd 8 dronss for fupng & pe1sioROL ama@?@ge ﬁ@?Stf@E»‘e

inctidlnga S3RUFhABN SEBUS bl Ak ABRRRLAAL: SEaRhs, such o

CterIStIC

capaeitar @nicaire $40 asd wpacﬁt&?atrgﬁtafcﬂﬁObyn bpgoskt eictes ofihe Sore substrate.

I.ndustries Association (ELA). For class I] and cl ags
Spegifigally, Er@{fﬁ|3|Rggsemsmra%ﬁ%&r%qWIH&smoﬂmﬂ@fmcg%?) Stake
havﬁl% céﬁacﬁxmlth Hl@fék&xﬂ:&%mﬁ%&tﬂeﬁ‘é‘ﬁ Eelbdtd, tin Bfie &Bodiment, based on

I'ng tenperature range, e second I ndicates the
the bampelrature charagéristiveof dieccathicgnatenae nAactapaetoratrgam@ ﬁubh as
e third testh Xi mu apacji t ance.ch e

capagfiPEABiTHGE A0 HET BRI L el D ATECS BRGES S AR ggmerately
conRRIAIH b1V ALAE $60. OFighl- &39 bhovr Pitnfatid® prdckdses in connection

with portions of the process flow described in Figure 3.

[0038] In one embodiment, ceramic formulations for use in a capacitor structure have
a generally stable temperature characteristic. Temperature characteristics are designated
by the Electronics Industries Association (EIA). For class II and class III dielectrics
(including X7R, X5R, ZFU and Y5V), the first symbol indicates the lower limit of the
operating temperature range, the second indicates the upper limit of the operating

temperature range, and the third indicates the maximum capacitance change allowed over _
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[ 0039]

shows structure 425 of a first conductor
possi bl y havi pgI/@iS2006/012587
paste on a surface of first conductor

wez@anieil a ni ckel

| ayer

410 (a top surface as viewed).
the B4z @RDEGARE renad“KEATS
dielbatyies arbashover in Totde tnder | yi ng ni cke

of ni ckel

sheet

or foil

provi
foil

Figure 4
410 of,

I n one enbodi nent,
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'l be

[0038hc k aliguzed shows sirughue 623 hia Gegp aeidustor $1 0 of tfor exammje, lanickel

e SRS

h
1

te
8

08T e e o

eat

¥ |°

t han

t ﬁanqut%or 410 (a

top Slefos ki vieted). 1a oae eam)@mimt Qriéde] pastSRAPRA GRS potvder (e.g.,

is dep

osite

on the ceramc rraterlal

(bl ock 320).

bamnmgmr@t@ adeligians i qrden ta providmansadiiesian laver betvgen teanderying
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eet

(5] SLbOl’l-tg CEJ

APPSR R

sl

exanp

ﬁ% bth%r emyerature

approprimi dethe pp;sltcaflom)l’r}echIﬁlb gf&ﬁ Rhedi bk&le dntbddifSit, & Sirst conductor
e\/\ﬁ ﬁf structure 425 in order
Pl

410?3’%8%%%9?

t1tan§te§ h&c‘ﬁho&s"iﬂ%‘&&% fH'deeVHnla{

have C ramc po

n top
Db errea

gS Vi

regerqngic HAY dgiiS e
V\gpg rﬂ"%Ctﬁe 9<§onb gr%

begigm
@fﬁﬁsﬁghe&;er ing

mtitanate

X7Ra@aj iXt78m1rsany nther thenperaiuprappropeiafoaiiibh @epplovatibn) ¢enamic green

sheet.

[0040]

Figure 4 shows structure 425 of ceramic layer 420 of an X7R (or X7S or any

other temperature appropriate for the application) ceramic green sheet deposited on first

conductor 410 (block 310). Ceramic layer 420 or green sheet, in one embodiment, is

laminated on an underlying nickel paste layer. In one embodiment, a X7R dielectric is

selected having an operating temperature range of -55°C to +125°C rating and a dielectric
constant, k, on the order of 3,000. This material may be selected because it has a generally

stable-temperature-characteristic™(Crosm temperature T10-15%). One reason for the selection of
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underlying X7R (or X7S or any other tenperature
appropriate for the application) ceram c green sheet.
wo pooene4enbodi ment, foll owi ng | am nation, strurPtT/US2048612587
is thermally treated to burn-off organic contents.
Representatively, a thermal treatnent would involve a
o XECHRRERR S B 8o Hohe BHHE eyl ok ion on p dc
side bf @ pﬁcfkage sitetrhiewirege theeapasitonitineiire nag bdiegpesetine bigh
mat er i betvveeg@ Hg&@ or materials, the conposite
temperaivies (& Beaky Ba ty heat-treat ed in a reduci ng
at nosphere in order to density (e.g., reduce the

[004§]urf FeFePNS 1O Yigirk 3t ﬂﬂlo@ﬁﬁ‘é‘!ﬁe%@ ftichnet arﬁeﬁé?ﬁﬂc RASHA, a second
["ayers si rrultaneousfy ( ce the heat

condupmuﬂ‘@lwsﬁﬁd qohp canmd mmetalmbm%aéflom Flgunaﬁ ghows structure 435

Slml%ﬂ}‘{)l%g“l@ re éﬁ% nﬁfﬁrlr%évgclggglg%%oglg é’ﬂ{ﬂ‘?%?to&g | | Wickel sheet or

foil) 30 hasihp, Uk X fnple Cholégﬂe}r df@ldkelpRpfonpad tHefemt rraekel f6ine30 is
met hod of Figure 3 provides, as _an gptional operation,

lamingiad op tep @F Visater) of stk hos Bcprdente deren siructyre 48 insFigure 5.
In orge f{}gﬁ’or i E*, ta€ s{t%&n 9'35’0 Egtg I‘fij\i/agE r?gg\fr‘ Eﬁgﬁgﬁgﬁt,‘&lﬁl% il have

ceraﬁh&kﬂpowdar (g ebarigh mmlaab Bdthtmr[san Héder vhprogide\an adbexier to the
ayers hﬁve been dep gsmed on top and bqttom syrfaces

undeélrynsgt KURARH B g5any, QRgdemperaue a@aw&te oxflesr appligatify) ceramic
greeit? : ougjf# (ﬁ?é%b%% é}ftef ﬂS@ﬁ@ 151?&1121%151@ s‘ﬁﬂ@t&.@é@is RdHnally treated

ectrol es ep03|t|on by subsequent
to bm‘a—pxﬁ&mrgamn somtantsegpmsanmlvsm; f dmmakﬂreadmmtevmw mvolve a

e v o1 o By B & A anat bSiser braars 2865 ey

have a thickness on the order of a few m crons.

[004%) t erfatbiriiglagaindo FRAREGN, FAlRind Y fBendtionBEd dddlectric material
ep05|t| ng a c a%ger paste including copper particles

betwgpml cendyctor nipriate tharonpopidosiaioture gubsemanthnkeairiipalsd in a
redu?glgls %@gﬁe&q %? td @&sﬁg ?ég%ér A IceZ{rl]]S %ﬁ%fwv%qn%{%%trlﬁz&l eg'?éen sheet

quen processi

and gidkelpattolayety mﬁlﬂm&ooﬂy fblpeckae Cab dierlmbetremmeinds completed,
In the exanple ere first cong ctor 410 and

osed
the pradush oL B g iont 3o nath foF o kagee phskhapring Dyrgpses, and will
haveei( ¢iBntly &e )Q?Q%Smr@abl e to coat an exposed

ace irst or second conductor with a copper
rraterl al . [0045] Referring again to Figure 3, at the
[004$]ame Fallowingldao treatmenaﬁheaneﬁlhé of Bigte B provadess as rm:@pimal

o By BPFA o) HHEALE B P SSRRP LR ond
condglggoﬁ Qigeléfoﬁtewvmﬂa bigfeusi dlebichihe cdrdbfd RiteAhl (bhﬁkSaU)%‘ Figure
6 shows structure 445 where two copper layers have been deposited on top and bottom
surfaces of structure 445, respectively. Copper layer 440 and copper layer 450 are
deposited, in one embodiment, through electroless deposition followed by subsequent
depositions on respective surfaces of copper by electroplating to form copper layer 440
and copper layer 450. Copper layer 440 and copper layer 450 may have a thickness on the
order of a few microns. Alternatively, a copper layer may be formed by depositing a

copper paste including copper particles and sintering the paste.
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substrate. The second capacitor structure, however,
may use a dielectric material (e.g., a ceramc
wordosni@) having a | ess stable tenperature  PCT/US2006/012587
characteristic than the dielectric material used in
the formation of structure 445. In one enbodi nent, a
i el | I : I L& tt
10048}, o SS0EF oPROE T v Sirftt RERafs, B8 Bpd AOPRAEHS Bansparent o
subsBgieat piodessing opehitiend to which tie ephntir sendturear supiatldge substrate
dielectric material is a_Y5V dje|]ectyric, havi a
may e F5RPKAu Jrzethemwa{edvh@% St Py dugion &1 AR SECPE Feiptog 430 are

a nidkB'BhRRAL P etxgﬁ 15 ﬂ‘?ﬁaﬁe RRRMle £PeddPOn exposed surface of the first or
epresentative $ a capacitor structure formed with a

secod8 Youduetarotithi £ coppeemateriabhmy be pl aced opposite the die
side of a package substrate. [0046] I n one enbodi nent

f f I Nng a capagi.tor .St t . th ' .
10043} o R T echedEP iRt & Al PEPupE S BytBiadk L0 fyrmation of
strud@reflaak|(@ved capucioratuchee)) a sedodidichpaitonsthichat negridiformed.

mat eri al "having a representative thickness on the
The geaver capacsengrusturpinonkhie ussd e formation ob the sage Pa_ckage
e e e S
ceraffii€ fraterial) Haeihg adedsaitdbietefpesiture ohalacedstic(tbarothk d3Sexric
Figure 7 shows structure 734'_5 rrlade up.of first., . il
matey, &}_ﬁﬁﬂtlaﬁhe]mﬂaﬂa@} oféggxé\ﬁ,mr%’ Q.)f npngiembainaght. diglectrig;materia
has g fé§$ :st?fél%é t%g%éég%{%crﬂagélégern(sgé afmd Qh%’rhfelpcﬁéfegtrﬁ%pﬁstﬁ%f fl&;faﬁrmg to

top s ace as viewed). ]
Tablerie ireotxogwetimentaa suitdodd diplastrie nhadgrial isv Y15 Vidiclecteie having a
powder (.e.d,, ri (tanat.e) additions ipn order.to0
Rt sa A Lo ec oY by U lieEl PSP Bl or drbut
20,000C RebrebQthtivANH alifachBP Sinfclnt SorfiRBAGHH £ SOV EleytridGnat&rial may

green sheet. I'n one enbodiment, a first conductor 710
be plickd opeositathe dit side ofjp packages@histraighi ch wi | | have
ceram ¢ powder (e.g., bariumtitanate) additions in

der; to praqvi hesi : . .
oo 5 ROTINER SRl gy, e g comions
desc@ivee twifhQefidncEbineke3 70-3h0uay dt folbdviude Al Rteen(ct g, o) afrb Eirst

| ayer 720 of a Y5V green, sheet deg‘? ite o(g fir Slt .
con uesteral haping edppikpeaiatiyg dhickness o theaadst of sevral migrons to
oSBT g A LA MRl o
a thickhdsewh tige drider efeme shitioaror déss oatoathe irsraorductir (blocka350). Figure
first con tor, a second cond of i s deposited .
7 shops sieRe : Iﬁ?d@l}}pe(’f 1§ u@?r?ﬁ X fﬂrgxafgg Sy plg]gc.altsgeet or foil
pos%ﬁl&ﬁﬁ%iéﬁg%r}gfé oPhicdkbHR dh IR HaB8 offiRt SdiRlucieRFt @ (dop keiface as

ofl s conductor 730 |ami nated on top (as viewed) |
vievedd)s T ot emlgodi2ent anivkdlegrastedayes will deyeesramis pessler (¢.2., barium

titan@teg “4aditions in order to provide an adhesion layer between the underlying nickel foil

and the soon-to-be-deposited overlying Y5V green sheet. In one embodiment, a first
conductor 710 will be made of Ni green sheet, which will have ceramic powder (e.g.,
barium titanate) additions in order to provide an adhesion to the soon-to-be-deposited

overlying Y5V ceramic green sheet.
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8. In one enbodi nent, follow ng | am nation, structure

735 is thermally treated to burn-off organic contents.
wkem@oasent ati vely, a thermal treatnment woul d | PEDUSB®06012587

tenperature range of 300 to 500C for a duration of

between two hours and a day. [0049] Referring again to

gur g;

04zl 3 Figieg 13h0 AR 0% Pl RyeP P0G E05Y e shest
depadfited oh firg coadudimt1i0e Ceghpicilayes UDG engreen theeh) émote @aba@timent, is

jn reduci.n in order to densify the
lam@é?eamn@ng%né Igﬁéﬁglg??é edBffonal nickel paste |ayers

simul taneously (block 370). Followi ng heat treatnent,

[oo48e nﬁéﬁﬁ%g?i gafl @Ufiurd ?rf&lfdvﬁﬁé ih tp@ﬂtiéhﬁ)bf @ighic material on a
operation, that one or first conductor 710 and

firstoondrmtors o aehovd condig T Ay éep@)@l@ﬂde(blmcﬁﬁoh Kignre$ elmws structure

tricall tive terial. ure9
735 Sk e fiftredhor eS T ek 5 Bl P ag il i 5o dgafaucior
730 la¥iakted 28 tgeg@ Sidvad) eNsthRprangs kosiientoSorh aﬁe@sm@ms h€ Figure
structure respectively. Copper layer 740 and

8. In gppembediysnt, Tolipwiag lasaingligyo sirgciere 734 ipthermaatygaratsfo burn-off
orga'i‘xrbr &%%t lI@éHrés% %ﬁgelg spf?léltx{glall c&% Jrr?énlt %ﬁqlg¥%ly%% rterré?er%ture

ctropl ati Ress on
range@®d300 ¢ HOCSC ﬁ)ﬂﬁ)ﬁﬁﬂatlﬁ?ebébdftmgl two lidwes amt hagly. of Fi gure

3, capacitor structure 445 (Figure 6) and capacitor

[004§t L g f #g{ﬁglngqsﬁg tg éﬁreggp égﬁ{vggg g%t ach e d o;taeda %‘lgctrlc material

betviticl CHRRREbrARAMS1E, FhO&I iR strihdtuk Qﬁr&l‘tﬁfgﬁ 5$) 1REERq@ently heat-
copper |ayer overlays a conductor, the copper surface

treatgdyn a e@hucmgl areosphergtio weder (t(edeg],mfy kt;lyz esrahicrgggen shegdrand rop’nonal
nickiEp AT prETeBRE oigpka ol o BSte R POSRpL B Saliga of

FigiR8hrb0idbe ak et Qbﬁ‘dﬂﬁl‘ﬂ 0 @aﬁbn t}ﬁy ofté 618 bf firkt B6ERCtor I10 and
enhance | am nat1 on. 51] Figure 10 shows structure

second £9nqusér/d0rmee easiesl \mlb@tdrfgar@tfmmqabw corfustivgmatgrial (block
ssof g ReO S SR TP AR oS 4 dsa0E 9"
depasubs bh admﬂdd;duomnwﬁc&ﬂg‘ehcssth&turaﬂes kBsactivdie QCappeadmyer 740
s AR ATl i Bl A5 s i
follcﬁ)&édhﬂa) rap !alti'n Sy éﬂﬁfﬂn%és STHERCIEY ofh by hﬁ%%l o

cop ati ng operations use
fornatlon nay be enployed Each capacitor structure
[005fay aRsforrbg tpdive methed of Figuwe H d:apacimrduattum%ﬁdil?ﬁgm‘s 6) and

capqggng % g: ? Zég,{ f@gure Sr}lartyaée at[g%xec{ tl(J)rat CQ)% subst(‘:rate such as an organic

core substrate as discussed above (block 390). In the example where a copper layer

overlays a conductor, the copper surface may need to be roughened (e.g., by etching) in
order to enhance lamination. Even in the case where there is no overlaying copper layer,
the conductor surfaces may need to be roughened (e.g., by etching) in order to enhance

lamination.

[0051] Figure 10 shows structure 1045 including core substrate 1010 having structure
445 (capacitor structure) and structure 745 (capacitor structure) laminated to opposite

sides of core structure 1010._FollowingJaminating-of-the-capacitorstructufes to @ core |

substrate to form package substrate 1045, the package substrate may be patterned (block

10
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of an organic material (e.g., epoxy or glass

particle-filled epoxy) onto the substrate. [0052]
woredoenri4ny to the orientati on shown in Figure ROT/US1006/012587

package substrate is provided with structure 445

having a ceramic material with a nore stable

t t dd 1
36O’pI§gEFJ l@f v% n@ﬁt}%{ehﬁﬁ%&iﬂg i oilvgsu%%g%: 8fé)efn§%agg¥llrhn drilling
via Holekan k:pvx)nmtﬁ l#ses |hdimgi@ﬁ@ and nogpee platihg dperetivys used in v1a

structure 44 of paci tor including an X7R ce
Fornio PRl e @Rl FAGh CaTS Q] SO BB Y Hisa DR PRILHGY corm.

mdlﬂﬁﬁ’é’l'c ﬁacﬁ’tofé A cHRPRE kiR uBSRANS n}é‘fﬁﬁﬂér 'irﬁr'ﬁ%%ﬂﬁ%p layers

he dielectric constant a roomtenperature. Because
of am brganis matenid (aguepoxt eriglass pyrtictenillesbgymsiy} arto ghrowbsirate.
provide sufficient charge at a relatively |ow |oop

du e _capaci t 745, .
00sgl i R et h e SEFREES 108 IR Bl
provider!l el thectr0 85 Alting i ce@iniS tnategialivith 44Bor8BiabROttmbeRture

as high as _desired. The capacitor_of structure 745,

charagteristiszan a,dip gidejof thearagkagssubstrate NEigarb Yl shawvspackege substrate
104 RN B A 2R ARGl e S Uyl icing o

X7Rcaralaic mattamlalninﬁ)rme@ opdid didan1 080 hei>S7R slasibd prooidetaeflat

heat generating silico In this case, structure
tempﬁﬂ%mﬁ’esre%lﬁ’i“?“amtg rgsppctde ﬂ&fhela?tas FORHEY 3 Tog (GAPERNp g fpecause

of ité féﬁ%ﬁﬁ‘ﬁl‘é%ta!bﬁltﬂ? Ohe @%@g%ftblt dhb&ld: pr&ﬁ@@k&ﬁﬁcﬁhf yéér R a?@ﬁtwely

I"izes a ceramc material with a relativel
low woplue@qame,crehsmatu the t:ﬁ;mcﬁmestlallctur@ mmalmm suutabieh@r first

ackage substrate.(structure. 4 uct ur
arooB S oW GohT I ARBBIE ke r i TS i R % High o
desiedPIhE BhackOASE duetuddIPAs altSiREH By, GRRACHED in Sihd sibddiMent, to
on opposi ng sides of t hé package. In anot her

provéderugh panseitanealat lopres tesapsarfieosines the éqwre@rtnmyofﬁbe substrate
woull ASEH R0 B0 Al R SpBblEtwiFHE R BRePIARE A THL LR Esiticon

capacl O SUT ures Ing a rc na

die. avhingase, stuhire 74% tpeitabl fe seb@idadrb @y dsdratton(whde high
Croomtenperature_ 10-15% on_die_side 1050 of the
indugtgpgeig@otaditicat eBeanquc@r@ZﬁSeutﬂzeﬁ;a sgapigmatesiab with a

relatWe ﬁ a2 cftl% B3 fg b Fca}ﬂ&%(:@ P‘che?ﬁgléhg@?%bstrate

e ‘Substrate I'S process descri
(strupanrds#@plassﬂrmmdﬂﬁ)am}mgh of capacitor structure 140 on
a die side of package substrate 120. Figure 12-17 show

10055 o ded S aaLon i Torcike g 04 R sifble cAfecior

strudtiite loR&p Hﬁn% ClidBes A€ Padkabé dinfanGBRAIbEdiment, multiple capacitor
structure E 055] Referring to Figure 11, in one

strucsprpd giapba plased f)@ oR¢ AymarcHfesciuches placingtravléiplsfeapacitor

structures using a dielectric material having a stable temperature characteristic (e.g.,

Croom temperature T 10-15%) on die side 1050 of the package substrate.

[0054] Figure 11 presents a second process of forming a package substrate, such as
package substrate 120. This process describes in particular the formation of capacitor
structure 140 on a die side of package substrate 120. Figure 12-17 show formation

processes in connection with portion of the process flow described in Figure 11, notably

in-the-embodiment of TOMMINg a capacitor structure.

11
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a package substrate, a green sheet of a ceramc
material is provided and an opening i s nmade through
W0 b@ecaeosam ¢ green sheet in an area correspondpP@mUSIOEMN 2587
area predicted to be under the die shadow of a package
(bl ock 1110). In one enbodi nent, a ceram c green sheet
y %&, drdlodiiait o #infn P& BEsRIthYstructure of
[Oosﬁﬁm?ﬁgégg gﬁ %‘tﬂf(ee lgbgfragltfeir rr{gJ Ot en%grogturen%nd%a%hi gsh e
a padkapleaabstiate, a @nshahtet oRe eramingratesiallialprevided sndsani apebing is
terial for the ceram c green sheet |.s ceramc ..
mad TSuElh e FORRanITEPEn RS LA ELRPEFRYUIRE O A1 Bredictsgico be
unddiQhd %@h@(ﬁﬁv 8t Sh&Ikasd (Hl6ckean 85, atone RnibBBinnfl & ce@dmic green
20, 000. The lower sTeady state operating tenperature
sheap inatythe seigtted iofih nmgdrind thatibes svganerallyllowen stegsly state pperating

capaci t ance ications o i de th e sha r.
tem g RS LB SO AL P GRE TSRFGPSIT g0kt AL oLy L forthe
ceratli® gleBABReR s W @ rardici MasifiEd 84VS V] BaihOieersr@tieCratify 6f -25°C
t()Jric;)éo&?reen sheet 1220 having a rectangul ar formwth

B anvipudliglecisennsignimrhe prsenptZQ. K} efhe lowsestrady siate s
opexl[aglgg ?eglfp%trzﬁgreto? tl?eem?tfe%igl nxgi{llée‘r'@ i’s%+tp Q{ASaFAI{?tQB‘ﬂe '}qﬁpaéag?a%%g%

exposure o or ceramc

appli@tibes1peside tHeadie shidsivdehert therrexperanrog@rditidns generally will not
erature range i.s mnimzed. |In ope enbodi

te t .
excesdby iegperfue raing, digrre 1 Shopsceregtc Byer %ﬂ?e@e‘f 1220 having
a re%glgég%‘ggﬁ%l\%‘g@l r@%/tﬁ{f%ﬁ:%rg{p%ﬁ 1995 firthed RRIQY. Ppefling 1215 is

m openi ng 1215 in ceram C | ayer
seled2d @ bsof hisine gin oneethbodimaht, puohathatrag, expesies obs material for

li.t hogr i c etching. 056] Ref.erring to Fiqure, 11 .
coret R Myt AL OR A GHEE L GHEHITH PR R G PG atutd tange s
minfifiz8dN | He@BhoahRsk, HlenfigM@l §hd Rkmb@M eﬂﬁorﬁoﬁ lof Rifyer 1220

tenperature characteristic, the green sheet is

con*b?%vildmgeﬁth opmjdctadstie smddwatf@rpackiasc IOne D) to form gpening 1215
. di ment...th trate | heet (€. gu.. Qi f.
in SPGB 0 BB B g st B B bl lnd?

t hi ckness on the order of several mcrons to tens of

[0058] Cr OR&feti$ngo@izahedl1, Folpwing i fohmtonsifian opeiiag fidbgh a
made up of first conductor 1210 of, for exanple,. a

cerayig RESen ghess AT 3 Matarial Byving o figk Smpgiaute dhpractsristin dhe gigpy sheet

is laﬂﬁl\ﬁgQ@ana ht%g%%nu?gtop g‘tﬁg& 1 z.t £ A Addihagemekubduailis a sheet
conduct or a top surface as viewed). 1n one

(e.ge ftib)difmefintt, coadndtokmhterialdtawidgoa/ eprea¢dtativeatiekoess anitie order of

owder (e.g., hariumtitanate) .addifjaons in order,4.0
SeV%fldmca@(séﬁ aloB oY e gt vDE S _ SHoR PSR | 225 tnade up
of RktChRAuck 12187 tHPEBRNE alBcIRE pfbeR Sidet, 4 aQN&Kel MicRBof o)

green sheet. In one enbodiment,” a first conductor 710

possibllylhaipimgradder off nidkelgpasteronshwstace offishcatiduptondy ) (a top surface
as v‘fe%e%?? fa gn%ve\dmebrodiment, a nickel paste layer will have ceramic powder (e.g.,
barium titanate) additions in order to provide an adhesion layer between the underlying
nickel foil and the soon-to-be-deposited overlying Y5V green sheet. In one embodiment,
a first conductor 710 will be made of Ni green sheet, which will have ceramic powder
(e.g., barium titanate) additions in order to provide an adhesion to the soon-to-be-

deposited overlying Y5V ceramic green sheet. Figure 13 shows structure 1225 with
ceramic layer 1220 of a Y5V green sheet deposited on first conductor 1210. Figure 13 is

12
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(e.g., bariumtitanate) additions in order to provide

an adhesion to the soon-to-bedeposited overlying Y5V
w@eoam@igr een sheet. Figure 13 shows struct urBC/RRH06/012587

with cerami c | ayer 1220 of a Y5V green sheet deposited

on first conductor 1210. Figure 13 isa cross sectional

s B hANITN O oSkt LGS 1EBE0 L Uil P SaR
layed 1220 ol | owi ng t he I am nation of ceramc |ayer 1220 on
fi rst conductor 1210, a second ceramic material is

s TR e SR B G QBB R

cond¥Ric21290, ar@b;’oﬂaece‘ﬁﬁhﬁ Qﬁaeeshms Rk & fodhe HAY boHudOR DR
tenperature rating (e a stable tenmperature

operingaingbe &gt seragi¢ tawcmﬂqchriﬂ 89t Theseqandiossanyic sugteriad may be
st b B o PR SRl BB G HE SPbl g

char@dtamﬂdl(t:@m EnpG R HT0Ct 376 tiitble Top ughwitl Ritihehtcd donditions
havi ng a tenperature range of -55Cto 125 0C and a

typlqailllweémrrqnéed:@%@r adie dadeve Refeadng ©rTablolLitong spidable ggramic
8 AT OCTRURIRIg AL Rl B )

dlelactrld-'cogsmaﬂt drBthe toladen ofj Abone G [0@N| ﬂ“hb ceramihmagrial wik lthedtlgh
litho hi ¢ etchi ng., ] 0058]. . ure ture

tompEIB RN E I epﬁﬂt%ﬁedc%rfg 1 gty Q@V@W %r

Figut€49) thi; Crﬁéh‘hﬁm@@liﬁl n@hifg, hie IOHH@I% %ﬁﬁ'@t&uﬁzﬁyer
segnent lam nated to6 first conductor 17210 in

openi ng 1215 (see Figure 13) of a ceram c materi al
[0058javi rigigure b4 @hqwsesnycmr@l%ﬁen@edlag e Cpaducng“ 1211 ané geramic

laye{ g%g)e p%e fu)g%fl%# f@f(} 1[51 ?s%e?%tgg:q%er & é’n‘% rﬂgg 9arr]rqggt38 to first

condiic®lr @210 inCogledit@r 1245 |(§&|’F1§ﬂﬂaQ)3) ofh @Mﬁﬂnclﬁaféh@ll\ﬁavmg a relatively
structure 1245 incl udi second conductor (e.

g.
highdpraRerplusheasing o fn e ¢m mp%tkﬁnllogfﬂ%hrr@wé@m 2 yeand conductor is
depegieh A iR 1255 Bh hMohboRE IS AR RoBEL 1ERD, Ffire 15
showssspaictui P24 Saindludingl secdndi cmnﬂlmtm(e:gzaﬁnckelh sloeeeor foil or nickel

e nt, follow ng | amnatio ucture 1245 is
greeﬁm l3pated dPess Wﬁh&rmcl@?a + RetE 5Tt 6 €@nductSr and the
ceraﬁ%%ﬁglt) 3 BeRlcHic lﬁ}réthQﬁrﬁﬁd b RN erWo b dr 6Hécgrﬂl?od§nent

enperatdre rang 300 to 500C for” a duration of
follob\eng\b\annatm, ktmqtlsredaéﬁ & thamallpma@}i tREmroff ngangaiontents.

Figure 11, follow ng the on of a,co 03| o
Repigrelitifey & el Feign ot f BN e BbeRaf Az or Sphtp S00°C
for aSdurMfdnWiBetviceh YRS QAURMINEY dagat -treated in a

[0059] Referring again to Figure 11, following the formation of a composite dielectric
material between conductor materials, the structure is subsequently heat-treated in a
reducing atmosphere in order to densify the dielectric and nickel paste layers

simultaneously (block 1150).

[0060] Figure 16 shows structure 1255 following the optional coating of first
conductor 1210 and second conductor 1240 with a different electrically conductive
material. In the example where first-conductor-1240-and-second conductor 1240 area

nickel material, the nickel material may be coated with a copper material. Figure 17
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reduci ng atnosphere in order to densify the dielectric
and ni ckel paste |ayers sinultaneously (block 1150).

WO 0@6Q]J04Fi gure 16 shows structure 1255 fol | ow PQT/UE®06/012587
optional coating of first conductor 1210 and second
conductor 1240 with a different electrically

' [ [ b
S G R0 b oo BB e Tog0er
underbyyrey firs@&tdouter L3t gﬁlqmcnhdemkﬂﬁdwnd ooppe2 ddyenh2bwpy be

| 1260 under | first 210 .
depqs%vfg ForBagni depe fsBrbmaan of S86 dies ot ShatsoelpRg ochyues or
by d@ﬁ%@ct s opldﬂ?éﬁ&s& RO 3bp e pafiicRls A6Y k@RS tBdFaste.

i ng techni ques or by depositing a copper

paste including copper particles and sintering the
[006Hast Refppgppairds &igurned lathaicapacsorstgighue {structuse 1255 of
Flglé’g rigf 'tr%a hbe Oatt{agl?etéiuté %rc(eo%s l}%gt{ré{é,?su&l% g?arﬁgrggtlug %51% sll@gtraté@s}/

discaRé®alsavbgbloak ¢160). dh geussaplcanittrea Copre lkaybﬂ.fi@f)rlayk a ct)llithlctor
exanpl e, where a copper | ayer. overl ays, a c?1a nduct or,_the
the coppHeriacs AL BeGaHp h@é%gheae%@ HEIgA éﬁ]%ad‘CP nejpgiagn. tByen in the

case fi6rd 13 Mb AL AR gagagg@r fafer R ﬂ&&t&‘%ﬁfﬁ?éshﬁ& dedl 158e
overl ayi ng coppe e’ con uctor surfaces nmay
roughered (eg.,lby etchigd)en entle( & gnhandp/lamirahiong The napcder sttuoture may

ce | am pation, t or ructure .m )
be aRPa R Br Lo LA S GaRs Hite B 0T ShEct iR 138 goysted to
core 3OS TT10C ISduBtude PPs G ephREd #0i6 916@ 155@&' écﬁ& Subk#rafd-1710. A
Structure 1255 is coupled to die sid core

secogd bapacHorstrliztude (cApamioo situctensdd 55)cmassb¢ cmtn@ﬁted to an opposite side

of g BRar el Ui THF pitiee’ SinbeFRbuREHSER Rl edline o

techﬁMﬁ@sI dudh 8s 8&dtiBed A1RNe REthRefr@ich eslbiack 395 bNBighee 3 (block 1170).
technl gues such as described above with reference to

bl ock 395 of Figure 3 (block 1172% [0062] As shown in

[0068) gurds sewngndiigese}7 dielgpaic layesd 238 havige, inpng gmbodiment, a
r

relatﬁ/[p ogg? ?‘?one er@tu ftla?ﬁé Y?#é(snﬁﬂxgg gB grgg?grlgtgﬂ{lje% 'il%tréeﬂgﬂdef 8

prownmj die Ehmﬂow e[t sshppoaniatdd, thas tl&nkmmemuatse(tb,ngthmtd widéh) of

dielgiiF BYnando Sy e ey et Saithied it GO sF P avifs hpfpated die

shad%’{)vode%%cﬁg %ﬁeﬁh@ﬁ@Wn%ﬁ%lﬁéﬂéﬁmnfg%'bn&iﬁéﬁg’ér@ ovethll capacitance
desired operatlnc cdondi ti ons and over al capaci tance

ofth@fpackage alestatge Isabmnbadenenlt whare asseboit] mamtqmémetuea (structure

175 PRSP REA Prg i il f &ttt dr o ot dmaier sppgiyre may

be fdriRdSARRE dffe%tr&tlﬁ&t@ﬁ&lr}ﬁvﬂ%)é Rfefally IBserWtdably 8tate operating
dielectric materi al haV|nP general ly | ower steady
temperauee (dpreicdty regrote location relative to an operating die) and a high capacitance.

One suitable dielectric material would be a Y5V material.

[0063] The embodiment described with reference to Figures 11-17 recognizes that in
operation, the temperature on a package is not uniform. Thus, in one embodiment of
constructing a package, capacitors with a higher temperature rating (typically lower
capacitance) are only needed in the hottest spots. In another embodiment, capacitors with

different ratings are used at different spots on a package. In this manner, more capac:1tance

canbeplaced on apackage” mowermmre ratings typlcally lead to a higher
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tenperature (due to its renote location relative to an
operating die) and a high capacitance. One suitable
wak@eact4ni c material would be a Y5V material. POD63831006/012587
The enbodi nent described with reference to Figures
11 17 recogni zes that in operation, the tenperature on
@é{bﬁéﬁ%cé SFi@erBre] ©ApRbitdiE Waith Hifh@ REnSFRar ﬁﬁﬁés t9hd to cost
con ructi ng a package, capacitors with a hi gh
mor¢ hap erpecitoes with lomgr fenypsiratatel rgtin g iBuscthp dotht @ast:@ﬁpoa*ree delivery

can ﬁ%&?ﬁ@ﬁm "anb %?%}Oéltﬁ? Cg‘fg’tfsﬁ%’lﬂéﬂ’lﬂ%ﬁé’% Fq%r%]’ng TR

Figite 18ish6®§ 614 eribtlimebfa faskderd@vinkAwb fahﬁersi&rzfaﬁaomf@ bfe with
capaci tance ean-be plaeed on a package~because~16wef

a highepfsamstaivie rating thes theﬂﬁhesa megnpp@awe raémas af distecticanaigdals of
capa;%ﬂgxas%lut %ér:semart}g tf'fTI %%g fle ’f?r e@(ﬁﬂ'@ h%l%ﬁt%ga(g {::cl) es set forth

in walé |’D abovie lntopepebalinicdt, capdoitgrs I'BBOS)f pﬁ(ﬂ@gé Q)BH} u@mtX?R
ower delivery can be brought dowmn wth a aglectigﬁ of
¢tgd to see

dlel@gﬁa@amals(laﬁ tCh Hdpersenh dor apasef package A 81§ thgbarepr
high Y PORTc< 0 CERALITTRAD 1E0 o KRR HARAO ML (IR0, 15 percent
in aread pradicted do s¢eheelesteh trmpeTarmpe lBytua;ng X&mﬁgé cafacitors only in areas
ectr terlals of capaci be . .
predifubaen biph PupeaiichPe. SBota e o) fud KR ERl tors in
cool8€lochtRnk thé Bydal bspabit@aRe e p adldﬁé@ NS1 ERRPEL IRMased.
capaci t ors 1820 of package 1810 use an X7R dielectric
material (125C, 15 percent) for areas of package 1810
[006¢hat Jarthe phasgicsthedinents éeshhiqyes fos fyerieg capeeitegrsiructures are
desci %g@ wé%re afﬁ 1218n§1% T aaﬁgréagn a§e gl lgllpgl et%ttg 'g%gmcl‘a&% %11 (s§<‘,5h a% a nickel

or coppRPRIIRAIRY; seﬁ?ﬂﬂ%d:rﬁ@o&ﬁi@nﬂs atsedesaridechd e @n:lo)idllldmve foil as
ar eas pre icted to see high tenperatures (e rh er
one glegfredesmy ad‘md%we Ra¥E ﬁ%@r&ﬂhqs&&féerp%r@n@ PICER ith the use of a

past%&cgﬁélpg}ﬁeet %)P %1{1%% (?jl lelegﬁ {)ﬁ‘l@?@h a d%b%bi"f’&els f)%&drﬂ@é

crease I'n t ove e ment's
greeh atake) ltlmmstefmzry lﬁmmmigd dmpwghl the ceramicnmbigrielsardraentact the
descyi be ¥ ceramc matlﬁrl al ma

OPPOSTiE 6154 FUIEEIN SERTHRE o4 HEORPROE nggﬁﬁg%‘? Spteets of foils
is thiteRé Sﬁ%gfoﬁtsh\é R 'Ep%eﬁ@&t RrAhR And 8 26hdRrREwHS€aRf the

conductive f as one el ectrode and a conducti ve
ceramasmey dslaamﬁttmﬁrnmdhe condudive sheet. Sutamantnbasiettiven madadeuse
bot h, el ectrode

oonigtif, B o b 4 o B o e iR, B v Yyf B Rt in he
ceratnemBRSh PcaliByt dif-g8X aﬁmcgeﬂommg Undirdpero GRlgag/Erablih e bf e

and contact the o&‘;sme el ectrode, resulting in
capag ey stiusresa Figes Bhdasprilyes airoqpse ohi@uuing Acaphaior stragture using

con{ug%ig(?nsﬂce%tas% é‘mleg] 50-@% Q:ES\LV Q&n’?att{oﬁ %%J% dﬁj%? Eﬁ/\@o%eétfb% with portions

conductor "are
of the process flow described in Figure 19.

[0065] Referring to Figure 19, in a process of forming a capacitor structure, first and
second conductors of conductive sheets or foils are provided and openings are formed
through a thickness of the conductive sheets (block 1910). Figure 20 shows first
conductor 2010 and second conductor 2020 suitable for use as conductors of a thin film
capacitor. First conductor 2010 and second conductor 2020 are representatively;anickel

or copper ‘Sheet (e g, f011) having a thickness on the order of several microns to tens of
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ceram ¢ may del aminate fromthe conductive sheet.

Attenpts have been nmade to use conductive foils as
whodok/11dae1 t op and bottom el ectrodes, however, PEEUS2006/012587
organi c content in the ceram c material cannot out-gas
during processing |eading to bul ging/cracking of the
: [l @: [ : I Qur SGLI: p f
micep PRk s Th bt B, e R 18 A R RDERERT Bl
conduicpu 2630 261 R2oshomdiciomdloimve naneteesf holecionned throwgh a

. Wth rtions_of t rocess flow described in Fi e
thickpgss Tﬁﬁ% HieckelighFs Efgslfoavs g foadygor 7010 pagng apeaingy 2015
exteﬁ&lﬁ%h&ﬂpﬁte@f‘ﬂﬁ&déhoi thitlkh & Lot iife ShEétra%]Ei fﬁfi%ﬁ&fc@&dzozo having

conductors of conductive sheets or foils are provided
operamg$ 2938 womgketely ¢hrbegne thicknessuglheshehi. dpeadgs ofiayt beeformed

. conduct.i.ve s ts | ock 10). Fiqure shows f.rst.
using SRR UHE oD a8 (oBahy B SHh GEPBRTSL e G of opgiines ar
maxi§iCedfo 1CONEUBE SFss Pbr mmtagd; Qidkaf G RBACbpeRingsFin tBE respective

conductor 2010 and sec ndj _o 1d tqi 2020 _are
sheefs; Repraseetativg oneaings an iheidpr ofoi0-Yoppreemelsescare getagle.
foil) having a thickness on the order of several

006 < ey 855 4T3 CHoPpRBE A8 00 bRl scono
Con(m?fmr?]m ;ﬂteom?taed @acﬁz{'rd:s Sﬁmﬂmdinggﬁ.rrditeﬁﬂrin ﬂ?&?ﬁhm‘gﬁhzﬁtham aber

. noles rorne nr a I CKNESS, O e, .
cocfipigief ﬂ%ﬂgﬁ antion 0 T By e Cobdor ﬁg@r%@? 8FA cAglictor and
a CTEOYS, SXLARGAGIATRRI SUFL L RIANAR R1I'BHE /G ReIBinL DPthe

sheet and first conductor 2020 havi ng openi ngs
capacivorpbleck(1926)h o wgh embodinekh esvitadfle CAE-whtebing nBendl dgs

may be formed usi laser drilling or.etching. .
depePIOHT HiSeRPETIgS BhiBT SHEBII e Mot bR R e garticles
simiRE € Avteiial 4 thdconablsteLadd@rahic PaRicRA sithilstka @enaterial for the

(l'inkage between openi ngs)‘ in the respective sheets.
ceramepmaisank thet widl hepisad iy dhodieleriico dd ene embadingot, a paste is

cepdfd BRI 1 B PRl e OBRRY ST SHED 4 ipe e s
or se%sé@adldaomduedp@b@vely. hie o tchthd danan the smatsiial agued igthe

material in the opening that has a coefficjent of .
openingsifghe @pdusiarsdniisaiitondyeivgesess goicoreduse the operad} saprcitance

f N n ' terial that,
Ofth?rﬁtr%ﬁlﬁrse enbo %ﬁ%ﬂ\%@\ﬁg@g%eg%gg %gﬁﬁ}ce?lz?t ric of the
capacitor (block 1920). In one enbodi nent, a suitable

[006JTE- ratgehdraly a weitreri¢ gieef slicetiwplbkist bganics andderspig miunigg a high
in. the.conductor is.a metal /ceram c paste.havjn tal

tem S S T HFPPeEE Y0 OB AR O B B DT proent.

HowefEraBicn tRGUdh thé 8Sradiidb@Fial s @ 16RELCTR khdnQhethN®@.g., 7 ppm/C
ceramc material that will be used for the dielectric.

versys! Toprsv/éndoo dickelt it may pa possible to match the ceramic and metal strains. If

a ceramic green sheet shrinkage is matched to nine percent, a ceramic layer can be under a

compressive stress. A compressive stress will provide adhesion/retention between a
ceramic and another layer. In one embodiment, material 2030 may have its CTE tuned to
be under a greater compressive stress. In this manner, material 2030 may act to hold a

ceramic green sheet in place in a capacitor.

[0068] Figure 21 shows first conductor 2010 and second conductor 2020 having _

— e -

metal/ceramicpaste-2030 partially filling openings 2015 and 2025, respectively. One
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deposited to partially fill the openings, i.e.,

partially extend through a thickness of the first or
wa@ewonw4eonduct or, respectively. In one enbodi PENUS20061@12587

material formed in the openings in the conductors is

itself conductive so as not to reduce the overal

e B SIS B A TPt BBt rf o o

surfapeed pachh@atiuetbt.| | ose organics and densify during a
hi gh tenperature sintering process with a resultant

hri . of i matel y .t t .. .
10063 X ATGTIE 2RB Yo et S TS e SR e PR S rpghine
matd¥Rl dhd éfonthgs fornRiATh Che/Bisbatid skéoPnGuéters, HufekRtrlo mbferial,
may be possible to match the ceram c and

tal
suchsasragrerpsnic ateriad rerkiedaginatad bstvezen thy wmiveaiggs Plocke0amed
Fingg 28! HEwPEL &G tmat%rigl?ﬁmd‘fs lo@ﬁ%et\%@e[ﬁ f?rgt &)%ﬁ £02010. and
conmpressive siress. con‘plpeSS| ve Stress w provi éle

secoad besduetvr 262@NCamibaiaeRN2 @10Ge farexangilel tariintétinate or barium,
| ayer.. In_one enpodi nent, material 2030 rmie have its .
stropttpm figaalg haying @ thigkesss an grersderof opppHeren oy tesst fewguic mgterial
46 Bias bR i 1d a ceramc
20 %?%2n S ee?b?Eagﬁgggkfﬁgéggggé%?%%?EQF%%68] Figure 21
shows first conductor 2010 and second conductor 2020

[0070javi Refemmgaighingo FiguredQsfodlof O e praminptdd §f § ¢draniegnaterial
[ 2015 d 202 ti lyv. Onetechni f
berwfgB HetSt s eriinondiiton: B2 BRGhu Rttty Hamally Feygh o

burnOF¥E bAlahRE. REpRShidtiRlyS Hilcdms] @datBasivand diehRra tehPeBfire
Referring again to Figure 19, follow ng the

rangp of PORIiscT10BR for a durasTen plrethanwoehaars arid zdRy. Gfiersompssite
steoc R el bl oo BT BN SRR Hplers T ardepsg depsity

the dedihio aiaeelidd €hlveleo4ohe conductors (bl ock 1930). Figure
22 shows ceram c material 2040 di sposed between first

conduct or 2010 and second conductor 2020. Ceraplc
[007Ht erkighredighoms ceraghic %waﬁ%@@, beupan 5t FondHelPE2 B0 and second
condR@fdr 9o strontiumtitanate having a thickness on the

order of one mcron or less. Ceramc material 2040 nay

be deposited between the conductors as a green sheet.
[0072]007 CTherxbioue déssyptemietatesctoEpmpuing camcitpittugtuirergwithia package

am nati.on. of a ceramc erdal between the first. and
subsy 8k S ahen B e AR bE wE thlorg Rt R it
envitdhekeN®, buchtds Q@Fﬁﬂteﬂ vikhg BoRld (0. 9pfhed circuit boards).
Representatively, a thermal treatnent would involve a
tenperature range of 300 to. 500C for a duration, of

[0078et walBrihe pisceding detailnd deseriprionTyedergrneisaiage to specific

embodiments thereof. It will, however, be evident that various modifications and changes

may be made thereto without departing from the broader spirit and scope of the following
claims. The specification and drawings are, accordingly, to be regarded in an illustrative

rather than a restrictive sense.
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structure may be subsequently heat-treated in a
reduci ng atnosphere in order to density the ceramc
wordoeri@il (bl ock 1940). [0071] Figure 22 showsPCERUSIWE012587
| ayer 2040 between first conductor 2010 and second
conductor 2020. [0072] The above description rel ates
to form ng capacitor str W t hi n package
substrates. Simlar techﬁq‘ﬁfelggmay be used in the
Whdtas ehainiednis:of capacitors in other environnents, such as
in printed wiring boards (e.g., printed circuit
boards). [0073] In the preceding detail ed description,
r ef ' 1,0 specific enbodi ments thereof. It
= W ﬁ"r{&ﬁ%ﬁa@%szcro@ggn%w dent that various nodifications
and fobiaagadtomstyudere waohprising adirst agianmiomatetep disppseg Hetvoran two
the broader spirit and scope of the follow ng clains.
electamgessﬁréc@i fication and drawi ngs are, accordingly, to be
r egaksRd daPacior birhdirboBp¥iSink AlsBEIndl RIS nia8s1al Uishbied
sense. CLAI What is clainmed is: 1. An apparatus
betvesmpwo slengodes, fi rst capacitor structure conprising a

LSS P LBt SRR\ eB R Ypera v cten

oper@aAiPtdnicRdu ra@eRnd ceranmic material di sposed between
two el ectrodes, wherein the first ceramc material and
the second ceramic naterial have different operating

te r raki . T ' :
2 | R apbiaRs oFLLRAT, nuger Ry ARRAL LS silondicluliin the fst
capav@pastivcaire $ coupledrte aissrfseudltiadcdre sebsgutefand ¢heodecoibeapacitor
core substrate and the fgecotgtg capacht or structure is
strugfyifg epuRies RrAnpesie wristk pidde coe TR AGr e substrate.
3. The apparatus of claim2, wherein an operating
tenperature rating of the first ceramic material is
3. gr &keeppdarhts oficladpdy whempp dneypeatiag tereparatuiagtiog of the first
secon cram’ag terial gnd the fjrst .cap?itor d .
ceragyie FREGHIALIS LU IR QRFTUIS t@ng?raén%’faﬂpﬁ 8 g’ﬁrsécon ceramic
mat&i ahd HeSirstoapddifr 3RRARYSotledtodl At Side bbfHekBfe substrate.
conprising a core substrate, wherein the first

4. The apparatus of claim 3, further comprising a core substrate, wherein the first
capacitor structure and the second capacitor structure are coupled to a similar surface of

the core substrate.

5. The apparatus of claim 4, wherein the first capacitor structure is positioned on the
core substrate for first droop capacitance and the second capacitor structure is positioned

for second droop capacitance.

6. The apparatus of claim 4, wherein an operating temperature rating of the first
ceramic material is greater than an operating temperature rating of the second ceramic
material and wherein the first capacitor structure is disposed within an area defined by the

second capacitor structure.

7. A system comprising:
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capacitor structure and the second capacitor structure
are coupled to a simlar surface of the core

wandwstiteie. 5. The apparatus of claim4, whereP@T/UE®06/012587
first capacitor structure is positioned on the core
substrate for first droop capacitance and the second
capa ct
capaorirag HoHE! oS B GLRSE R IRk R Ropled to o

prin@ddesi@bit BGarﬁeﬁﬂ@agﬁh wiilgstate] th&gubsftratdﬂ@rﬂpr[mtg < Brsamapacitor
material is greater than a oper%iln% er,at ure
strugtgge wgmslfsmgr?eﬁ@b%féﬁawda%t% AR DA ec i O FlERIRS ke

SeCJéldrC ﬁ%:g@g cﬁ.% oo gH%h% b 8edondHeRRAS GteMal His@os@ﬁ b@fv@é@n two

apaci tor structure. system
ekmuodmgising a conputing device conprising a

m cr.opr.ocessor, the m crgprocessor cou . .

o (FHRBEIR E 1 Ser B R GO o CCUMLF TG Ml have different
Opelsdﬂgggern%e@atﬁ@rfgﬁﬁgtsl ng a first capacitor structure

conprising a first ceramc material disposed between

tmo el ectrodes and a second capaC|tor structure

i,n cera ter al
1 TE o BT S ERh e e S B s BB RS PR B E grtace
oftﬁehs%b&ﬁﬁ@@ﬁﬂ 8 58d0nd caBdcebl luchay & chubledrie i op]ptﬁ;ﬁtatsuﬂf@e of the
tenperature ratings. 8. The system of claim7, wherein

subsimge. f i r st capacitor structure is coupled to a surface
of the substrate and the second capacitor structure is
coupled to an opposite surface of the substrate. 9.

9. Tha&hewsiterm odiclaima, mhéreinhe fiétreapdudtof sthstture apmsilticmed on the
[ he core substrate f

structure js 05|t|oned on or.
corg §upgtfatey quai}sstéﬁg%?qpaﬂ&a@%@ the secand SAPRCUQR S GHYE 1s positioned
j Osiet i oned for second droop capacitance.
or GEOHEROG Bl erat

cI aim7, wherein an operating
tenperature rating of the first ceramc rraterial is

109,555 B PSR, TS oS e ot coramic
mat@ﬁ'é] Qé:gﬂe%r fhah 46 bRt SteRipS RS datiig Jﬂ tHe @%oﬁd E&afhef hRelal and
second capacitor structure. ar at us
whe@:@mﬂm fgisheppacitor structure is disposed within an area deﬁne y the second

capacitor structure.

11.  An apparatus comprising:

a first electrode, a second electrode, and a dielectric material disposed between the
first electrode and second electrode,

wherein at least one of the first electrode and the second electrode comprises a

plurality of holes formed in a surface thereof.

12.  The apparatus of claim 11, wherein the plurality of holes extend through a

thickness of the at least one of the first electrode and the second electrode.

13.  The apparatus of claim 11, wherein each of the plurality of the holes defines a

volume and wherein a portion of the volume comprises a conductive material,
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a first electrode, a second el ectrode, and a
dielectric material disposed between the first
web@ctit@de and second el ectrode, wherein at | eRST/USIIOG6/012587
of the first electrode and the second el ectrode
conprises a plurality of holes forned in a surface

th f. 12. The. f.cl 11 [ nt
14, R pirpretis et ER pBieT Fieh S P ihpplAEE bt ffipes o
volBine 8@ SheRNEa PbrifoN@f tHe volurBd E6ihpde a ailerid Bavias Qldefficient of

el ectrode. 13. The apparatus of claim 11, wherein each
thexxﬂaltehpamiqmrmtwweyl aghatetial ﬂabare@le@éfdeméé agnafeyial fer tha dielectric

malfit e e B B8 el lyitigel B W APEAAEES %0 i 12,

wherei n each of the plurallty of the holes defines a
vol ume and wherein portion of the_ volune conprises

15. vat The 2Parmius qucl%lrrbldeﬂﬁlietqne?ﬁc of thefastelectends apd ﬂ%ﬁﬁecond
t | f
clefdBpRalEH Ahlfly Mg A nueR b IRCE ANl L B e

and the second el ectrode. 15. The apparatus of claim
11, wherein each of the first el ectrode and the second
el ectrode conprises a plurality of holes through a

t hi ckness t hereof.
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