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OPTI M ZED TEMPERATURE CHARACTERI STIC FIELD 5 [0001] Gircuit structures and
passi ve devices. BACKGROUND [00021 It is desirable to provide decoupling
capacitance in a close proximty to an integrated circuit chip or die. The
need f or vsuzlds/e@pEci t ance i ncreases as the sw t chi ng PCTASeMe/BN8B7cur r ent
requi rements of chips or dies becones higher. Thus, the need for a high 10
nunber of passive conponents for high density integrated circuit chips or

dies, the resultant ingEISRATED TIHIN FILIECAPACIPORPI i nted Wi ring boards
(Pye) . and 2 i1 enfirh dbBNTZEDTEAIHERATERE ErAleaCYERIsficoatler Lz range are

anmong the factors conbi NCr €ase ~ pressure on paSS|ve conponent s
surface-nount ed on package substrates or PWBs. By incorporating enbedded
passi veggpnponents (e.g., capacitors, resistors, inductors) into the 15
package substrate or PWB, inproved performance, better reliability, smaller

footprint, and .| ower cost can be achi eved. [0003] Capacitors are the
predonm M paddichis STHRESH %ﬁﬁmﬁﬁm Ytircuit designs. Typical materials

for suitabl e enbedded capacitor conponents, such as pol ynmer and high-
di el ect BACKGREIEWD (hi gh-1c) ceram c powder conposites or high-k ceramc
powder and 20 gl ass powder m xtures, are generally limted to a capacitance

density t he order of BRI EF
pescr PR O b8l KAV RGBT R R atte b SUSIGRBUAM 0 PR CE of
enbodi mantgated bikculit&hiprm dien (The n@5 fohscl vgpatijanapipercesss af the switdhéng ol | owi ng
det ai |l ed desc and onpany.i.n r i n which:
{00051 Figaes s PienOR ERERBE St & B fier CRER L S Pk 088
eﬂbpdinﬁﬂ@b@%ﬁ@amﬂhm@mQMmdmEMﬂﬁ@kamﬁqguwgahﬂemhntdmmumﬁmmghmn a printed
cireuit or wWrin 006/ 1041 06/ 0125 0006] Fi gure
5 G hove MR SeRSEE R R £ SR bora IO oSt 5&8?@% ot at e of
Figure keqlddfRdh thé Bunegigalieseiighafe AnddE AeeBolslcombingly th drcrdarg @ capaci tor.
pressure on passive components surface-mounted on package substrates or PWBs. By
incorporating embedded passive components (e.g., capacitors, resistors, inductors) into the
15  package substrate or PWB, improved performance, betier reliability, smaller footprint, and

lower cost can be achieved.

[0003] Capacitors are the predominant passive component in most circuit designs.
Typical materials for suitable embedded capacitor components, stuch as polymer and high-
diclectric constant (high-k) ceramic powder composites or high-k ceramic powder and

20  glass powder mixtures, are generally limited fo 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
25  thoroughly apparent {rom the following detailed description, appended claims, and

accompanying drawings in which:

[0605] Figure 1 shows a cross-sectional schematic side view of an embodiment of a

chip or die package sunitable for mounting on a printed cireuitor-wiiing-board=




[ 00081 Figure 4 shows a schematic side view of a first conductor sheet
having a 5 dielectric material having a first tenperature characteristic
deposited thereon. [0009] Figure 5 shows the structure of Figure 4
following the formati on of a second conductor on the dielectric |ayer
opposi t e Whaooe/ixwsxl conductor. [0010] Figure 6 shows Phe/USeMeeR2e8’7e of Figure
5 following the formation of a different conductive material on exposed
surfaces of the first conductor and second conductor. 10 100111 Figure 7
shows a[@ﬂk}en’atﬁlﬁlrﬁiﬂéﬁow& LWoGiseatichhY shertniodide tviiw hbepackhapeistigstrate di el ectric
mat eri al _having a second tenperature characteristic deposited thereon.

[ 0012] Pfﬁ@?‘éeg shows the structure of Figure 7 followi ng the formation of
a second conductor on the dielectric |ayer opposite the first conductor.
[0013] Fiogur e FigheBsicididesd frucdsufiew 6dr fbingg & cdpadiadr] owi ng the formati on of
a different 15 conductive material on exposed surfaces of the first
conduct con onduc . 00141 Figure 10_sh a.cross-sectional
schenat i Joo@l de \}*r s zb%liil CS&‘%B@W 3{%%5{?93%%6&?%5&%11%%? Y substrate with
a st pucidideetrkfmdtergl bevite afitt hperaturdcaticerigic depetiteé théreosonnect ed to

opposi te sides thereof. [0015] Figure 11 describes a second pr ocess fl ow

perform a aci gur e sho p view of a
ceram c[@g%]en Rt ﬁa?/w%% g %%%)8€¢lﬁ6ref4ot%’ﬁo‘gln§%€erfg}nrlfﬁmflgg%[ Igure 13
shows acerdosisr setit idshatricdajee oposice thi: dest vorehetof. a first conductor having
the ceram c green sheet of Fi gure 12 connected to one side thereof. [0018]

Loure RO RhNE GRSV el AR 3L OO AR o RbRAget T o0 of 2

25 seco eram<T raterla en| ng [ rs ceramc
mat er i akonddctiv® 20861 bﬂ@@b&ed%ﬁlﬂfbddsaﬂmelf‘maaﬁlﬁctof f0s8donBicgudvetot.5 shows t he
structure of Figure 14 followi ng the connection of a second conductor to

thea 1 CUth | AR EODORLLSSRLALE oS! (3R dpRORkS, 1 e f11 st

conduct [ 00 ruc ure foI | owi ng t he
intr odudieleomcmﬁataxal Ea\dmgef Enmmuempmaiumtahmvactﬁmtmrdlepds:t@:hthenepms ed surfaces of
the first conductor and the second conductor. [00211 Figure 17 shows a

backage, St 1 g ASh A A fhchOl S ARG T USH A6 flon oFh BER1 16 coupl ed

to a di SI de
conductor on the dielectric layer opposite the first conductor.

[0813] Figure 9 shows the structure of Figure 8§ following the formation of a different

15  conductive material on exposed surfaces of the first conductor and second conductor.

[0014] Figure 10 shows a cross-sectional schematic side view of a package substrate
including a core substrate with a struciure of Figare 6 and the structure of Figure 7

comaected to opposite sides thereof.
[6015] Figure 11 describes a second process flow performing a capacitor.

20 {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 o one side thereof.

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

25  second ceramic matexial in the opening formed in the first ceramic material.

S




100221 Figure 18 shows a schematic top view of a package substrate having
capacitors 10 fornmed of dielectric material wth different tenperature
rating. [0023] Figure 19 describes a third process flow perform ng a
capacitor. [00241 Figure 20 shows a first conductor and a second conduct or
each haviigpdftmg forned t hrough a thickness ther @RT/USHOGPBIS7Fi gure 21
shows the first conductor and second conductor of Figure 20 having 15 a
coefficient of thermal expansion (CTE)-matching material disposed in the
openi ng$0019][ 00 FadurEil§ shwevs2he sthmm dsﬂiﬁgdlierlétfolhmrinmme@ommﬁbnsﬁ(aond conduct or
of Fi gure 2 onnected..t.o a osed. on op si de f .a,ceramc
mat eri aP°°° f’éﬁ%ﬁ % lﬁ;ﬂjb% (F Ld}elceﬁ?%]u Ha 59189%05 eﬁ;‘ﬁf&%s secti onal
si de vi emdatioAn i ntegrated CIrCUIt package that can be physically and

el ectrically connected to a printed wiring board or printed circuit board

of an  Soafl rotrefe R HRefe R e SR R B RRgR a0, P

hands heﬂﬂferalewﬂncmemténal oﬂw;rpekeasarfmmiﬁhe ﬁﬂtc@m}udeﬂmahe( ecgpd, cel lul ar
phone, cordl ess phone, pager, etc.), 25 conputer-rel ated peripheral (e.g.,
printer 29U %8hner | nonitors, etc.), entertainment device (e.g.,

tel evision, radio, stereo, tape and conpact disc player, videocassette
recorde[nozi\]/PS Fighe 20 Sl vk b dlda g PGS G2 D26/dab2507e andvbd stomtuRi @t ur e Experts

G oup, UdIO | a etc.), and the like. Figure 1 illustrates
t he pack&y !\é %I:Reld?{%)f‘g )d/%soﬁfhﬁﬁo onputer. [0028] Figure 1 shows el ectronic
assenbl y 100 including die 110 physically and electrically connected to
package[medjst ri‘ﬁ@rém&sh(ﬁisa stidnatis tarviewmbegpakegt sobstatd tavoligeapsiiah 5 as a

pro ssqor_die | ectri 0 nts contact pads on a surface
ﬁ? g dgﬁ%ﬁ @8 Idwﬁb&‘gfcrc?ﬂtpatgp%rﬁ'ﬂg r?%ﬁge 101 through conductive bunp
Iayer 125. Package substrate 101 may be used to connect electronic assenbly

100 to [@ORHt ed Figure 119 tledonbusa thiBDprocessifbw psrfarnmmg heapbatrd or ot her circuit
board. [00291 In one enbodi nent, package substrate 101 includes one or nore

capaci t @'mﬁoam %1% 2 OiRvvs Rl %&?ﬂta’r gnci: a Kbty Jondedi‘&‘%ﬁ&?ha%H%g%Eﬁ% 101

i ncl ude ructure 1 capacitor structure dded
t her ei nforﬁacfotimugbraﬂsmknm&u}:lmeoﬂ40 and capacitor structure 150 are .connected
to opposite sides of core substrate 160. In another . enbodi nent, capacitor

Struct Ufsh40 fighE 2PARI e AR RENS LRGKEDrARG0S TiARe 2D iz -

15  acoefficient of thermal expansion (CTE)-matching material disposed in the openings.

[0026} Figure 22 shows the first conductor and second conductor of Figure 21

connected to and disposed on opposite sides of a ceramic material.

DETAILED DESCRIPTION

20 [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.),

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

(e.g., television, radio, stereo, tape and compact disc player, videocassette recorder, MP3

[S5]




other. 15 [00301 In one enbodi nent, core substrate 160 is an organic core
such as an epoxy including a fiberglass reinforced material, also called
pre-preg. This configuration nay be referred to as an integrated thin film
capacitor (i TFC) system where the capacitor(s) is(are) integrated into

t he pack 2%®%§¥Pate rather than, for exanple, an i M@FeYWeP1258et ween t he
di e and the package substrate. CNerIying capacitor structure 140 is

adhesion 20 layer 175 (e.g., silica-filled epoxy). Underlying capacitor
st r uct urdoliso Picgra ikt Groupapadio Leps 3) olaper) ¢ip- B\gnédmécpoﬁlguag/br 175 is

buil d-u Y, ayer 185 is build-up layer 186.
Adhe5|02H+%§%%m%%%maﬁpggghég?%ﬁﬁﬂgyer9@%& act as adhesion layers to the

overlying and underlying build-up |ayers 176 and 186, resPectlver Each
bui | d- uptézply erFigyrelLsdews eleetmais aseemply 1opgeding ﬁl&dé@phsfsma gncer al

trans ateie%&m&’l{ly &%ﬁéc@&ftigj%ﬂgésﬁgt}a\f\@ e ‘i'i(?m%%%%&e@%gc}ﬁﬁ%‘?e Sigstrate 101,

and package substrate r|nt circurt respectively and
t ypi 8al laya gmlcdmr diesElstiries cantacd) poingyeg., coffvet palyicon sneghe ofipiedfl0) d1e

conblnatlon of .l a 185 75 eferred to herein as
Funct | oxares8 9 Pl sursatey OE ok ond iy EMoaabior 127 SR G 2 por ¢ on

of fu ncmubsrraﬂe 10brey b20sed30 cﬁlmnﬂtele@nahc en6rebly 200 tonglntdieicoit BoasdibEY r at e 160
havi ng a _thi ckn on the order of 200 mcrons (m to

700 m ¥ 8€’ﬁzﬁf’ﬂ%‘}?ﬁ‘g&‘i t"lf"‘&g? ubstrate 160 4 WD 20061110411
PCTI US20061012587 has a thickness on the order of 200 mto 300 m In one
enbodi mgHegl corleosubslicdabent, pabkage mdistrate $0 CinrimddsGie os uole capaca‘atogl ass-fi ber

rei nforced. e and su arti fi.ll ed epoxy.
005y SEfaERY erfng i BiRnret poeBt Sitwes By et s BR iy SpSubad Super T al o
160 (a hﬁ)cpcap5c;1ﬁir slezchge \IS(Bmle)ddecﬁh&&ﬁll tCapacsior Mﬁicttﬂf@l%dlcﬁmlciﬂ@les first
conductor 210 oxi nal t core E%% ateléGO ag‘&)C g conduct or 230.

Di S pos e U HEHRASHEE CPRClEd HRRROHIS S8 0BG o JRanuRsT 230 i s

di el ect einBodieR, baphcithe Grudhad 340 4@ capdoitbC1 I0BayleGtdcBeCHBNAGHES the  an
opposi te _side of core substrate 160 (a bottom side as viewed) and has a

S|n1Iar°ﬂ@bnf|gurat|on of a dielectric material disposed between two
conductors. Overlying 10 capacitor structure 140 and capacitor structure
1501 9f foesmt i on@bncafitdiddht (ot mbdas lﬁoﬂs)ﬁﬁdrg@@&(ﬁ@&wha@blﬂ@o&@r e substrate

100) 1 yRiel o harer e and adheel o Layel 105, Leghectively, mde of
referred to as an integrated thin film capacitor (iTFC) system, where the capacitor(s)
is(are) integrated into the package substrate rather than, for example, an interposer
between the die and the package substrate. Overlying capacitor structure 140 is adhesion

20 layer 175 {e.g., silica-filled epoxy). 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 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

25  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.

30  Functional core 120 includes coresubstrate 160-having-a-thicknessyironeembodient,

on the order of 200 microns (pm) to 700 pm. In another embodiment, core substrate 160
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t hi ckness on the order of 10 mcrons (m to 50 m Build-up layer 176 and
build-up layer 186 of Figure 1 would be deposited on these adhesion

| ayers. As noted above, the 15 build-up layers may include traces and
contact points to connect package substrate to a chip or die and to a
printed Y9 eWWptithdard, respectively, and sol der resi SCTASHQ6/PBRE7| ayer .
[0033] In one enbodinent, first conductor 210 and second conductor 230 of
capacitor structure 140 are electrically conductive material. Suitable
mat er i alhss a thidknels onhiworwef P pm fté Eﬂ{henl Togne ambbdikeht, osre autsoppes0 mat eri al .
In one ¢ al 220 is terial having
2" o ot RN REG ek el S e PR Rea Ao g, BTl F55RE Fattital o for
di el ect phgicheilRbiepdxy220 i ncl ude, but are not limted to, bariumtitanate
(BaTi ), barium strontiumtitanate ((Ba, Sr) Ti ), and strontium

titanat rTi 003 e ment acitor .s ture 140
et el T el et DR St TR e SRR SR L G i okness
on the @fdd af vmﬁvetao apicdtob@rugturanid itkiledee Gitst candu@& MR 6kifmb] tBZGrgof a hi gh- " k
ceranic i a thIC nes t he er 1 m.,t and, in another
o aMEuBh o sefond Seh AR 320 Bl HE Eriptgnitdor s B s ihnoal ment - 1o
similar sécong a&@‘ﬁbtbﬂm(ﬁ& ﬂié!‘ebtﬂlrc%ale‘}ﬁl 2200 @3pdcitonsthRere 006 comRtte@fo f uncti onal
core snown i gure Cca citor truct ur e I NC u es overl ayer

120 sh 2, 62)3 140 | ud | 240

on secodB OB Eop! DRSS | (e poitppsi %aSa‘ﬁeW@ba U GIHPilaE| ectrical iy

couduct i.ggidudiigh vf M aklcaiRRemUSi§slztdbcdhchint alkBcoRe R eagnend conduct or
230 is a material that may not be co;ggtlble or may be |ess conpatible with

5 WP 2008y snucimettAlapdaerarpsarturehilatifacson coede@ s sidgs oper ati ons to
whi ch f ypciciionals Gah fc&g%b@@é@%(ﬁ)fspmgﬁon ERE 17?5@&%&1@31@3 y@ngsenbodi ment

second conduct or Is a nickel "materi al render uncti onal core 120
trans par@mctlvdyswb@@@mxapmbe SLYEIC mp@n@ltaané havieg 4 tepragentithiee wit h

mat er | agﬁcﬁgss"éfﬂ't@‘org&rb‘ftlb%%xgI@Hﬁ tc;l'g(p ?éuﬁ&uﬁga%glsf"% an@ Hifid- ﬁ% er 240 is a

copper materi a epr esent a ayer prese may have a
t hi cknegenBotai@igmred rwoclfd beadet)mwetﬁmmﬁl@wsadh@s@m:i@ﬂerﬁ @m@edzabsm\ﬂ@ a nunber of

congduct t t hrough funct.ional core t 2n surface 280
andﬂgur k L\ﬁ?d"l\%%gergﬁl irmce%gue%%tﬁaa Pve C?ntacp%(aﬁtgfﬁ? Ve E\:/clt %’%%e Ey §1a\9€onduct ive via
260 ar eclapecticiagdld yprooniductit beardmatspediatly, 408 .sglder egppen tqr lagdrl ver) of

sui tabl e 10 polarity to be connected to power or ground contact points of

di & 110ay0 - 1 BEOHG GARGHELINBRYIR LRGEnd B o RS hpiRdS on the

structure 140 are electrically conductive material. Suitable materials include, but are not

linited to, a nickel or a copper material. In one embodiment, dielectric material 220 is a
20  ceramic material having a relatively high dielectric constant (high-k). Suitable materials

for dielectric material 220 include, but are not limited to, barium titanate (BaTiOs), barium

strontium titanate ({(Ba, St} TiOs), and strontivm titanate (SrTi03).

{0034] In one embodiment, capacitor structure 140 includes first conductor 210 and

second conductor 220 having a thickness on the order of 20 pm to 50 wm, and dielectric
25  material 220 of a high-k ceramic material of a thickness on the order of 1pum 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
30  optional electrically conductive layerthatmay-be-used-in-an-instance-wherg secord

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

5




conductive via 250 and conductive via 260 extend through capacitor
structure 140, core substrate 160, and capacitor structure 150. Conductive
vias 250 and 260 nay be insul ated, where desired, from portions of
capacitor structure 140 or capacitor structure 150 by 15 sl eeves 270 of a
di el ectrwD ma¢/av41al . [ 0037] Figure 3 presents a proc@sTUBHOAHIRHIH ng a
portion of a package substrate including a core substrate such as core
substrate 160 and capacitor structures, such as capacitor structure 140

gnd C?pﬁfaﬁrﬁrs olgpfddsstsmrgeapé@@answw@ia@ﬁmt@as?des%mfnajz heexposed. Fobst r ?t e.
pecifically, Figure resent rocess. for. form ortlon of a
package® HABHPR @zﬁmﬁgmﬂﬁge@&gamdﬂe WLFF\HH’?{‘FW@W? ’?% mat eri al ,

sel ect egynclihaPB&e ePPRHPRBt to Meﬁ@rocb&ﬁléc@@ﬂﬁéﬂtdﬂb&nﬁﬂ@l@sﬁﬁl@r istic of
the ceramic material. A capacitor structure, such as  capacitor structure

140 andPsierighpawiich funstipnnl core 428 may hasrngecds pYRBrer 240 isafoRPZepar at el y

conngct ﬂﬂte&ﬁ % %&M&ﬁk&%@m&?& 246, DHEGRS, 4na9 hERONL{RAEB b BR RILGESSEs in
connecti on portl ond of the process flow described in Figure 3. 25

[ 0038] E‘-rﬁ%mecr@nsbodl ment, ceramc formulations for use in a capacitor
structure have a gener aI |y stable tenperature characteristic. Tenperature

char act tic g{{l@‘; % El.get hidREY Rlnkli@Rl AR$OCi ation
(ETA). g{)raclagé@l’rlgzgﬁ%{rc as r?l gﬁgﬁgctr?cjg&m(nfgﬁtc | udi n )1(7R X5R, ZFU and

Y5V), t A0 batwean wyfatsABiand burBice 290 HReprasemittivielynpandagtive e 2§ gt at i ng
tenper at W R ERNGP2601RNE 1S 9.3[1‘1% cb ﬂ%lﬁéﬁ&ﬁfﬁ? ?P%ﬁg droMifveSlorkfi@oRPer ati ng 30

t enperature range, and t cates |rrum capaci tance change
al | dved polvety to e WONRGEOLIL PLOYrdr @@hﬂu@@t@@@b@mﬁ@m ll0Hegopeeughi ng t enperat ure

range. ELALYRSBSLANa 01 60058aI BLuch Asibud Bl ARSubhd: i el ectri cs

are shown in enperature arac erlstfc Codes for
Cl ass | botlubtive vii 20emt] cowBictiteons I@ﬁ}&u&tﬂnmmﬂ-dnagimﬂieﬂpem Algcavlxi num

LA 01 aoborepEged Sty S bF 10 SRy R ioRo TR RAT, ATy
-30C Y +hbE ddsied Yo pbitions Safkpatitd:Biitictnrel 42%r Cagatitor 50udBize@58b3% D | |

15  sleeves 270 of a dielectric material.

[0037] Figure 3 presents a process for forming a portion of a package substrate
including a core substrate such as core substrate 160 and capacitor structures, such as
capacitor structure 140 and capacitor structure 150, on opposite sides of the core substrate.
Specifically, Figure 3 presents a process for forming a portion of a package substrate

20  having capacitors with different ceramic material, selected, in one embodiment, based on
the temperature characteristic of the ceramic material. A capacitor structure, such as
capacitor structure 140 and/or capacitor structure 150 may be formed and then separately
connected to core substrate 160, Figures 4-9 show formation processes in connection

with portions of the process flow described in Figure 3.

25  [6038] 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 1T 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

30 temperature range, and the third indicates the maximum capacitance change allowed over _
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5 [0039]

Figure 4 shows structure 425 of a first conductor 410 of, for example, a nickel

sheet or foil possibly having a layer of nickel paste on a surface of first conductor 410 (a

top surface as viewed). In one embodiment, a nickel paste 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 X7R (or X78 or any other temperature

appropriate for the application) ceramic green sheet. In one embodiment, a first conductor

410 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

XTR (or X7S or any other temperature appropriate for the application) ceramic green

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

10

sheet.
15 100401
20

constant, k, on the order of 3,000. This material may be selected because it has a generally

stable-temperaturecharacteristic(Croom temperature T10-T5%). One reason for the selection of

[OOfT Referring
i cond 5
e 5 shows




simlar to structure 425 in Figure 4, including second conductor (e.g., a
ni ckel sheet or foil) 430 having, for exanple, a layer of nickel past
formed thereon. Nickel foil 430 is lamnated on top (as viewed) of
structure 425 in order to formstructure 435 in Figure 5. In one

enbodi meNtQ 2046/1§04dt conductor 410 will be nade of N P&TARHOGHEE which

w Il have :LO ceramic powder (e.g., bariumtitanate) additions in order to
provi de an adhesion to the wunderlying X7R (or X7S or- any other tenperature
appr opr a ¥78 d‘zﬂéctﬂuhe tlmn fHei cagdcitarsircteredwing fomped avill bh geditionkd onadicenbodi nent ,

foll ow n tio cture 435, i s, t hernal tre to burn-off
organi c® g‘i)ﬂf ageRuf r&% eéet ?/ggfIVCItOéS?Wé‘Fﬁgiay#g’éﬁo aiﬁoq\’l%hl d involve a
t enper atewfpRrahidede. gQforeafiP taf 1660Q% for a duration of between two hours and a

day. 15 [00421 Referring again to Figure 3, follow ng the formation of a
di el ect nduc mater i osite structure
i's subs@&%&ntl éré‘fg-tPﬁzL g ﬁcﬂo‘gmgltﬂéedi'ﬂ??%tbo O?ﬁﬁgrﬁﬁlécflgatenﬁb% ™% 0 density
(e. 05, temuesr kdepsied ar@e eaaniynainal (Hn@kgae)emlgmashomdnmtmes past e

| ayers si nul taneouslaé (bl ock 33 Once the heat treatnent is conpleted,

the proHder Risfrrctig s &, Fiengs ‘ém@mgemqnﬂw ucl9z (&gt W&“%Fﬁ%f’eh%’ndl i ng

pur posegil) ansihwinlgd, fe2@xhame, aala:y%'f'f)fﬂuﬁlte@ﬁis't fbrﬁem@reah CNegtirfug4sr 8. 100431
Fol | owi ng heat treatnent, the method of Figure provi des, as an opt i onal

oper at i SInA4kaN top EsFievtsel WS@PC%W @R oYae tg é‘?rfnaf'é‘é“’@fe P dn Figuge S-conduct or

and t helrﬁcﬁfé%%odl%ﬁfjH?ﬁﬂ%oﬁfu@to?@ﬁjﬁﬁll ik fye Br St Bl6f @RE, RLRE Will Bale! ¥
conductive material (bl ock 340). Figure 6 shows structure 445 where two

copber pagsicpondudese brriwe fesrtaddiinns bprie i povidem sdewon odbes of
truct 0
struc U{ugi ﬁf}ﬁ’lg ﬁﬁ%ﬁ%gs Yel oﬂ%’ a'ﬁﬂé’ F{Eé)l ép‘%&t@fafithg gg;ﬁ%:éttn%rglé%m@ are

deposite n-one ‘e di nent, trol ess n followed by
subsequewtn sheelp ds pind @ﬂmdment,é’slbe’atig mlmpfl,as@'esﬁl@f%é opipenmaby tredtedt r opl at i ng

to for ”@%%P:Péffo Xﬁrcofx‘t%xq k%g%gs%gtﬁﬁfe{lly a%%e?%gﬁt?e%%megﬁ)%ﬁld il BYRl, 440 and copper

| ayer 4 ew m Ccrons.
Al t er nateinpetayyre angoeifd0 tb &YEEC fomydibgidhef bedcbytvaddposiani ngam 30 copper paste
i ncl udi ng copper particles and sintering the paste. 8 WD 2006/ 110411

PCT{ ¥52@9%012§§1%m{gt0ag%]m FRARES, GRALLDGhe TG, BEPLERALE Rgpke L he

capaci t tructure trans se uent processing operations to
vx,h| ch tb@wmdmmnﬁtm theeomposacepiamwgﬁ ssbdsguandy dcathmploé irexposed. In the

exanpl e ere f| t cond o n con n ni ckel
material®, 10 AR She]fe 3 or(#? Jen%é’ §??d31 &l 0 agoa e‘}%‘,? 5%9{1%% Iéel??f ace of
t he fi ratd mekel ﬁas&da}mmblmomcas@r (bluick B3@. Qmp@é:le hp®tteninght is completed,

the product will have sufficient strength for packaging and handling purposes, and will

20  have a sufficiently dense microstructure.

[0043] Following heat treatment, the method of Figure 3 provides, as an optional
operation, that one or both of an exposed surface of the first conductor and the second
conductor are coated with a different electrically conductive material (block 340). Figure
6 shows structure 445 where two copper layers have been deposited on top and bottom

25  surfaces of structure 4435, respectively. Copper layer 440 and copper layer 450 are
deposited, in one embodiment, through eleciroless 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 méy be formed by depositing a

30  copper paste including copper particles and sintering the paste.




[ 0045] Referring again to Figure 3, at the sanme tine, before or after the
formation of structure 445 (e.g., a capacitor structure), a second
capacitor structure may be forned. The second capacitor structure would be
used in the formation of the sane package substrate. The second capacitor
struct ur &YORWWeipdrl nay use a dielectric material (e.R§T/USH040126%r am C
material) having a | ess stable tenperature characteristic than the
dielectric material used in the formation of structure 445. In one

enbodi mget44] a disphaeciontig: Mm@t ierdesilabldtasnaiie the sspasttabitmctietpesmtay ®
characterjstic and a higher djelecgtric canstant. Referrin Table 1, in
one embSHSHEIFRE Pracestiig 1087 I@E@?%ﬁcﬁpﬁ? G layctyrg oﬁapﬁ:f%a@%élﬁsgﬁeri ¢ having a
t enper atwhyBelkRpdstd Bfthe dakipleOvitBGsedddtdtiied ead eeendondicantd3daret he order

of about 15 20,000. Representatively, a capacitor str%cturﬁj@ffor nmned with a
Y5V di eRakel matpraldpr %amlt%@%ldﬁ%@@eéﬁﬁﬁéﬁq eXPPfRd srtace i e 155 %8 package

subskr algond BQMaLio? RitkRSoRPRGAmNt of form ng a capacitor structure, the
processi ng operations described with reference bl ocks 310-340 may be

foll owed. A sheet (e.g., fail f first, conducto terial having a

r epr ese@4th ve Sefiinmazg t@rF‘%‘zfégo?t%‘?rsaE‘F vlée:}%\rle Oﬁ?%?g%st%%&]fﬁo ens of.

M Cron, girScriteQYs ded, Aspadiot Rhictidd), S3:0&1T @bLRitofsteRiuadingy bafoaneédl nay be
deposited to a thickness on the order of_ one m'%ron or Iﬁss onto the first
conduct dhe e RAP3EBY sirgiyga meuldpedrshia thefpiration 8T PSRBT of first
conduct gﬁbs_?rgc@z Fﬁ@gecmﬁ&tm &Pl%cﬁlrél'hﬁ%@d'erﬁﬁﬁ%ﬁise QidiRdc mBasI(d.y2 having a

| ayer of nickel paste on a surface of first conductor 710 (a top surface as
vi ehed) cemmiconeateratblntingsiess siablsi terparatpgsheragtenasic i the Haldteer ani ¢ powder
(e.g., | iff {nb 2 Ha LEhQDSs | BlbolitheRf, QUiclRrRMmAGRESsi on | ayer
bet men%?aﬁééﬂt%\%gr"f%ng nﬁ%:rkgﬁq?%_t}nlgq a'ngl_(?{re\g ‘sgolr]-et 0- béa- dépos_i ted overlying
Y5V gr edas s lvewitabld iemperstuentiodiciedstic and athighst dieleesriel oenstant. Raderipg 10 be made of
Ni green.sheef, which.w.ll Fan SR bar.i titanate)
't ooty BropbehBlotlent o BRI RM AR £8y Bt R Tt e

over | yi mgnpébdture extagiof -2 € en-+&1T€end a diciCtrRQO64 4t 04 it BETPU8RB06/ 012587

00471 Ej e.7 sho tructure 425 with cer.am 5V
Rk e B B R G i U e S R
in one eshRdid@PbsiteitBe dik aide B4 patkase satstrateder | yi ng ni ckel paste | ayer.

[ 00481 Referring again to Figure 3, follow ng the deposition of ceramc
mat eri al

TELST! 2, 1t P BB %nsd SRRV SRR S ppmealhed (b1 ock
havi ng dewkibdewitiprsirendeibbdcis 3 F0ed40 regderfdileodd dctheet (e.g., foil) of a {irst
conductor material having a representative thickness on the order of several microns to
20  tens of micron, is provided as an initial substrate. A ceramic material may be deposited fo
a thickness on the order of one micron or less onto the first conductor (block 350). Figure
7 shows structure 725 made up of first conductor 710, for example, of a nickel sheet or foil 7
possibly having a layer of nickel paste on a surface of first conductor 710 (a top surface as
viewed). In one embodiment, a nickel paste layer will have ceramic Iiowder {(e.g., barium
25  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.




730 lam nated on top (as viewed) of structure 725 in order to form
structure 735 in Figure 8. In one enbodinent, follow ng | am nati on,
structure 735 is thermally treated to burn-off organic contents.
Representatively, a thermal treatnent would involve a tenperature 10 range
of 300 t VBYOEIPGL a durati on of between two hours amgTASAWG01258J049]
Referring again to Figure 3, following the formation of a dielectric
material between conductor materials, the conposite structure (structure
735) is [mlslblseqUHgﬁde)ﬂ shewt stnichﬁﬁ#ﬁdvﬂtﬁbammedhyeﬂmcﬁ‘hmpﬁteér&hba order to

densify the.c reen.s t an nal nickel ast

ool t AT B e, D e ea et ol P e b e R IE RS of 15
Fi gure Mﬁgﬁdﬁh@@lmﬁﬁﬂﬁﬁgﬁﬁkﬂgaﬁélagﬁeratI on, that one or both of first
conductor 710 and second conductor 730 are coated with a different

el ectri uctive, materi al | ock . 380 re 9 sho structure 745
v ng. QO ARG TR Jel TP Re e et iR RS gdnd bot £ om
sur f gcedirflotduetos tarsiind céndléfor 1srd@§d%ﬁ§d (b‘i&ﬁk%@)@l‘ﬂ%ﬂé 8lsBy RS strdfire and copper

| ayer 750_nmay be deposited, in one enbodi nment rough el ectrol ess

deposi t i’ onslaF QsiBYEE 78y oEFisare Hbaving anickehpasirgHcle! f%]i ERWESENBRIF he or der
of a fewsaahiQnst onlt9PRR Lle%%ﬁpéﬂstrn&uﬁe@zg CordBH %ﬁfmauﬁm@ iP Fighppaci tor

structure 445 (Figure 6 nd capacitor structure 745 (Figure 9) may be

at t ached- {Rong cighogimgih QIF%(YI%S lagiinafion straguis g2 i thermeBy éeaj orErel as
di scusseg,a Qgﬁeﬁtp IR cs@gtggivel)l Q i Sal8%a gﬁéln?vv%lg 1ﬁo@e%qgk§§t{(aﬂléy er overlays

a conductor, the co& surface may nee be roughen by et chi ng)
in 28 orahee Of’@oéﬁlﬁﬁ 1€aior afiratan Gibetweee tvd purdraedeale®. where there is no
overl ayi ng copper |layer, the conductor surfaces nay need to be roughened

(e.g., lo4gtc hR@@llﬁé‘ag@ﬁﬂ@ FiduRe STOANGE: tﬂe%%%h Bfla d1|éf%9§111:]ma't:é1ﬁp£12510 shows

structure 1045 including core substraté 1010 aV|n? structure
(capaci befFeen soudeaerayatenids, Srercguposite srudure dupaiere B5) stsnbremeandy heddni nated to

opposi t g.3 ﬁ'aq‘@&lcgifg aﬁﬁSs%héfE EHGLMIE J.iQrils‘fg) the cg#alnﬁ% pacﬁf&%hi f rt he

capacitor Strdchuesto a core substrate to age su strate 1045,
t he pacRild pesibkiyera sigukgyeoyely falodkel’Ab F lowogkheatltGandn 0behathodafl

PCT:{%’SZ%%@/ %ﬁﬁgﬁef %§9n oﬁio‘& r&el%llo it ﬁ&e{‘&ﬂb%&%ffﬂ&%%ﬁ&d@koﬁg}&&%r ations, such

as nmecha esine
| i t hogr sgshyd raundu@mp’fﬁerarqﬂoated mgthaphff@ctﬁt@mtmslhdcandum‘za matamah(@tqcbn may be

enpl oyedenERC Clt StLr ur.e na attern form

i ndi vi dgaq) ﬁaééﬁglg rs. Cmre ’Mﬁrh?vm%co gral % 7%?% O@%@/"'%Zﬁ her incl ude
bui | d- upetosiyedros top mfd t@nomrsgﬁ”ﬁnee; oftat etrucaire (45, eespeceipdyy Coppeg lagsiS740

particl & c{ copper(iiayep 9%@/ Ihay ont (?epgsr%t%d Sirlil oge enabo%lrnent through electroless deposition

20  followed by electroplating through a thickness on the order of a few microns.

[0050] Referring to the method of Figure 3, capacitor structure 4435 (Figure 6) and
capacitor structure 745 (Figure 9) may be attached to a core substrate, 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
25  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
4435 (capacitor structure) and structure 745 (capacitor structure) laminated to opposite
30 sides of core structure 1010._Eollowing-Jaminating-of-the-capacitor $traciurestoa cote

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

10




[0052] Referring to the orientation shown in Figure 10, the package
substrate is provided with structure 445 having a ceramc material with a
nore stable tenperature characteristic on a die side of the package
substrate. Figure 10 shows package substrate 1045 having die side 1050. In
one enbodYXee/110&8klr uct ure 445 of a capacitor includi RETAN20DEVIRFR ceram C
material is forned on die side 1050. The X7R should provide a flat
tenperature response with respect to the dielectric constant at room
tenperaBﬁ&étheGauS@ummmmhl@mhﬁmnﬁﬁﬁmume sichbs medhpnichleillgmpadilingr shoul d

provi de_sufficient char t a relativel l.ow | ogp indyctance, relative to
Ehe. cap ROl T Pind s Bl id ooRel PIARE SoFons Fdin Yr 0op uses.

However forhiagoitingy B@@mpmy&lorm&tampacd@r st@fen®é fodf higs Be fatforri¥BYo oo be as hi gh as
15 desired.  The caPaC|tor of structure 745, alternati vel |s selected, in

one enbdivid capagitory, & gompletipgrlaga plsrataman fusther igghide puildgmarest e, si nce
t he tOVV%faxp&r[ﬁédz@ﬂxaféﬁalt(l@% sphstor %Ia@s et HRE pb AN ROLE Hbdgstet han the top

portion whi is closer to the heat generating Silicon die. In this case,
structure 745 i s _suitable r second droo eratlon where high inductance
is not H95Fri t.%%ﬂln@@é&@y%@%&l}%n Fimve, 10, peckage SHARES mmt er i al wi th
a 20 rebakideehimiiehuiab asting @c&ﬁﬂi@%@a’f@ml e a eed sthdle %@@ﬁh&@nce of the

package substrate (structure 445 plus structure 745) is hi [0053] In

t he abotkersiasishs apntic silsok Hgoadine subsicde. 119g5r e Wohoyebrckags 4 f’rt@tec apaC| t or
struct Uﬂ&%vﬁllgm?éélc@lo%bdﬁ?mﬁfm{bﬁ&n%? Ki@Qfure 145 ANALPRL LRI , multiple
capacitor structures nmay be placed on one or nore sides, suc as pl aci ng

mul 19 pl &7B&peaelic waters lgfqrmdmélg s i1 Y- AbgeRedouiderovadees fladl  havi ng a
stabl e ¥%[£Q$xﬁtﬁ%lé€s€on§€%§tﬁ9é t?&t‘hgdi(ef%[:%B g Zlnls;g&?X‘ﬂoérﬁ AL e ezl 5% on die

side 10500 age substrate ure resents a second
pr ocessobifs ttwperamyy debjarkbgepsditys shtatcbarmsdmwfﬁcsent pha:kfaget relabwdly at e 120.

Thi's pr fFis I%gcgtﬁxlc? r%ia'a@e ﬂ%"”cﬁé& Jtl%!? %:tiu'&%%%ﬁ”%tala‘ﬁg 1tf51t2§li)?é)f%ﬁ lghgr structure

140 on ckage s ow formation 30
pr ocessémop nsesoHneretar,cthe dnetehnqooonstann kot sttﬂaetumrétdé @sy 1k m\asdagmm bed in

abl e eni dlrne t ,of form,ng a capacit tructure 11

v B0 efE T e TS, AR B bRy oo SRRaE e TS or e
enbodi npntidehigheapicignea aﬁl@p@ﬁﬂeh@éramter siatdthe loafer potipaokig eukstthxst r ate, a
green she of a.cer rial rOVI ed 2 d.a en s made
O eugh ol bR sy ineofPL G B i Aot PSS P S BrRe it oa
predi ct gid. hpthberaseynelRture s ﬂls@tastﬁdlowc@{d Rofaspsagen (hbealhl110). I n one
enbodi nent , acmamc:%e%1 o ; . .

1 uctance 18 not as critical. Because structure 745 utilizes a ceramic material with a
20  relatively high dielectric constant, the overall capacitance of the package substrate

(structure 445 plus structure 745) is high.

[0053] In the above embodiment, package substraie 1045 included a single capacitor
structure on opposing sides of the package. In another embodiment, multiple capacitor
structures may be placed on one or more sides, such as placing multiple capacitor

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

Croom temperature 2 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 subsirate 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

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

intheemibodimentof TOIMING @ capacitor structure.

11




5 sheet may be selected of a material that has a generally | ower steady
state operating tenperature and a high dielectric constant. Referring to
Table 1, a suitable material for the ceramc green sheet is a ceranmc
classified as Y5V, having a tenperature rating of -25C to +80C and a

di el ectrivoe®mdtoant on the order of 20,000. The | owerrCaiiSamyoRbEdt e
operating tenperature of the material nmakes such material suitable for
capaci tance 10 applications outside the die shadow where the tenperature
condi ti qotssgene{aéﬂiygwmgunqu memeemﬁodﬂmenttoélﬁmen@wapaaim stngturdofure 12
shows ceramc | ayer or gre geet 1220 in ta ular. formwth
rect ang@iPaf agﬁé'%yﬁﬁelaﬂ ngs, ?Eitrﬁ af?’i@f’]ﬁlr?f‘ter& r????’é‘%f 198"%8ct ed to be of
a size, nhide ARSuBNROH BB brech Wikt habredRoRePOsdiiEiodh aaearpvadaﬁddab bkor ceramc
| ayer 1220 to tenperatures outsjde |ts maxi mum gperati ng tenperature range

is 15 nivAfdithedc shadowaba piakash (iosk 11\ 0heth 1§ cbedimeat. f 67ABIF 7% porti on of

layes 1280 nmaPbE SRR Inatdrlaindt tRs ng@[fefrzﬁgf 16 s%ﬁé}}d&Wc%f)erﬁm%aC kage. One way
to formopening 1215 1n ceramc é@fp Oisth rou%i’I mechani cal punchl ng,
1 §

| aser oﬁemneu'&t@vgraa@ﬁhkghéteéqfftrwqonstwo Refte L ablp g, & witmplg meterighfor tg| | owi ng
the for Qén BBt OPLN- NG LI OHGT b8 512 géﬂﬁ%gteﬁffglgtﬂnéﬁ%ﬁ% ofhsa materi al

havi ng a |rs nperature characteristi n sheet 20 is |am nated
to a fi ﬂ@erQ?Srwd@tdmiec(rb‘l Q@B%arim@f)e orfler o ROUK G eilemertsteadhgate ubst rate is a

sheet elgtm%tﬁl%bér%tg 5 oigi'tle 1&15@&&1%@9 ﬁl&:f?%a%%lesﬁllt?dle HJ?f\f L ta%cé epr esentative

t hi cknes e order m cCro crons is provided.
Fi gupe 38plghies ostsidedhadiesibaes mﬂehmmpahtuh captlitionnghnetadly wilkd@ of , for
exanpl e,

a ni.cke reen she i cke eet of f i.bly having a
| ayer of™ ‘f‘i:’eg nghe ?tgredﬁtlrg ?L#"irsé%a%ofwsﬁmfaé EORdLELST® 35&’&3?3‘3?@% surface
25 as Viaewsshoulat formraihentieciuie openige mlskﬁme@a&t@nlawmngmﬂﬁ ishave ceram c
powder . g. barium titanate s in order .to de an adhesi on
| ayer bgéﬁ%%%mth‘?é’fﬁﬁa%r“i‘ W%‘Ejﬂb‘))ﬂ?n&%glsu?kbﬁﬁf‘t BIEPEHE °§861?1a Y%)é deposi t ed
over | yi RgratiiMa@raer0 shegferathids Gﬂﬁdeﬁ@@dklﬁﬁﬂioperaﬁn@ temieramafhng& Br 710 will

be made of N green sheet, which w |l eramc e.g., barium
tit ARat SYNiEPERdL b PR SRPOGIRR PRI b%l?d%? &H@ ﬂgﬂ lezzéoon t 0- be 30

deposi t %%&ﬁ@ﬁdﬂg W8h argeé LRI HafveSMh SloRek. Ohb gMy & hinSpese stisucture 1225
with ceramc |ayer 6 a Y5V green sheet deposited on . first conductor

1210. FFIg%ﬁTfél‘lﬂiéﬂY%lzzﬂzs M@b@@ﬁh@@&hﬂum Lﬁﬁbwdﬁm%z%we diR% oss secti onal
side view through structure 1225 to illustrate opening 1215 in ceramc

layer 12686 10G&fekrifefodmifined 1] @UbWRGHR bimatbelof avbiginghigolgd nati on of
ceram c | ayer 1220 on first
ceramic green sheet of a material having a first temperature characteristic, the green sheet
20  is laminated to a first conductor (block 1120). In one embodiment, the substrate is a sheet
(e.g., Toil) of a first conductor material having a representative thickness on the order of
several microns to tens of microns is provided. Figure 13 shows structure 1225 made up
of first conductor 1210 of, for example, a nickel green sheet, or a nickel sheet of foil
possibly having a layer of nickel paste on a surface of first conductor 1210 {a top surface
25  asviewed). In one embodiment, 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-
30 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




conductor 1210, a second ceramc material is lamnated to the first
conductor in the 5 opening in the first ceramc |layer (block 1130). The
second ceram c material maybe selected of a material having a higher
tenperature rating (e.g., a stable tenperature characteristic (Croom

t enper at (Y@200911080% ) suitabl e for use w th tenperat uPETAGAWF 128 s
typically experienced under a die shadow Referring to Table 1, one
suitable ceramic material is an X7R dielectric having a tenperature range
of - 55C wneErds? 5Cliomall side $Bwdhmhgrstmiioraldds taltustonte dfeeingldET inakraatiout 3, 000.
The cer:flm'c terial wth the high tenperature rating nay be patterned to
fit withPi %%ghi ng 1215 (see Figure 12 or Figure 13) through nmechani cal
punchi ng, laser or lithographic etching. 10058] Figure 14 shows structure
1235 i n¢lo§di ng Refarstg odfigwetlds foll@didg drdanmpigon o celaayeinyd2200 aSfirstict ure 1235

al so ingludes ram c | ayer segnent. 1230 | am nated tg fir.s 15 conduct or
1570 1 noBHERn ST acton s ERRL Moot S S iR e g

rel abi vepanidy ighhd fsperatic iger (dlockh §130).nTienecadvodiiembteriflahdydwi ng

| ami natifgn, dgfseca(r)tndlﬁonduc .01; i,s deposi Ieg on st};lucture 1235 on the
conposi T8 EN e %1‘9%%&%15 BICPEIHG TaHER (Upe? T80'C EBRE N SEr uct ure 1245
i ncl udi Bgr&RaRAE(CONIHETO+H10615%:)) sutabli Edf@ke ®hi @&mpefanrotdndafoni ckel  green
sheet) 1240 | am natc[%gpé(i)ossi wi th a nickel paste between {he conductor

bl y
and t he YPiralls pPsTIgn ot g1dje shedagy. dfedesting to Yabifeh oroswablaqerding ectric | ayer

1230. | maRigl i€ BRSGR BMotric AR QbASerhiBfiriali0®55°0 ks UBangdd245 is thernal |y
treated to burn-off organic contents. Representatively, a thermal

t r eb® e AtelegisiIcanstan op (e oxder ehihepbt il Theseams m@e@alt"ﬁt@b@@@f or a duration
of bet WegihetiRe NRUE $nadd p?tteg@éﬂtcr)rgpgﬁl%ﬁ og\;ﬁ{irl?g‘ fﬂl@ﬁse@@g%lﬂ'e §9ofi gure 11,

followng the formati on of a conposite dielectric mat eri al between
conduct Breupaldrihgpgh medhaniselpyechinge lasy o lifwegokineichinkeat -treated in a
reduci ng atnosphere in order to densify the dielectric and nickel paste

layers jopkgyul t gﬁgﬁﬂ@ih ¥ndss86&urk 1289 inchBRE Hrst EhaESr 15 05hAWErastd uct ure 1255
|

follow ng the onal coatl_ngl of first conductor 1210 and second conduct or
1240 wi taeral 24P+ plavchwre 183 edsq nelydaseogmirdarariseandnt 129 Ipmmatef 40 firsf n t he exam

pl ezher &gk ibhs 121090 ek 1215 fs-eép WpOESReE Qﬂrgr’nfb RRUE N2Vt Oy T Ni ckel
material, the nickel material may be coated wth a copper naterral. Figure
17 13 VWbzhooacatgs 124inpC uszotedorns §ilowdtplaminetipip @setdoag epndug®0isover | yi ng
second GORGHGTAT s 384 ¢ LY Glereh AGSE! Mh69 Highitsconduct or
1210. Copper Ioayser &31%510 a%d&?:gg%grﬁ?!afer a%g%y(g %ybe @é_pé%ll{lt eg, for
exanpl eshousisogetared @dbinalatingnechd edrelottpoleas s navkd! Bkdor fobdraidkal t echni ques
or green sheet) 1240 laminated (possibly with a nickel paste between the conductor and the
20  ceramic material) to dielectric layer 1220 and dielectric layer 1230. In one embodiment,
following lamination, structure 1245 is thermally 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.

[0059] Referring again to Figure 11, following the formation of a composite dielectric

25  material between conductor materials, the structure is subsequently heat-treated in a
reducing atmosphere in order to densify the dielectric and nickel paste layers
stmultaneously (block 1150).

[0050] Figure 16 shows structure 1255 following the optional coating of first

conductor 1210 and second conductor 1240 with a different electrically conductive

30  material. Inthe example where first.conductor-1210-and-second condietor 12407 ared

nickel material, the nickel material may be coated with a copper material. Figure 17
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by depositing a copper paste including copper particles and sintering the
paste. 5 [00611 Referring again to Figure 11, the capacitor structure
(structure 1255 of Figure 16), may be attached to a core substrate, such
as an organic core substrate as discussed above (block 1160). In the
exanpl e WH@R®6/al0d¢Epper | ayer overlays a conductor, tREE/USHPpeR2s¥urf ace nmay
need to be roughened in order to enhance | amnation. Even in the case
where there is no overl aying copper |ayer, the conductor surfaces may need
t o be 16hovoughemmdaef E25§. oveﬂbyjng$ecbﬁd1@)1dﬁqmrdﬁél@andtcmpwHrazm:la2610arri nati on. The

capacitor.stru tac sur f f..a _base substrate.

Fi 8 ure fl?deé'ﬁgi' W?r% CPE@‘[%{?F égﬁ)z PE%I[]W&E?% i COrtE Erg ]%6 gfnéiy%lo. Structure
1255 i s depnsidce briegartiple, 8ingda cdmhbllaiddn ofeicetrsluidshd alcerdpldig tedhnigesand

capaci tor str cture citor, structure 1755), e connected to an
oppositgygﬁﬁﬁ mgf og Ep%%HE@P P%C%?T6Mﬂ*W§aﬁi%%%%%ggﬁﬁﬁﬁ?ate coul d then be
patterned according to 15 techni ques such as descri bed above with reference
to btoc IKOOBHS oﬂ{efér@ug #gaih t0 Wigurk Iﬂ,lﬁi)éapac;{oﬁ&ﬁ&}mé&tradmm2ﬁfhmFi gure 17,

di el ect 'c er 1230 hav [ i ment relatlvely hi gh

temper a fg 0 PR P ot BB el R o I iy Sormt Sufbary B Ly

proj ect eiimd;s@l HbadoWck 1160)s Lappettid fHere bhabpet hgertiveRAga@dsducloengt h and
ic layer 1230 may . extend beyond projected die shadow or

dt h f diel
\llame 5v. % h.ofw capéﬁg 8‘116 g@&% S8 geed to e SHgRERE dLprdRdp sphaneolamEnatiam | %Vﬂla'h th§esi r ed

operati B@ke@@x@@lthér@E&o&i%@rl@){?'@bber(}@}@ﬁ%éc%ﬂ&uﬂ:tor%ﬁrfﬁdé&nﬁﬁﬁi‘@g@b@UbSt rate. In
an enbodi nent where a second capacitor structure (structure 1755) is

| ani Piat EREhened fe-Hppodriies)dt denp calpnge ptptipnt Eheicaparitor HEICREHBAY t or

Struct UpgaRNed B9n QIR Se ﬁlbgt'ra% et C17BbRE btﬁlcﬁi?@l’iﬁ%@plg@ﬁer al ly
| ower steady state operatlng¥5 nperature (due to its renote | ocation
anepy,

rel at i veore 6uhsiate pékatStngter plef fythie eidp A ik ofisew subsbraenigle. uﬁt abI e
di el ect éégﬁ Q&!o bRt ﬂ:t ga%ES’r st 7‘3%}7&537 bd QE3LdTD6n SARAL 4B

describ erence ures 11 recogni zes that in operatlon
t he tenpeyoat m’oetrarmIHOpE@kag&ag@uhmatmufdihm beTmusmetii acconignggnbodi ment  of

Confé ru Fhﬂﬁ@m@ s@c%%%%gs%nb{cﬂ%%% &8 §efé’i"elfc@ t@bl%%lggﬁ‘s‘l' oﬁﬁ%ﬂgﬁﬁg e f?%?)' ng

capacltance) are only nee ots.
another enbodlnent capacitors with 30 different ratings are used at
di ff er e6XHpot & Shoven pdigergd 7. digleethc byeraldA@ having ireonggpaoilingnt @

b 1y | ead
T R T o R ol e S s LT L S WA AN Ay
Fur t her pvjesied daphedavors iswppieciniedbat theedipensadng (engtheidgsliedtid to cost nore
t han CaR%ﬁ &Bﬁasye%"'lis'ﬁ & lenl SORGH BENFed" Y i 8ow SISyl G phPlcdla oSt Of

power
20 shadow dependmg, for example, on desired operating conditions and overall capacitance

of the package substrate. In an embodiment where a second capacitor structure {structure
1755) is laminated to an oppesite side of core substrate 1710, the capacitor structure may
be formed with a dielectric material having a generally lower steady state operating
temperature (due to its remote location relative to an operating die) and a high capacitance.

25  One saitable 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

30  different ratings are used at different spots on a package. In this manner, , OIS capa<:1ta11ce

can-be placedon apackage W«)W@l%ﬁlre ratings typicaily lead fo higher
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can be brought down with a selection of capacitors with different
tenperature ratings. Figure 18 shows one enbodi nent of a package having
two different capacitors, one with 5 a higher tenperature rating than the
ot her. Tenperature ratings of dielectric materials of capacitor structures
may be deveereoRtd!l f or exanpl e, by the characteristi e@deessesstorth in
Tabl e 1 above. In one enbodi nent, capacitors 1820 of package 1810 use an
X7R dielectric material (125C, 15 percent) for areas of package 1810 that
ar e pr ediverngalcapacigees. Foithdrmbenpepreitons eih highercapgeittonrsink83@dusesan X5R

dielectric terial (8 15, percent) 10 inh are predi.ct ed see a | esser
t enper at ute %é}? afiitglitcf{é; Wi%‘lweir g{%&? r a%‘ﬁf) %iaﬁng'o:'rgusom%&fdr’?ogroé ngefpcfﬁgm%t ed to see
hi glh telrmebabmmgﬁ d()‘ﬁn grith auelldie:rona»fdi;ﬁcisdaadﬁm?ﬁf&mﬁi %ﬁﬁefagﬁgﬁﬁﬁgqogci tors in .
cool er cati , the oyera apaci tance of package 1810 nmm i ncreased.
[0064] MHEHTR S ARiene sBBaTimER < 2 PrOERRR P GRLIF O PTG B S RE PTG

St r ust Ua@sghf @mpeRaes bR hwh Be®tiRr. CRnditrGulBdtRis af JidBMriORaleARkBAt ed t0o a
conductive foil, such as a nickel 15 or co Represent ati ve

: pper foil. .
enbodi mSARASIY) sEECtes ey Be detpranipgde fos pxample, by tea Ghgractedstic cqdesspifoh ect r ode and

a condugg Tyge PasdvR. %o&%%b'ﬂ@i&neﬁ{,%&%Ei@ﬁ?l&@b@p&&@g@m’w%é815{47&% use of a
paste ord_q?preen sheet for one or both electrodes is that when a capacitor is
f

pr essed digfecic matedsh (B58e.o 1 Sseera & ercangl noekagg d § 1fee arpredigiad thse cer ami ¢
mat er i ak,; : ' I : . . d [ {ng. A
probl e mlhﬁ@l ? ﬁnﬁfﬁ‘gg’ %%&n%g%ct@%gﬁggg%t@ }gﬁrﬁ ?1%1??;:? %%%wsaf (Itgﬁg:t’ i{iﬁé&%%}esi on

st r éAgt in Persvpeedictedhe seer Badet tempdratire dbiduinoX 7 Riraedwspkoipribnihie arger ani ¢ may

del am n : [ h 0 use
conduct Prscpan T IRaE RRHaRk R, 8GRk o o EIRNT A PX e AENERERA A 1he

or gani c cedertlesations; thehwerall eamnitamceaf reckagk 18Hhmey bomtregad. duri ng processi ng
| eadi ng to bul gi ng/ cracking of the capacitor structures. Figure 19

describ pr g]: ng I . : j conducti ve
sheets. T‘(}I?iﬁlig:?ur egﬁgl%%%tes%v?/ or %elglgﬁ&%% %@&@%@%@%ﬁ%@é’?‘?ﬁﬁﬁ% th portions
of the pesvbabvidroncadascmdiail inay bt uoimtdido a[coBSTiveRoflanuch mp nickeFi gure 19,
in a.pr Lfarm cr%)[gaitor tructur first and .second conductors
of g%ndgg%?@%ﬁgﬁ’egfeg e%rgta o1 1's Og}%enﬁsr%%dj%%}ggﬁi udc’f)gﬁ? (ﬁcalsra UNE ?lg%ned t hr ough
a t hi cknesdeafodt el candudive pasteiyead e ddcoode. 1 d0oncdm guthehed@e shows first 30

conduct or te200rloeear§g e?gcr%rqdocboqgl.ict or %Oﬁf'% Sfiji t abl gc.g or usse%ﬁs conductors of
a thin PITRT SRS 6F ONEPT R WEHRrdet i b BRY AR AUSE B ESHAdet ox2. 02. 0
ar e=r epgesesthiaf thy pisyamnt e dxeluded thfougiopp esramhaeitef@ agd conftaet the havi ng a
L?;IT/C bgg é}%@%}&é%ﬁ&q&rﬂt&% iz? s%\-/:)%rinagl. Ar%r% I%Irﬁswi;chousgnegnc%nggctiilzg sh\{ags %9 8)? 5 110411
20  is that the adhesion strength between the ceramic and a conductor are weak and the
ceramic may delaminate from the conductive sheet. Attempts have been made to use
conductive foils as both the top and bottom electrodes, however, the organic content in the
ceramic material cannot out-gas during processing leading to bulging/cracking of the
capacitor structures. Figure 19 describes a process of forming a capacitor structure using
25  conductive sheets. Figures 20-22 show formation processes in connection with portions

of the process flow described in Figare 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

30  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,-a=nickel:

e T oy

or coppervshé—et (e.g., foil) having a thickness on the order of several microns to tens of
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m crons dependi ng on the particular design paraneters. As illustrated, each
of first conductor 2010 and second conductor 2020 have a nunber of holes
formed through a thickness of the sheet. Figure 20 shows first conductor
2010 havi ng openi ngs 2015 extending conpletely through a thickness of the
sheet andv®ptogti0¢dnduct or 2020 havi ng 5 openi ngs 202FCEa3pI0EPBF87 t hr ough a
t hi ckness of the sheet. Openings may be fornmed wusing laser drilling or
etching techniques. In one enbodi nent, the nunber of openings are

maxi m zederbos dependieg drithe pirtiadar deslpn barakage. Akiihisaged kedvefdinstopeni ngs) in

t he respective heet s resen ive n the rder of 10-50

i or onePartelf e sond SRRe SRbhERA Re e SR e PP i gt he

for m’slé I ﬂﬁcl@fasstbgﬂm shes. Frgutﬁ ztsﬁhloa@ﬁrsﬁ ﬁmmaor ﬁdloqlaﬂdgus lirfs 2018 ][r?t hod o
provides infro UCIn mat erj a e .openin as a.  coefficient o

t her mal CESHARETERPIE %%ﬁ‘%}m%%é@hneas ehis g %dﬁfg%té?li Ftopf020heviegnduct or  and

a CT& OB phifpR a8 é‘on‘fﬁét@l&'tlﬁfbuéﬂ'hathmldléas Bﬂh@s&@@%eﬁﬁ@é may'bd forB€I Ve as a
dlelectrlc of the capacitor_ (blo 20). In one enbodi nent, a suitable
CTE- mat éﬁ%@smlémg&r ciching t‘?&b@@‘éﬁst Irbwlqwbpﬁ@eabmm@ew opPENgSARIUCt or i S a
met al / CefaiMisedRg $dded Y kinds H&tlﬁﬂ(aé%fﬂlﬁl&a%é Suscwl r@eﬁ?ﬂk@}rm IR réph@ier i al for the
conductor and ceramc particles simlar terral for P ceram c

mat er i afheeliaRRepcsdniabee oprainst on theh)ede@jpél%éﬁ lfnwéff?m@fws eftsuiddtbodi nent, a paste

is deposited to partially fill the openings, i.e., partially extend
throughyggedihi ClRRESSNAD Fidife 1D, rféﬂomﬁ th%?&%ﬁﬁo&@f@éﬁ&@é in fr@SREEIcLYL! y. In one
embodi nent, the matéerial forned he openi ng he conductors is

i t st f eedueiersi e msdod pravistes v@rodmg:fem@ﬂqéaloxy&e@mm@atbafcha@ ance 20 of the
st fUCt UE&fﬁe%ﬂfAHhenfM‘ é\ﬂﬁgbﬁ&%ew 0 208 10f & AaLAR gﬁ% %hdufcioﬂ’géc? ] In
ge o y

eral, a ceramc se organi cs an ensi uring a high
te rrper at GITE ofp nm@nmmgatpmai(ﬂmgn wiis ¢midines| wilserve hy 4 diklagec of thappr oxi mat el y

~twenty r ver., h lehas a | ower CTE
than e fap PR oo B8 Hh Y ERARENSN I, EREMM G 00 B0 B, D00t bl 6
t o mat clepokitor Brtherpmnangs imibe adrndsd:tmals lametalrberﬁﬁ@asie ﬂlamlg ng’taémmdbseet
shrjnkage.i s nat nin erc nder a

coribt o< rye o Prade Rt 1 BtoRuRE G iR SRR s G B Ol et ent i on
bet weencaamic enaggriat thanslilldeatstbfor ﬂﬂ)d&ﬂectrid‘l Inpe: anﬁndﬁmm,mtpasm erial 2030 may

have its CIE .tune e under a qgreat.er co res stre this
nmanner , 3 E@Flt%Parg@%'Oﬁlh@? OB%IPnﬁsol'ﬁTgﬂaﬁmQy e%tg? e F Z?h flPfqpl ace in a
capaci tmrseccaﬂ chRhY), rEsp@um]yz In shonsbddithsik, tmmdiaﬂimm%mtlﬁnd second

2 2 1y fil i 201
gggdggg(%)ren%g§g1etg Qy\ggg;orrsreé]%e ffgn ulcjth' eas%tagngtgtg T d%gé 1ghgov rall !:aplafg gepenl ngs 2015

20  of the structure (C=kA/t, where A equals the area of a conductor).

[0067] In general, a ceramic green sheet will lose organics and densify during a high
temperature sintering process with a resultant shrinkage of approximately twenty percent.
However, even though the ceramic material has a lower CTE than metal (e.g., 7 ppm/C
versus 17 ppm/C for nickel), it may be possible to match the ceramic and metal strains, If

25  aceramic 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
ceranmic 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.

30 [0068] Figure 21 shows first conductor 2010 and second conductor 2020 having _

metal/cerariicpaste 2030 partially filling openings 2015 and 2025, respectwely One
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WO 2006/ 110411 PCTI US2006/ 012587 techni que for depositing a netal/ceramc
paste is through a squeegee operation across the surface of each
conductor. [0069] Referring again to Figure 19, follow ng the introduction
of a CTE-matching material and openings formed in the first and second
conduct or¥0 2¢06ditdllectric material, 5 such as a cer ard(d/iRaee/0i2a$7 nay be

| am nat ed between the conductors (bl ock 1930). Figure 22 shows ceramc

mat eri al 2040 di sposed between first conductor 2010 and second conduct or
2020. Cdechniqoe foatlepdsiing 2 Qdk@alicaramicqraste xaihugh a bfifebgemopérhidiedceosothebar i um
stronti%n1gjt?na%e %ﬁ%lng a thickness on the order of one mcron or |ess.
Cer ani ¢ “HAE°f S1°1 98 "ay be deposited between the conductors as a green
sheet. 10 [0070] Referring again to Figure 19, followi ng the | am nation of
a cer anl@spint ereddrrinpedanewFigire 19) foHtwiap chedricmnctianuTduCTRBmatchinge conposite
structure.is,thermally. treated to urn-of f .organi ¢s. Representatively, a
t her mal T8R! %rhﬁqp e%ﬁﬁy %W?@Bﬁfeﬁrgt 3tn§ CgP‘ngﬂdECt rrsa%‘g‘gle%tfm BE?“@ﬁ 500C for a
dueraBi Omutﬂa}‘ ash&fet&ﬁﬁdknhﬁﬁﬁalgmgﬂ& laniaiad ﬁﬁWeenTthec&ﬁﬁ&@ﬁi(bleck 39-30340'[ Uae may be
subsequent eat-treated in a reducing atnosphere in gorder to density 15
the cer iﬂg‘{}'\é ﬁ‘gﬁléor"fsa"lem(rﬁ? gefert @Q@§gls{"§6‘gliﬂtw?—? pleropductyi o0 ¥k ani ¢ | ayer
2040 betkyrad chidusibr 20200 detatic AkHa0A0 Hef68 Bhmpls) Bekiih @lans02Pbar8072] The
above descrjption relates to form ng capacitor structures wthin package

subst r af&Quiug) ipgats havigdhigivesss pralpe Belepfeme microp ar gy kesrdmein maferighpaci t or s
in ot herzozcﬂmg,nyéa@em%&ﬁwe%ﬁlﬁu@caiﬁubfargoarsla@e%qsmem ng boards (e.g., printed
circuit boards). [0073] In the preceding detailed description, reference
is made to specific¢ enbodinents thereof It will, however, be evident that
var i 0us [1%8Yi 1 i Ssfsonseaaido diagd follewm the dypaettmar acerapia gtz depar t i ng

from t heetheoptle Fird Bid dcborRNn&&RRE 18f cohip8sifeQthQWeNGthe fhaly TRated BE
specification and drawi ngs are, accordingly, to be regarded in an

i |1 ust r BEvet organicsy Rgresemiively, ¢ dsrnal detipedtseqvddinvglie 2 leppeahmE  What i s
cl ai medgings of300A0 s6PREGAL H&aﬁ;&{m{b'e@e@xgiwcﬁl&&% bl Saﬁi%?.a’?hé Hmppkitdict ure

conprising an integrated capacitor having a fir
structure may be subsequently heat-treated in a reducing atmosphere in order to densify

15  the ceramic material (block 1940),

[0071] Figure 22 shows ceramic layer 2040 between first conductor 2010 and second
conductor 2020.
[0072] The above description relates to forming capacitor structures within package

substrates. Similar techniques may be used in the formation of capacitors in other

20  environments, such as in printed wiring boards (e.g., printed circuit boards).

[0673] In the preceding detailed description, reference is made 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

25  rather than a restrictive sense.
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ceramic material disposed between two el ectrodes; and a second capacitor
structure conprising an integrated capacitor having a second ceramc

mat eri al di sposed between two el ectrodes, wherein the first ceramc
material and the second ceram c material have different operating
tenperature ratings, and wherein the first capacitor and the second
capacitor are integrated into an ¢gmngiNigtive core substrate, wherein an
operating tenperature rating of the first ceramic material is greater than
an oper ath#igs eleimsdrisit ure rating of the second ceranic material, the first
capacitor structure is positioned on a die side of the core substrate, and
the second capacitor structure is placed opposite the die side. 2. The
appar at us of 41 apparalys opfvprieing: t he core substrate had a substantially planar
shape, and wherein the first capacitor structure i S C upbed to

SubStant i al |y pFretPeasy FRREurG ORGP Bttt regir” b dc By

capaci t akradtit tateinledibseDbepl &6 tivo chdtrofeosidt e  substantial ly pl anar surface
of the core substrate. 3. The apparatus of claim1, wherein the first

capaci tor st rutCeRdecaPacIE SIHFIBGSOMPREBS ap Hlegraed cappsier baving decpid st dr oop

capaci t aReehieRdicReSREQ¥E R aRaGb RErsdkuct ure is  positioned for second
droop capacitance. 4. The apparatus of claim 1, wherein an operating

t enper at ure rvatardy thet fipteranie spatqrial aed Bipisecopd caping mptgrigrhaxsg differdvn an
. : . ! . L h
operatl g%eltaﬁﬂ%feﬁrg{ewﬁﬁe [RhbOAn@lunl G tg@%&?ﬁap%&{o?%&th%%p%%lh %Lepc?gﬁ(g/ a}??er ern the

first capacit ructure~i's di spose I'n an area defl e second
capaci t ontegriateddirto e insglatiftheora pairate ughepéin eh apareting tovhpereture rotveg ¢fithst ceramic
nateria&haagﬂq koygrﬂmp%pqpn;FQ%ﬁ ghgqy&?e secon _certam'cf terial. 6. The
appar at U¥>ofTEPS WDk i PRAFT EBRpT SPRYIE HPFERF AN EBnFiglted to
heat 1&esndé enasdridg 0 firkrecapudiot rsataums khpoaitibbhghes at @epstcabute ddpan an
opposite side of %he substrate from.the gie Sidﬁi wherein the first

cer ani ¢ SHETRIS 41 g secqnq eapariiogsEILUE i Rlaceg RBROSHE thedie sidgyan t he second
ceramc material, and wherein the first capacitor structure is positioned
in locations heated with a higher tenperature than |ocations where the
second dapacikbsrappapiugof ghadnls wicgdipihe core pibstate dnd aowpstpndialy plawat onput i ng

devi ce GAIRY ki Mkrén @ﬂ&ﬂ%@ﬂaB&c‘?é? Qfycrh DR BLALLRS LEBSINaIG PRLED A0, 2

printed circuit board through a substrate,” the m croprocessor configured to

heat a dife¢hgicdes substrate and the second capacitor structure is coupled to an opposite

substantially planar surface of the core substrate.

3. The apparatus of claim 1, wherein the first capacitor structure is positioned into
the core substrate for first droop capacitance and the second capacitor structure is

posttioned for second droop capacitance.

4. The apparatus of claim 1, 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.

5. The apparatus of claim 1, wherein the first ceramic material has a lower

capacitance than the second ceramic material.

6. The apparatus of claim 1, further comprising a microprocessor configured to heat
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of the substrate with a higher tenperature than an opposite side of the
substrate fromthe die side, the substrate conprising a first capacitor
structure conprising a first ceramc naterial disposed between two
el ectrodes and a second capacitor structure conprising a second ceranic
mat eri al di sposed between two el ectrodes, wherein the first ceramc

mat eri al; &adidt B@t}ﬁ:esﬁ%gtecﬁi'ﬂiié"hi%hém&%ﬁér@tluré"tﬁé/r?mdéﬂﬂog'feesrﬁe ofAREEALE-AY
tenperature ratjngs, wherein an operating tenperature rating of the first

cerami c T ahg die side, yhersinethe tihsirecemio penterial hes ¢ davprerdiglentiac easiant kof t he
second cfﬁgmgeaom g,ln%' m%t&lhaﬁ a%dm&e%?m%fﬁlmsgt rglg%r@%?e 19 gg& 1§

i croprocessor inclu irst capacitor fie second
capaci t decatons btalede with hightreteopposird ¢hapi Ideatohs wiheresthbsteatiecapacdgmr t he die
si de. 8. tThe S. %1 of claim7, wherein the first capacitor structure is
coupl ed YE°§"? gB St%ntially planar surface of the substrate and the second
capacitor structure is coupled to an opposite substantially planar surface
of the substrate. 9. The systemof claim7, wherein the first capacitor
structure is%%é@ﬂ%ﬂ’é’&%ﬁ the core substrate for first dr oop capacitance

and the secongd.&apass H@ﬁce&bﬁiﬁﬁ%xﬂ%@ nluaop%esrsblonﬁdmcﬁogfocés%&%q da aop
capaci tance. 10. The system of aim7, wherein an operating tenperature

rating dfinfadecifcpit pard gispugi osulaitase, ity micsorgwaioerzmtfmwdaﬂ hegiardag $ify
tenper atyng. §akdAgwakh tﬂ‘%e? %ﬁ%f’at&@“[}?aﬁ'a% op dn%fcif u‘é@?attfﬁfrgm fie first

capacitor structure is s 0sS W thin an second
capaci t ahe side,uibt $nlesir a@QGOﬂnpﬂ{smgta. ﬁﬂiheamer sautuulsna)tomlsbra;mg ﬁ firamreragiian t he

substrat L& IiSI sse Wéen§ %lctve a% gubst rtatﬁ 6posed bet ween t he
i cr opr GBS LD MRAFOREYSSP e & 5? oara.cH%] ‘“3}5‘]5 FAPRIS Eotpr i si ng:
a mecr oaemﬂ&sltarmccmaffengmi@dsddayehmh t\ﬂo dicerglesle of the substrate with a
hi gher terrperatur an an OppOSIL de of the substrﬁte fr the die

side; a firstVishHa E’t Pt STHRIE P f’é?cﬁﬁ £ePniCsnatiial hays

i nt egr at@eraGAPachpQhitsre FAMBEwhdrGi ah SRBtiAd rtéﬁpe@ﬁﬁl%”}a@mg%feﬂl'eaﬁlsg' sposed
between a first two_electrodes and forned on a first generally planar

shaped <GiafHeaagriahi grpaen Gen ge opeiabng ipgrcraiire ratggdolathe sewond cempeei t or
St ruct urg, GoRhé éﬂergme%f%%%@m@ luldal tht YiQbplo AL ST AL G s GRABG 950%01 for med

froma same second ceramc material di sposed between a seconé
el ect r ogtageture, and the second capacitor structure is on the opposite side of the substrate ﬁom

the die side.

8. The system of claim 7, wherein the first capacitor structure is coupled to a
substantially planar surface of the substrate and the second capacitor structure is coupled

to an opposite substantially planar surface of the substrate.

0. The system of claim 7, 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.

10. The system of claim 7, 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,
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and formed on a second generally planar shaped surface of the insulative
core substrate, wherein the first ceramc material and the second ceramc
material have different operating tenperature ratings, wherein an
operating tenperature rating of the first ceramc nmaterial is selected to
be greater than an operating tenperature rating of the second ceramc

mat erial 11and tihe appdisitis 6RA@G ¥,00heddin Ut MbBrakScondrREd 8finkQalie faesdti oned on
the die side of the core substrate, and the second capacitor ‘'structure is

pl aced oppEEts dispased bypecrsthymicrepgocepsns app BiPaNted coFviEPdn 12, wherein t he
first surface and the second surface are the sane surface of the core
substrate. 14. The apparatus of claim 12, wherein the core substrate is an
i nsul atilZe cofieapmuddst soatpeisognpri si ng one of an epoxy material, an organic

substrate materi.al ., a fiberglas r.ei nf or ce terial, and.a pr.e-preg
mterial . 15." THoBSRarar tesRed gl A fde & ifs ndsuaf uliadivit e
conpr i sesmadratunsthbiabn vosibdidd dfahe subkeatd iromtthsdibside;at e and the second

surface are oggosi te surfaces of the cor bstrate, the first. capacitor

s
structure is orferPRYBararier ?Oﬁmﬁ@gs%%%ﬁw%%fc?% BHCEEiFS SPRC10 he core

subst r at BreMMbhSLSande RAE KaARicSHRSELIal Sos@NSkl bt D Fst GPFRILSIRY ag@Nduct i ve
vias fornmed through the first capacitor structure, the second capacitor

st r uct urf@magien Higrstganarally plagan shered spface of an insulative core substrate; and

a second capacitor structure comprising a second plurality of integrated capacitors
formed from a same second ceramic material disposed between a second two electrodes
and formed on a second generally planar shaped surface of the insulative core substrate,
wherein the first ceramic material and the second ceramic material have different
operating temperature ratings, wherein an operating temperature rating of the first
ceramic material is selected to be greater than an operating temperature rating of the
second ceramic material and the first capacitor structure is selected to be positioned on
the die side of the core substrate, and the second capacitor structure is placed opposite the

die side.

i3. The apparatus of claim 12, wherein the first surface and the second surface are the

same surface of the core substrate.

14. The apparatus of claim 12, wherein the core substrate is an insulative core
substrate comprising one of an epoxy material, an organic substrate material, a fiberglass

reinforced material, and a pre-preg material.

15. The apparatus of claim 12, wherein the core substrate comprises an insulative
material, the first substrate and the second surface are opposite surfaces of the core
substrate, the first capacitor structure is oriented parallel to the second capacitor surface,
the core substrate comprises a package substrate; and further comprising conductive vias
formed through the first capacitor structure, the second capacitor structure and the core

structure.
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