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the die sTH8°SERRNOs 106 and/or |and side capacitors 108 illustrated in

Figure 1. 1  Decoupling capacitors and capacitors for dampening voltage overshoot or droop

20  are generally placed as close as practical to a die load in order to increase the capacitors’
effectiveness. Often, the capacitors are surface mounted to the die side or land side of the
package upon which the die is mounted. Figure 1 illustrates a cross-section of an
integrated circuit package 102 having die side capacitors 106 and land side capacitors 108
in accordance with the prior art. Die side capacitors 106 are mounted on the same side of

25 the package as the integrated circuit die 104. In contrast, land side capacitors 108 are
mounted on the opposite side of the package 102 as the die 104.

Figure 2 illustrates an electrical circuit that simulates the electrical characteristics
of the capacitors illustrated in Figure 1. The circuit shows a die load 202, which may
require capacitance or noise dampening in order to function properly. Some of the

30  capacitance can be supplied by capacitance, as modeled by capacitor 204, located on the
die. Other capacitance, however, must be provided off chip, as indicated by off-chip
capacitor 206. The off-chip capacitor 206 could be, for example, the die side capacitors

106 and/or land side capacitors 108 illustrated in Figure 1.
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capacitor structure within capacitor 300. Going clockwise from the upper left contact 302,
the polarities of contacts 302 alternate between positive and negative. This results in
opposing contacts (i.e., contacts directly opposite each other) having opposite polarities.
Each contact 302 includes surface lands 304 on the top surface 308 and bottom surface of

25  capacitor 300.

Referring also to Figure 4, which illustrates a side view of a discrete capacitor in
accordance with the prior art, each top and bottom land pair is electrically connected
through a side termination 402 on the side surface 404 of the capacitor. Inner electrodes
(not shown) electrically connect with the side terminations 402, and thus with the surface

30 ~lands 304.

The length of lands 304 is indicated by dimension 312. Generally, the land length

is designed to be a length that allows a reliable, surface mount solder attachment. A ratio

of the length 312 of surface lands 304 to the width 310 of capacitor 300 is typically about
2
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prior grt; As electronic devices continue to advance, an Increasing need exists for higher

capacitance with reduced inductance for decoupling, voltage dampening, and supplying

charge. In addition, a need exists for capacitance solutions that do not interfere with

package connectors, and which do not limit the industry to certain device sizes and

packing densities. Accordingly, there is a need in the art for alternative capacitance

25 solutions in the fabrication and operation of electronic devices and their packages.

Brief Description of the Drawing

Figure 1 illustrates a cross-section of an integrated circuit package having die side

and land side capacitors in accordance with the prior art;

30 Figure 2 illustrates an electrical circuit that simulates the electrical characteristics

of the capacitors illustrated in Figure 1;

Figure 3 illustrates a top view of an eight contact discrete capacitor in accordance

with the prior art;



30 Figure 2 illustrates an electrical circuit that sinmulates the electrical
characteristics of the capacitors illustrated in Figure 1; Figure 3
illustrate® @/ep view of an eight contact discrete capaciraavusom4seezor dance
with the prior art; 3 WD 02/50852 PCT/ USO1/ 44822 Figure 4 illustrates a
side view of a discrete capacitor in accordance with the prior art; Figure
5 i 11 ustr at esFiguteghilluiteaies efsids viewnofechiacrsts capgediey B Reckdgnse Vit fieiPHOhe cor dance
with the prior art; 5 Figure 6 illustrates a top view of an extended
surface I%nhd capacitor in accordance wth one enbodi nent of the present

i nvention; Fi igee Sillusttaiestartap dsw af ¢ tsp contashdiseretgsapagiteria aeposdapseatid | and
capacitor_ in.accordance wth a second enbodi nent of the present invention;
Fi gure 8tp‘f?rﬁf’§ta&at es a top view of an extended surface |and capacitor in
accordance 1@igtd hiliasttanisradoevibe oif aeextendéd sunfacelrebeapaciioningaseirdance Fi gure 9
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Figure 11 illustrates a cross section of the electronic package shown in Figure 10

along section lines A-A;
Figure 12 illustrates a cross section of the extended surface land capacitor shown in
Figure 6 along section lines A-A;
20 Figure 13 illustrates a cross section of the extended surface land capacitor shown in
Figure 7 along section lines A-A;
Figure 14 illustrates a flowchart of a method for fabricating an extended surface
land capacitor in accordance with one embodiment of the present invention;
Figures 15-17 are schematic cross sections illustrating various stages of fabricating
25 an extended surface land capacitor in accordance with one embodiment of the present
invention;
Figure 18 illustrates an integrated circuit package, interposer, socket, and printed
circuit board, each of which could include one or more embedded, extended surface land
capacitors in accordance with various embodiments of the present invention; and

30 Figure 19 illustrates a general-purpose electronic system in accordance with one

embodiment of the present invention.
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using capacitors with prior art lands. In the event that one of these vias fails (e.g., due to

high currents), other vias are still available to carry current to and from the capacitor.
Reliable connection to an embedded capacitor is important to ensure that the inductance
between the capacitor and its load remains consistent from substrate to substrate and over
25  time.
Another benefit to using extended surface lands is that they can provide more
current carrying capacity to the capacitor than might be possible using prior art lands. A
single conventional land has a current carrying capacity that is limited by the land’s area
or the cross sectional area of the via or other connection that carries the current to the land.
30 In contrast, an extended surface land enables multiple conventional vias or a larger
connection to electrically connect to each land, thus multiplying the amount of current that

can be carried to the extended land and to the internal capacitor structure.
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20 “length” and “width” are used herein to descrlbe partlcular dimensions of capamtors in the
various Figures, these terms are not meant to imply that the invention is applicable only to
rectangular shaped capacitors. On the contrary, the various embodiments of the present
invention are applicable to capacitors having rectangular shapes, square shapes, and other
shapes.

25 One or more of surface lands 604 is an extended surface land. In one embodiment,
an “extended surface land” is a side land on a top or bottom surface of a capacitor that has
a land length 610 that is equal to at least 30% of the width 614 of the capacitor 600, where
a “side land” is a surface land that touches a top edge 606 or a bottom edge 608 of the
capacitor 600. For example, an extended land capacitor having a width 614 of 1.3 mm

30  will have lands 604 with lengths 610 of about 0.39 mm or more. An extended surface land
is differentiated from a conventional land used in prior art capacitors, in that the

conventional land has a land length that is less than 30% of the width of the capacitor. As
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surface oWwoeagmcitor that has a land |l ength 610 that i secagusali/44822 at

| east 30% of the width 614 of the capacitor 600, where a "side land" is a

surface land that touches a top edge 606 or a bottom edge 608 of the
capaci t omseii@rei;die ‘Gararipigth” indefiogd @ﬁh‘élﬁngthﬁﬂa sufrae fand ol aks sdge af 4 dth 614

of 1.3 mm 3‘81tc‘>"r"t érel?‘?{an p&:ﬁg gg@%&tfel&'?k@%m@@@eg& geabout 0.39 nmor nore.

An ext end@FLLH? erentiated froma conventional |and used
in prior art Deguatiet embodimenttan&exterved surbaeg bndi isnaldelland@nBd® & | and | ength

that is less than 30% of f 50852
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a sur fsacexteadud shffmlamnédgmfm laad t@whiag opposme etdlgeofethdcamacltmes foand, in a
di rection perp ap "ext ended

edge. n
surface [Hghap kﬂgld%thﬂé Hleﬁ aSBor%rOB' @f)‘tngéh%pg%r Tace oqle a capacitor
that has &teh@é&aﬁ@dﬁgéﬂoﬁﬂﬁl@wﬁhdmfﬁaﬂ ol garlim &Mhmmepmz Hsm!wee‘ﬁ lmds ended

surface | and and a surface | and S|t capam tor
is no noro84ehahrutddhmn pdess Eﬁtﬁn%aﬁufgﬁce %@‘g en@@%g nlﬁalp o the

br evi 0us (& afihGer AmafRideTmhande aaPaEi Lor having a wi dth 614 of 1.3 mn
wi |l have a gap 612 between | ands 604 of about Ext ended

nm o S.
surf ate | ands Adbangh Fiaure apllushant Wighh cRuiael camapie 609 I‘i%Rac’é(?r% C‘?njﬁa ®r or
smal | er than og‘feafepgad%ﬁc%e1n%%he¥"€ﬂli>odlrﬁgitﬁ| 1iBas g Mistrats £10p viewl afshr at es an ei ght

cont act capaci tor capacltors can have nore or fewer con%acts in
ot her enmxttmdﬁmusfacd:lagwaeacﬁot TQ0hsving sixoptagty i aprdangs Wiha sesfénded surface

and oap a0 NEYIUR: BlaBRNEAGE Sor 10 RESANITICHa BIATHREON

embodi nent” ent 1 nvent acitor 700 is simlar to capacitor
600 ( Fi gusxeeph)hat thre>numper of kerttactspad ﬂmstreetu@rof thsrerigaded sgreredyds &y uct ure of

t he exten ﬁd surface lands are 15 different. Each contact includes surface
| ands!>70%! 6% on t he top and/ or bottom surface of capacitor 700. Each top
and bot t om | arEiclpadritack mchaﬁacsurfaosaaddW%ﬁ%em@dtqprﬁnd@gbp‘f@ﬁés%ﬁace ¥ore side

cont act s capiot - e EpeBd TR R ERp ARk B ond P 2
capaci t ormygfelsiéie iétrenaiond (nStsaywy) oAGideistitfiacas cfaqagmtmo?OO? D0be siEgemacds t he _
cvery ot HEPVEcarcY FETEr: RGN S iR petisif [nbr SEARAETTR M L
detai by | @kRih chfhcRQMOUNEAILQT thelelddtrbdeg Uf 8 ikénalredpator structure electrically
connects with every other one of the side terminations, as will be explained in more detail
later in conjunction with Figures 12 and 13.
Four of the six contacts include surface lands 702 that extend only from the top or
bottom edges 722, 724, while two of the six contacts include surface lands 704 that extend
25 from both the top and bottom edges 722, 724 and also from the left edge 728 or the right
edge 726. One or more of surface lands 702 can be conventional lands or they can be
extended lands, in various embodiments.
In contrast, surface lands 704 are extended surface lands, in one embodiment.
Each of the extended lands 704 includes two conductive segments 706, 708. First
30  segments 706 extend from top edge 722 to bottom edge 724 across a width 730 of
capacitor 700. Second segments 708 extend perpendicularly from about the center of each
first segment 706 to a right edge 726 or a left edge 728 of capacitor 700. Accordingly,

cach extended land 704 forms a “T” shaped land, in one embodiment.
7



Four of the six contacts include surface |lands 702 that extend only from
the top or bottom edges 722, 724, while two of the six contacts include
surface |wodr/5682 that extend 25 fromboth the top and badmorsoedeges 722,
724 and also fromthe left edge 728 or the right edge 726. One or nore of
surface | ands 702 can be conventional |ands or they can be extended | ands,
in various enlsotis gmhedimentnar: (sxtepdeshsurfacglangd? és 4 laptut 798 O5PItoBY t ended surf ace
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a land length that extends fromthe first segnent to a left or right edge
of th¥ dbp@#eIEsF. I n other enbodinents, an "extended surface land" is an

end | and on ay},QR 705 malkOsdneidt Stk hagRaciRk edzecRRARM oaly dnay,iwhile aachafid | engt h
that extends the entire length of the, ca&acitg, ,ggeﬁé ﬁln "end land" is a
surface |exisadadtands 704 /makescontacewith geppacitor edge /Py etge’ B 8M%he capaci tor .
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contacts dontadts endcdadaee wiithfa third émbadinembodherpmsentinveriienptarasiar 80 isent i on.
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20 the extended surface lands are different.

Each contact includes surface lands 802, 804 on the top and/or bottom surface of
capacitor 800. Each top and bottom land pair is electrically connected through one or two
side terminations (not shown) on side surfaces of capacitor 800. The six contacts provide
electrical connections to electrodes of an internal capacitor structure (not shown) within

25  capacitor 800. Each of the electrodes of the internal capacitor structure electrically
connects with every other one of the side terminations, as will be explained in more detail
Jater in conjunction with Figures 12 and 13.

Two of the six contacts include surface lands 802 that extend only from the left or

right edges 828, 826, while four of the six contacts include surface lands 804 that extend
30  from the top edge 822 to the bottom edge 824, across a width 810 of capacitor §00. One
or more of surface lands 802 can be conventional lands or they can be extended lands, in

various embodiments.



20 the extended surface |l ands are different. Each contact includes surface
| ands 802, 804 on the top and/or bottom surface of capacitor 800. Each top
and bott owgd @mdspair is electrically connected through onea@rudovass2si de
term nations (not shown) on side surfaces of capacitor 800. The six
contacts provide electrical connections to el ectrodes of an internal

capaci t or Stl’[tc&dmnﬁst,(sndhceslmlwﬂoél mbﬁemﬂedzﬁrf@aﬂmadmm@nemodmh Iaf the

el ectrodes of t i nt ernal (o] P I cts with
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hat nl t or right
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t hgt h%)8( ageglfé]pdélolaﬁd’s%?ll hﬁge(:) %dh&(c)ti\dﬂea Sadecita® edg&ﬂ}Zb(ﬁZ@lpﬂm&d gec@divglyacr gss a
Wi capaci t or e or n an be
convent i dails 802 arfklapgs gtoﬂéiﬁk%‘éf}‘ilt%bwlﬁ?‘iﬁ?ﬂg%z ?%\(ggg%?# t(gajro?%ﬁsu Sbodi ment s.
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surface | an In one enbodinent. In this enbodi nent, .an "extended surface

land" is @2%@1804 eachl tion theytish en e‘iﬁ?tg@&rﬁzétﬁ%aw @Ppalaﬂfé%%&&&?l?’fsr havi ng a
| and lengf;[E’F, osﬁéet qéga&@?al@f%ﬂhé@%%é‘sdth of the capacitor. Lands 802 nmeke
8

contact w cap ac only once, while eacga 5 ext ended
| ands 1804 rrakeﬁgmm@ alustrarwstanoamwéen eendse gefage nd gapacitor 3P l%ct%r dingly,

| ands 802 and, l.ands B eg{rlﬁlv% &ﬁ?ér%&inﬁér&Bfﬁggf%%ng%%ntl%g‘%a%ﬁor 938 a total

of ten tiAEECH u&fﬁcﬁr romthe upper left surface | and 804, and
| ooki ng ais sintir ﬁmapaidltby6(m)f(Figamc§$, exwzﬂ@hﬂie 8ubes A€ ppntaciEnd HEPIYGHEN an edge

822, 824, ol ari |ternate between positive and negative
al ong theOféé%@gen%%SLEgﬁﬁggésgm4 t?at es a top view of an extended surface

| and capaci t orE-30Qortaot am@dEmrfa@dmdaeoz, %0k omthe derdanfaes anilionbeitoour t h

enbodi ment of the present vent i pa capaci tor
500 (1 quiteiats o rEupt SBn Eeeh pe IR B el segiacall Soeld Mot "EPaCt
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20 902, 904, as will be explained in more detail later in conjunction with Figures 12 and 13.

One or more of surface lands 902 can be conventional lands or they can be
extended lands, in various embodiments. In contrast, one or both of surface lands 904 are
extended surface lands, in one embodiment. Going clockwise from the upper left surface
land 902, and looking at the polarity of lands 902 and 904, the polarities alternate between

25  positive and negative.

In the embodiment shown, an “extended surface land” is an end land on a top or
bottom surface of a capacitor that has a land length that is equal to at least 20% of the
length of the capacitor. For example, an extended land capacitor having a length 912 of
2.0 mm will have lands 904 with lengths 910 of about 0.39 mm or more.

30 In another embodiment, an “extended surface land” is an end land on a top or
bottom surface of a capacitor that has a land length such that a gap between the extended

surface land and a surface land that contacts an opposite side of the extended surface land

is no more than 4% of the length of the capacitor. Using the previous example, an
9



wi thin capacitor 900. Each of the electrodes of the internal capacitor
structure electrically connects with every other one of the side

term natiwosg2/5a88d thus with the surface | ands 20 902, 904,pcasuseiMiszbe
explained in nore detail later in conjunction with Figures 12 and 13. - One
or nore of surface |lands 902 can be conventional |ands or they can be

ext ended ek@ndksl laridreapasitprhaying aengin®ldtof 2.0mm pokh hpvger gap LSVt of surface
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TR e Aot SaPGE
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surface of 3 féacpn%%'laHQ E:%Lh@ @fectﬁkﬁfé/tcrohrfe@t b of B3 fivt YWae Rfm AR s,Snde

t er ni nat | BASY larity. This definition jncludes |ands 604
and 704, adothasplmwtozedldwﬁectrtéa@wamsecﬁt\mt@f more pegghectideemyinations-addi ti on, it

ol udes a1 and Lhak of BLReAD SLRGRIGA 700 A968 iB-RlangigaRs bhe L op or

bot t ofi surf ac S?TK’[uﬁgm fané connects fromtwo to all
si de ternypaild mce@fmm b@asmnaalmninamm;de cmtqrh@gwlfawa%@@waﬂ@“?hat al | ow

10 the oppog! 48 AOLAN LY handR el s ShBfbE LEAbLot bRObALRE o the pl ane.

In one enBid i’S used to connect all side
term nat i pgd & thé b@cﬁ@;ma heeiira Mhé Yimehsiomtoli eapacieombed msgo, 9ﬁchmlcb| e pl anes
could cover the top bot t om surfac one pl ane

e,
coul d el e¥ary wdsish 93H?Bﬁitﬁ%8‘t 65 286 "B 88br&glcf’fl§;r§mqs 2 etra?am ?tsg}t}i%lons and
anot heg  pl aR&nCQphHorl 801 7005800, 90031%dlﬁatne¢emm1mberra¢tmgumgamhw, s de

term nati ons.
they could assume a number of different shapes (e.g., square, circular, or multi-sided).
Although the capacitors 600, 700, 800, 900 illustrated in Figures 6-9 depict lands

on opposite sides as being symmetrical, the lands could be asymmetrical in other
embodiments. For example, a land on the top side of capacitor 600 (Figure 6) could be a

»s  conventional land, and a land on the bottom side of the capacitor could be an extended
land, or vice versa. In addition, although particular lands of capacitors 600, 700, 800, 900
are shown as extended surface lands, one or more of those lands could be conventional
lands, and one or more of the lands depicted as conventional lands could be extended
surface lands.

30 In each of the capacitors 600, 700, 800, 900 depicted in Figures 6-9, the polarities
of the lands, as they contact the edges of the capacitors, alternate between positive and

negative around the circumference of the capacitor. In alternate embodiments, the

polarities of the lands do not strictly alternate, and two or more lands that occur in
10



15 I n various enbodi nents, each capacitor 600, 700, 800, 900 illustrated in
Figures 6- 9 could be a ceram c capacitor, alum num oxi de capacitor

organi ¢ ceeaRisg®2 or a capacitor nade with virtually any ratthesoitehnol ogy,
as woul d be obvious to one of skill in the art based on the description
herein. The di nensi ons _of capacitors 600, 700, 800, 900 could , vary w dely,

dependi ngeatenerRBhignr ayplingraovrd Aestadersf thesanacital Gopldl hove e pape polit%rs. 1n 20
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strictly alternate, andt nore | ands that occur, in (P WO 02/ 50852
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coul d hav&tﬁ[anla@d ﬁﬁl{z@e RRds3h b5 uncﬁ('ih WHE Darfds B8bodiiatsirareseRht fb@tiext ended
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two or foUts e ors a capacl tor ﬁave re or fewer
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t he deV|ce Jn .ot ld§ glnents Specifically, the capacitor's contacts
coul d be3@HmXe$Tﬁ(5u ®B%nore sides, and some or all surface |ands
assocp@t ed w tAs hbgpae@etiastys the@uleddddeurfavetax dephcius biibe vhrnds .

embodiments can be mounted on or embedded within an electronic substrate (e.g., a

package, interposer, socket or PC board). Either way, the larger surface area of the
extended lands provides the advantages of more reliable, lower inductance connections to
the internal capacitor structure. Using the extended surface land capacitors as embedded

25 capacitors can provide additional advantages. In particular, the capacitors can be
embedded within an integrated circuit package in a manner that the capacitors are closer to
die loads than is possible using surface mounted capacitors. Accordingly, the embedded
capacitors can respond more quickly and with less inductance than the surface mounted
capacitors, in many cases.

30 Figure 10 illustrates a top view of an electronic package 1000 including embedded,
extended surface land capacitors 1002 in accordance with one embodiment of the present
invention. In one embodiment, package 1000 includes multiple, conductive bonding pads

1004 on its top surface, which are electrically connectable to complementary pads on an
11



Figures 6-9 are intended to show several discrete capacitors that could
have extended surface |l ands in conjunction with various enbodi nents of the
present iwoanisogsr. These exanples are not intended to be gdmudonagge n any
sense, as one of skill in the art 15 would understand, based on the
description herein, that nunerous different types of discrete capacitors
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whi ch ar ecagf‘cét(‘?w* aﬁlw Lot g%:{ﬁ)tr H/(ﬁ ?o corrp &elqrrg%te géﬁ%a%? 6 ogr?&a(?\fogl WO

02/ 50852 Whkith ldohilitAckBsnded iamdselgf)&blethe tiprandvot beteot susfaesaref capgeitee LHM- al | of

ds 1004 | ect | |
Connedt vERKBLLS sy ratH Y sERRRGE oty oAy AR ket MO0 T 2 g

1000 Wi t higtegal bapacitdd kirad@re (ﬁaﬁb&gﬁﬂ@ﬁetarmniaudssllww or nmor e enbedded,
oo T a5 b and AR TF e et We3on SR e il Sppbhe sl LY
thirty bopgi ghRagderokhst a5k amd slaks tlanticabontaca i exheladr:b lamfls t 1?06
capacitors 1002, which indicates that .u irt uld ectrically
connect eliche embgstiment showpio Figuge 1 1nvg Yiﬁfp ]s]dgf’?g‘é °°1¥W¥W§E e%cﬁ CXERE (C)ldl nent s,
more af f A& 1% 0@05‘1&1&%@9% this embodiment, an “extended surface land” is a 51de or end
land on a top or bottom surface of a capacitor having a land length that is long enough for
two or more vias, which are insulated from each other, to be connected to the land. In
other embodiments, more vias 1112 could make contact with each extended land 1108, or
fewer vias 1112 could make contact with each extended land 1108, even though the
95 extended land 1108 is long enough for at least two via connections. Two advantages to
electrically connecting multiple vias 1112 to an extended land 1108 are that more current
can be carried to the land 1108, and a connection can still exist when one, but fewer than
all, of the vias 1112 connecting to the land 1108 fail.
In the embodiment shown, vias 1112 make contact with extended lands 1108 on
30 the top surface of capacitor 1104. In other embodiments, one or more vias could make
contact with conventional and/or extended lands on the bottom surface of capacitor 1104.
In addition, Figure 11 does not completely illustrate the various conducting and non-

conducting layers of package 1102, for ease of description. In an actual package design,
12



1004 coul d connect to each capacitor 1002, and nore or fewer capacitors
1002 could be 10 enbedded within the package 1000. Figure 11 illustrates a
cross secwioon/s0$s2t he el ectroni ¢ package shown in Figure l(eCTarsomgssecti on
lines A-A. Enbedded within the section of the package 1102 is a discrete
capacitor 1104. Discrete capacitor 1104 includes two or nore contacts 1106,
each of  QWeioE MoraRengrEiag ad/@maagondusting levesscayhl exisbaboyp bsloay: 6Finhot t om

surfaces 19afralfé PRAR bdpatitot 0k I&érdle%qﬁmﬁﬂ%%hé‘[o%p ldR6thdeGRivlckn 6RBRRt €d tO a

side surface of capacitor 1104, and thus to an internal capacitor
struct ur el [0dend sﬁr@m}i it may b¢ desirplele #r emhed spracHor 1004 ayrdoss o WBIWP vias 1112

extend fro r nor e ot her
package Ia?gzﬁéq&tﬁeﬁ@c% e eg7 rsﬁﬂgglaﬁ '? g@% é\:}]\ngg%%el%leggéeé%gindgi 1108. In
t he erﬂoodcmutkmeemi’uadatedumonﬁcgm@tlplﬂaycmfwmgen@k@errake contact with each
extended 20 | andiohd QhodiiGRY ¢ él?eqpéém&'l&ﬁ)%}{o SRR TRy bAlksorfbeh ff1ded

surface | and" aglous%m om sur ace of a
capaci t or conjunctich with Elgﬁkest Em;tdh3t [Figurd B2 1lllmmgteeaomgst‘sefs1mcm oftthwoextamderbr e vi as,

which are ipsul ated fro obec nct In other

enbodi mnﬁ%@cﬁg}ﬁ’?é&c"\i’?ﬁ@r %@fﬁ%%ing‘e%ﬁé a@BﬁfC %‘ %ﬁ etf) e@ged | and

1108, or cduiy emeddedid 4 duts@ath Qum@ncmegraed cmuttlpacﬁkageh irterpese@dckeand 1108,

even though the 25 extended ] and 1108 is |on e?}‘?fu?ﬁt for at |east two via
et

conned?d i offl/orPpogy atelsglicalipcongeted tpithedpp HY/HOPE PHPRCyj as 1112

to an eXt&HQﬁdehad}Qhe]s%Qs%ra&r@mg%ts AN ribe 1h%aﬁjuncﬁlaﬁlwlaﬁ Fea¢ ied to the land
1108, and a connection can still exist when fewer than all, of

the vias 1112 @apasitos d 209gneledes o pranere FALRCls %ﬁOP eaPlhOftWédeB](’J‘e‘?sne nt shown,
vias 1112, Qd Faﬁﬁ'st %h oM\'thtef@opﬁadeo? d66brh anRfsesbEOShabitor 1360. LIRS em4sHy f ace of

capamtor 11 I n other enbodi nents, one or nore vias could nmake contact
with convelmtn@ahlalcomdﬁd)to @xdeéﬁﬁw of spRasitesr 200 andyus erndripmakersfiot apaci t or

1104. | nstﬁl%'r 'v%%xdetér&‘r'{aﬁoﬂsl zqus not conpletely illustrate the various
onduc% ng and ’non- ductin ayers of package 1102, for ease of

descri ption. ITheamte)alaltqaaacltgaféﬂua‘rg@ idelydeg o amuelsor ®ig8 b208ptoTessefl / 44822
gg?oevr g:)gf%ﬁ%g’? %# sneparEte@ 8{1‘{) &%Togé la9?r 'lf‘ﬂbgif SieftHInfiat above,

capac to mnimze the | oop
i nduct anCMobmtg\&ewnwmﬂpﬁmm thetop e]lc]:fﬂddeall?di; Ahaidlectdodend 208 elestrisallyesonhest r abl e to

enbed capacitor 1104 as c C 1102 as
possi bl e, maﬁntai(f%‘i‘i‘@tilpgt‘ﬂ‘f“ge g’ tﬁ%l[ehéigé ER ]ﬂt 5 q% te“i;'*rliinea crésglz%g‘ifi t%?cé%r@ﬁ%gﬁ%
enbeddgd Elactyaes 4id nobcbidateyellaeey 1208f 1220 sipphyl acapavitivagharge when the left

and right extended lands 1204 are electrically connected to power and ground,

respectively. In this embodiment, the left and right extended lands 1204 have opposite
polarities.
Figure 13 illustrates a cross section of the extended surface land capacitor 1300
25 shown in Figure 7 along section lines A-A. Capacitor 1300 could be embedded in a
substrate and electrically connected to the top of the substrate and/or one or more other
layers of the substrate using vias, as described in conjunction with Figure 11.
Capacitor 1300 includes two or more contacts, although only a single contact 1302
is visible along cross section A-A. Each contact 1302 includes one or more extended
30 lands 1304 on the top and/or bottom surfaces of capacitor 1300. Land 1304 is electrically
connected to the side surfaces of capacitor 1300, and thus to an internal capacitor

structure, via side terminations 1306.
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Vari ous enbodi nents of the internal capacitor structure will now be
described in conjunction with Figures 12 and 13. Figure 12 illustrates a
Cross secwiga/s08s2t he extended surface |and capacitor 120Qp@howi/44g22 Fi gure
6 along section lines A-A Capacitor 1200 could be enbedded in a
substrate, such as an integrated circuit package, interposer, socket 1lo
and/ or PC boafTtle ireroalehpcitor statting inshrinebtoeyt mase elagradepl 38, 1388 substrate

and/or o or re t he y. i {: .as descri bed
- conj anoEre s dleg gt R Senlucbf R hoRAR eI S0t yBS S T2
cont act s ARAORKI. PhemgabwwhadHramibt topetectradet 80T edectratedd 30D@&ctinally he t op

and/ or bottom syrfaces of. capacjtor .1200. . L 1204 . hcally
connect eocof“a)er‘%to ohbSI WW&%‘OE? Bcogpaélgiefefﬁ?()dfi gg,&ksc}fnréqf %nglé&ttcg&gﬁlt {erﬁ er nal
capaci 4 orterpdibatioh 18064, UTHse ¥ the Sled®dései3ng that doms cdB6.to Teaident er nal capaci t or
structure includes two or nore el ectrodes 1

208 formecl ﬁé conducti ve
mat eri al , CEHERLOEH L0 copnss o dAEhH coNaTt &gt Shayd ok 54rselY 1aP% ectric material .
Movi ng  doxmaafishlf, @68 1801 180sakl hodeontid@iBe 1dyes 18l @aipphdagpdtaia
electrically connect, in an alterpating manner, to the left and right side

t er mi nat i Gaige whew the gxtepdad Ipngh 1304 piribe other CQP@EH(PGCT’E%W‘Q&EF Heriathduct i ve
layers 12<f%>§ne 1210 8&!&&%& cPuR@REGEIVMS. BIHAIs@mbaliaint, te 14feddd rigandde | ght

extended | ands 1204 are el ectrically connected to power and ground,
r espedt i vietnyinations { Hi6hagehedameplarity.he | eft and right extended | ands 1204

have opposi te 1, Bl ahbddifis, (il AR ddalilol UAIhALARodn il 108GeSLALUAD O the
extended surface |and capacitor 130 25 shown in Figure 7 along section

| i nes A- Aare Gapaicicapacitd300 esherledbbdimenth dhiisiticiuresgould bpEarmgd Eom qher
electrically connected to . - nehg or nore other
| ayers of‘n?%gmg dheErat gla%g%l?fgn%&%g?lkg Q%éésl g? ;ﬁ%{egglﬁnﬁglgﬂ%tnct ion with Figure
11. Capachltieougi 800 eletreddes €208t 13070¥30Rereshewnincetls of lﬁgurmbgamddhlryora singl e

contact 130 is visibl | ong.cr.pss _sect| A-A. Each contact 1302

i ncl udds 9 EW%IF?%P%S&%@&%&%?Q%"" %ﬁ&i"’%ﬁﬁgon the top and/or bottom

surfaces of capagé oMuidMaes a flantlad 30¥métodfoe tbricaimk lay extemiedenfaed to the

side surfaces of capacitor 1300, an hu an _internal i,tor

st r uct ur elandfapadiog & *icé?rﬁf“f?ﬁt“fﬂgr‘?ge irg%éﬁmefg O%I%e 8570 8E 5’% PET, % @%1/444822 The

i nternal gaRRAWeRwealif tincRor With Fid@ss 1337, whidhreschbreaticropebe secli®@®7, 1308,

formed of conductive material,. and sg{)ara&?d bg one or. nore I%%rs 1310 of
tend sirfag? 10 ki

di el ect ri BlustraiingVauqus SRERH % FOHEMRRAT CHPRLY
el ect npdegl 3 e Rfthdrk 6Bk Yresent invention.

The method begins, in block 1402, by fabricating an internal capacitor structure
1500 (Figure 15). Internal capacitor structure 1500 includes two or more electrodes 1502,
formed of conductive material, and separated by one or more layers 1504 of dielectric
material. In addition, in one embodiment, a top cover layer 1506 of dielectric material

25 exists over the top electrode 1502, and a bottom cover layer 1508 exists under the bottom
electrode 1502.

In one embodiment, dielectric layers 1504 and cover layers 1506, 1508 are formed
of a ceramic material, and electrodes 1502 are formed on the layers using a screen printing
process. Electrodes 1502 could be formed from copper, nickel, silver, palladium-silver,

30  tin, gold or other conductive materials, as is known to those of skill in the art. The screen
printed ceramic layers 1504 and cover layers 1506, 1508 are then stacked, pressed, and

cofired using fabrication techniques known to those of skill in the art.

14



connect to both side term nations 1306, and el ectrodes 1308 do not connect
to either side 5 termnation 1306. Those of the el ectrodes 1308 that do not
connect twadrsosizde term nations 1306 connect to anot her rEOMTSACH42m0t
shown) on capacitor 1300. Accordingly, electrodes 1307, 1308 and

non- conductive layers 1310 supply a capacitive har ge when {he extended

| and 1304 and Ip Rihersohodingsi seuctirn bi00spdbs famed §P‘§ el onnect ed to
power andygf QURAE. eB&@pgﬁ&Ts,' p6B/n¥ide-bRss BirngoSRAGtERER TEfon] Hlled Pbky REMEs,M i ght  si de
10 term nations 1306 have the same polarity. I n one enbodi ment, the

i nternal inieptier moldedsplastie puthe dike hSapradprrgegutestor puildipgrpiigvelyele ceranic
capact t of Gnql @bt ARG HRIAS theh BECRpIb IS Rechhd KHBwh RIHERE o om ot her
i norganic or organic matérirals, mny o Ich are known to those of skill

i n t hes arskill inAh¢ &rt tgis cfeating aiheltipledaiss star®g: 15080 These EBnigyes cehown i n each of

Figures 12 d.13 re : [ : ! l.21.0t her
enbodi rren‘tngﬁg?ziﬂglf ?{%nq@& aln%?%rg@@atf() \£§Ofgﬁ¢t?l§%é§2%§?’ r%%&gaq g@% ﬁ{glgﬁ’%édrtﬁghbri cating
an ext endmthtingy lhainatiod, ambbthepamiesses for selativdy adigorwgmévianheondndtiveli ment of
the present invention. Figure 14 should be viewed in conjunction with

Fi gures 18Mpn-cop uﬁﬂved}:‘%e‘%%ermti c cross sections illustrating various

stages of fabringall biher exibodicangashcaiy {590 eolldhea sagieaidheor stmcaecor dance 20

wi th one enbodi nent .of the esent .invention. The met hod begins. in block

1400, Ty REBIRAT RGP OB T Mosp T s G OT LS Mope ERT: 15)

I nternal &ARRGInMchiithddCdouldbelibtol el thdeBucturd or nore el ectrodes 1502,

formed of conductive material, and separated % (ﬁ‘g‘ﬁ or %é)ers 1504 of
Leripsae

nor
dielectric mandlaok404 fandgika0p; 194 (igurg e tap @SE’YE &t | ayer
1506 of diglefhidrs £50881508ioRthe 2RpRibiSkiGCt0a600. M8 chopmbddaatitodR iléd2, and a
bottom cover |ayer 1508 exists under the bottom electrod 2. In one

15
enbodi menby scekeaipeipting lands 49 4 645utha i G orRotOROYY laysesel > §’5](§gg'ar e forned
of a ger aES‘cht%r Ef&tdﬁ&iv@knate?iaﬁde?bﬁ&&{ t@&ﬁﬁqiléﬁ%wﬁ&@thf)wdf%ﬁ'ﬂl%'tﬂeﬁﬁ cb@M®ES using a
screen printing process. Electrodes 1502 could be fornmed from copper,
ni ckel , sidedanr othgahibadimentssi | ver, 30 tin, gold or other conductive
materials, as j. t Jolok el dbdt ; B6fs. printed
ceram c IayerSEI%E%%%Jta@%Vlgr@iﬁggi?%mfggtgl,l&f%%gs’gé gar%?ﬁgﬁl?ggcggke?j, pressed,
and cof i Ladlsis§0)g6Fabniddetfomred feohenpgaresickeh silrertmalladivnsilydr, Wkigpld i n t he

art. 18 V0 021 90062, FCTLUSOL 44822, L AL DFG PACkiToNt 5. St uct ure 1500

erlia
20 In one embodiment, lands 1602, 1604 are formed after the internal capacitor

structure 1500 illustrated in Figure 15 has been completed. In another embodiment, lands
1602 and/or 1604 could be formed during formation of internal capacitor structure 1500.
For example, in one embodiment, internal capacitor structure 1500 is a ceramic structure,
and either or both lands 1602, 1604 could be formed before the various layers are stacked,
25  pressed, and cofired. Therefore, in various embodiments, blocks 1402 and 1404 could be
performed together or in sequence. In still another alternate embodiment, lands 1602
and/or 1604 could be formed at a later time, such as when the capacitor is embedded
within a housing.
Referring back to Figure 14, side terminations 1702 (Figure 17) are then formed, in
30  block 1406, on side surfaces of the capacitor 1700. Side terminations 1702 electrically
connect lands 1602, 1604 with the internal electrodes.
In one embodiment, side terminations 1702 are formed using a dipping and/or

striping process, as is known to those of skill in the art. Other conductive material
15



such as FR-4 epoxy-gl ass, polym de-gl ass, benzocycl obutene, Teflon, other

epoxy resins, injection nolded plastic or the |like. Standard procedures
for buil divigoaspsd2evel s of  conductive and insul ating | ayergge@sdgen be
enpl oyed using techni ques known to those of 5 skill in the art, thus

creating a multiple layer structure 1500. These techni ques can i nclude,
for exarrpieposnmnyteqimmlmssiamwom bseptickill|in thearficawh Pe usedieetherl deposi ti on,

pl ati ng, ri.nt i n n S tively addin
br 1 emovicA U Be s a0 02 B Bhe RimBl RGRSATR, Wil GhER) | 00 ¥ 24 N9
enbodi ne rﬁaﬂadmmlfsucérunire gdlﬂ(bf) othendodduzévamgterials, an tkmpwn tosthpseexf gleid in 10

Accor di n%% various sem conductor fabrication techni ques, including

mat eri al sition and doping techniques, could be used to formthe
structsure. In deatllﬁ} khd thQds, 16|02,r1684 Aa2de tdipiidatiohs m@aarelpﬁa)tecaﬂheﬁ@samdnon t he

top and/qr m  cover y 1506, 1508 t he.capaci tructure 1600.
I n one erP&?f& tandfq?”%eﬂi‘%l eﬂg%}latb’ﬁ%eclf"écgﬁn&ef‘ﬂ?‘%ﬁ“ SHYHS! E‘éits)ﬁ1 °8¥604 on the
top and/ %rmﬂaatnaéhmu@@garbaﬂramhﬁg lar%@&s @%Bilaﬁrfg 1EnAResI@BAHES thue: ofat eri al

deposition techniques known tq those of s in the art gould b used in

ot her entssill imdhe gt cquid bratsedoin ofist pmbedirasnts eb plafigg Aroges cpd UsEaBKQEY | andss,
in vari OW 1§c metaf} niﬁ@luéiﬁé) goppelIG Qﬂ:kélosli‘lva Fﬁla&ﬂfn@l@eﬁc fif[FoROPPEr ,

ni ckel a iumsilver, tin, or ot her conductive materi al S,
as |510I<nmxn¢tlteoc€mdgsté/ecmat6§i@151 ¢s1$hmmetoéhqse<>%ﬂllﬁﬂeﬁrﬁét enbodi nent, |ands 1602,

1004 are for eg ALLRLI LA ARl SR glanqrca%a%ﬁsag%mtﬂo@@@egcmé@t rated in

Fi gure 15 has been co ment, |ands 1602 and/ or
1604 coulid tﬁm/atmumnbodumqntsglbbm mtheonplmfedm@eramantegratpéeurctuairpagltaggct ure 1500.
For exanpl

in on n 00 is a
ceramc slPY%EPCF‘E{r %OCEet a’}@ e%“‘omﬁ 1?%6}11 %%Q?%%%gra%g(fﬁ%%ﬂ% e formed
before t hﬁtevpﬁseroslﬁkétaatﬂﬂ’@ toael, stich okeblich 26ulpmebidedne ambreehbaddet, Ther ef ore,
in various. e cks 1402, and 404 t oget her
or inlkse nggs‘ﬂrﬁE%ﬁam ?apﬁﬂ@fsﬁgﬁccgﬂag?en‘g’t Vaﬂngso%nb%dp%msl i cfg{él% 2 and/ or
1604 coullelvémoflor med at a later ti me, such as when the capacitor is
embedded w thin a housjin err back to. Fi . 14 Lde term nations
1702 (Fi gure 1o#3tting go@ﬁ@ﬁg?ﬁ% r’i‘% gt ﬁeéﬁlﬁcuitggéﬁsi’ﬂﬁsgﬁhg surfaces of
the capacifeefateHi@Quit SiclBzet1804M Iﬂ@@ia%&lrélﬁﬂﬁioebmmm oiizl dryhom:ﬂfunﬁs;t | ands

:J

1602, 1604 with the I nternal el ectrodes. n?gdl nment
t er m nat i whish areeiechically eonpestpdiie II%‘F@Y%G%%BY‘ H@c /38 ygqqnpﬁprﬁZnoﬁr ocess, as
is kngd/vn ghgwhj]ose of skill in the art. O her conductive materi al

Integrated circuit 1802 could be any of a number of types of integrated circuits. In
one embodiment of the present invention, integrated circuit 1802 is a microprocessor,
although integrated circuit 1802 could be a memory device, application specific integrated
circuit, digital signal processor, or another type of device in other embodiments. In the

25 example shown, integrated circuit 1802 is a “flip chip” type of integrated circuit, meaning
that the input/output terminations on the chip can occur at any point on its surface. After
the chip has been readied for attachment to integrated circuit package 1804, it is flipped
over and attached, via solder bumps or balls to matching pads on the top surface of
integrated circuit package 1804. Alternatively, integrated circuit 1802 could be wire

30  bonded, where input/output terminations are connected to integrated circuit package 1804
using bond wires to pads on the top surface of integrated circuit package 1804.

One or more of the circuits within integrated circuit 1802 acts as a load, which may

require capacitance, noise suppression, and/or voltage dampening. Some of this
16



15 WO 02/50852 PCT/ USO1/ 44822 deposition techniques known to those of

skill in the art could be used in other enbodi nents. Side term nations 1702
coul d be Wworomsds®2r om copper, nickel, silver, palladi um sidorewrsoitsis?2 gol d
or other conductive materials, as is known to those of skill in the art. 5

Finally, the lands 1602, 1604 and side term nations 1702 are plated, if
necessar gapagitancdis otdvided0ig one erabadieenivat the aregsd G1verbio: irigradiers| 18%s and
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pal | adi u in, her conducti ve terials, as is known
t o t hase pafvidel id Mtdgmtddlmomt 1802 dscdmsdding moltage éammmmgwnd esisen d ed surface

o U MRS R R P oh B0 gt o above,

rCUI package, I nterposer, socket,
and/ or Pegdaganst.cadti @uroe haSa felativaly fomt inducaamcé pitietyrtat éid. ci rcuit package,

i nt er poser, socket ng. PC boar l.d 4 .ncl e or nore
enbedded, 15 Ek‘i]é‘i‘iﬁgg’ %ﬂﬂ" ?qngér‘?c}a Baccr‘tf’%ﬁgsfr‘}gg%léglrl 5%8%{9%1? vari ous
enbodi ”EWﬁuﬂBteFﬂ?ﬁerﬂf86§ %Béket igvgera b@di’d 1zsna>r sémgedntimatibintheteop of Fi gure 18,
an integrated circuit 1802 is hou f?ﬁ 61¥6 i nt %g%at .ed Oiércwt ﬁackage 1804.

| nt eglat defegrpted Girquitpaenc A4S AYP TRASFT! SEP P $080°T COREE ™Sy &

el ectri C%h(%]myas%gl” 1088 65 dRndcabRARAL S5k Xhihfle] In ARGkAEELCLBAM yegranaect or s
(not Integrated circuit 1802 coul d be of a Q%er of types
of int egrcat@tjpf?@k&g@digﬂ couldhbe Qepiricalbpeng %ﬂ?albffcmerﬁétegf%%mosvﬁg tion,

i nt egrat g mglarbﬁq%(ﬁ OQ&Q&(&%@ Ogcggngmgr ocessor, although integrated circuit
1802 coul e’a nenory Vi C m)F(EéI cation specific integrated circuit,

di gi tal si gnalntpposce86ris CQ)’rpleé pard { i thougied sqeketi R0 e b‘éar%odl ment s.
Il Et tegf 23&?@% eefxsah Mhm;vﬁmﬁgx}rﬁ)@%e??%e 1ﬁcﬁﬁﬂe§ 189714, $nfeh nfakd Wiehi p” type of

anl ng I nput Pout puf termnations on the chip
can occurcomblemeytagqnmholemmsbdceELﬁOBaA@emNVteé'r lntftrbf@eltlrﬁoé cpidld bpeen readi ed for

att aChrTen ]Ié r@%h%%g INAA, ed (?agc? 1 s&ld ofueo ﬁ‘gdsucl?é(ser and

attached, "\?fr%?a s or Chl NG s on top surface of
i nt egr at Qﬁll@hd @h‘h}t cqpacdiage fdr&@aﬂnplé\l linesnli amotlm Iayt?rnattﬁ tobedimend, iniegretsdt 1802

o e o P AE Lot DT Gl G B ol B BRU RSP BNNect ed o
20  without using an interposer. In such an embod1ment integrated circuit package 1804 and
PC board 1810 could be electrically and physically connected using ball grid array or
pinned connections. Other ways of connecting integrated circuit package 1804 and PC
board 1810 could also be used in other embodiments.
Printed circuit board 1810 could be, for example, a motherboard of a computer
25 system. As such, it acts as a vehicle to supply power, ground, and signals to integrated
circuit 1802. These power, ground, and other signals are supplied through traces or planes
(not shown) on or within PC board 1810, socket 1808, interposer 1806, and integrated
circuit package 1804.
The configuration described above in conjunction with various embodiments could
30  form part of a general purpose electronic system. Figure 19 illustrates a general-purpose
electronic system in accordance with one embodiment of the present invention. The

system shown in Figure 13 could be, for example, a computer, 2 wireless or wired
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using bond wires to pads on the top surface of integrated circuit package
1804. One or nore of the circuits within integrated circuit 1802 acts as a

| oad, whi @lp ¢¥E¥ss2r equi re capaci tance, noi se suppressi on, ged/goiME2bage
danpeni ng. Sone of this 16 WD 02/ 50852 PCT/USQ1/ 44822 capacitance is

provi ded, in one enbodi ment of the present invention, by capacitors 1803
enbedded centriunisatacdeaiye (48 04lepitine.seodsmperti nbons PagDIadipeie). actri cal |y

connect e(%elqu%i&gﬁrf@n%%;%‘ﬁgly;%&ﬁfehig@#’ﬁg%?%’ r@ﬁicls%"f’e?ﬁ. in part, using one or

nor e extende ace’lan ove.” I'n this manner, one or
nmore | evel s offhaeldéttdndngyktemaphwis¢damome ar moreP(hpawdsdand indudent egr at ed circui t

1802, al so. _providi alta danmpeni,n i pr Wolr en needed.
The cl osémﬁﬁ%BW?ﬁs?{/i%(g%(’l ﬁ%%%d(g*r#ﬁ?t af%%ggﬁl}géiehgér%?sercapg’cslo a?lzzée?ﬁ’?mdg;ms t hat
each sourioeo,paseesupplyabi v,slgpall ppovessod1fd R candengoatyn 1916 ditegrateécirduit ot her

enbodi nents, extended | an apaci S 0 9,.,1811 are enbedded w thin
i nt er pos é%a"l?é?)éé,%s B‘(’:?B‘fseﬁ&ggz S%gfft ﬁ)%dgr ?P]a?%ﬁ? %cfﬁ’%%%%gé “ati1°Ch thereof. 10
| nt egr at egeaiiddbid capaitonas okBPdevicss hattx sdudtad ddrenibedded wiidhers] ng sol der
connections, such as ball grid ar r%y connecti ons (]).[812, fdor exanple. In
anot her dhBesardeas With varioys embesiments of e PresqRidAFRUIB IACESRIEBE el ectrical |y

and physigally 160 RGhEdr 19081 HiQbREEBINY cdPPPmicksprdt@ssdr FHOAMEBusAO1Ot her type
of connection. Interposer 1806 is coupled to PC bpoard 1810 t hrough a socket

1808 #h AToisaiodiclivs pegerand camiyaicaionHgnals BHyRRR MicFRPEIHESRI?0180% i ncl udes
pins 1814, WA Gl RIEHMIOF). 1RQAPLAHRIAEH YbuR | o1 QLSS mitrspPsdesbr 1A8.

Al ternativ lI y, interposer 1806 could be electrically and physically
connect edotrsRE BYdr ppwes $eplis| N, and sigas! peesassactql8nEloweyrenHt 5O bal | gri d

array conuglggrggoggam% f}lgdgte@gtg\g%@%ih@né bk dnb pREGk BRen @Rt SR GegBPambumENt ,

integrate crrcul C oul d be connected directly to socket 1808
and/ or PGahbacapl8 10 meg®ryi XA mewensippky 19h1.iand sigped peacessoml 932 Brough

enbodi men%.f intﬁi)e rated circuit package 1804 and PC board 1810 coul d be

el ect 1 caffigren b'gsﬁiysi cally connected using ball grid array or pinned
connections. O her ways of connecting integrated circuit package 1804 and
PC board 18&0. could al so be used in other enbodinents. Printed circuit
board 18% be, for exanple, a notherboard of a conputer 25 system

As such, it aqghs dagriptiog Bbdvkadefifessenppded 1poar sevgnbuayd, inaewdrasi gnal s to
oyt bl S By PR 100
sockety 1808 beldaiBibBPHahe dXPhvo paidrdphd. egr at ed
For example, in another embodiment, an “extended surface land” is a side or end
land on a top or bottom surface of a capacitor having a land length that is equal to at least
40% of the width of the capacitor. In still another embodiment, an “extended surface
land” is a side or end land on a top or bottom surface of a capacitor having a land length
25  that is equal to at least 50% of the width of the capacitor. In another embodiment, an
“extended surface land” is an end land on a top or bottom surface of a capacitor that has a
land length that is equal to at least 40% of the length of the capacitor.
In still another embodiment, an “extended surface land” is a side or end land on a
top or bottom surface of a capacitor that has a land length such that a gap between the
30  extended surface land and a surface land on an opposite side of the extended surface land
is between 5% and 50% of the width of the capacitor. In still another embodiment, an
«“extended surface land” is an end land on a top or bottom surface of a capacitor that has a

land length such that a gap between the extended surface land and a surface land that
18



circuit package 1804. The configuration described above in conjunction with
various enbodi nents could 30 formpart of a general purpose electronic
system Fiwvgureod® illustrates a general - purpose el ectroniRCTIYS /4822 N
accordance wi th one enbodi ment of the pr esent i nventi on The system shown
in Figure 13 could be, for exanple, a conputer, a wreless or wwred 17 WO

02/ 50852 cRTRAUBIDPas 3itle of herenianded siése fad istyeng % and0gpHdbte, modem cel |
phone, pZﬁng{h of b QaPacitBl. Gn bill ﬁnott}%ir EXbotiRtht, £ “BRBAdedSurfRE 147 fs¥aldey any ot her

type of ctroni c system ectroni ¢ systemis housed on one or nore
PC boar dsr erslriahd ancd tapl esbotivincyuoipeed @ sepeitardoving p angdthat doeredtordhgnt package
1906, Itp% oser 1908, socket 1909, bus 5 1910, power supply 1911,, signal
processo and nmenory 1914. Integrated circuit package 1906,

i nt er poser 1908r,ims«tmlbediimbﬁ@9f a eapd¢itor strustire@donethatisiofibricating that or nor e

ext ended | and rs.or, gt her..deyi ce n or enbedded
within t ﬁ@‘r‘ﬁtureg 3’88‘2)& gived, :a?l}ghw\}‘aar cIYescrsp %lo}r’TBPttclfl ﬂ{cglip 'ESBHP h ?ﬁeg)pr esent

i nvent i oRtudtit lehﬁxtaﬁﬂbﬂtalt&aﬂdta geﬂﬁﬂhﬁgﬁselcﬂ&ﬁsromcrwmmoﬁm de]s@ﬁ)ﬁlpn and socket
1909 coupl e m r oces§§5®1904 ta bus, 1910 10 I iver power

and co rmﬂpﬁctf%]i esrf‘ oriRredqg feapaciipy B SPoYdLYE P Qtf%g S'érr%fe i devi’des coupl ed

to bus 1Q1fratk nTH@@ap@MﬂéﬂfMano@é@nbbﬁﬂa&n&@mIceﬁldmsb GlirfHRE aRasisdlo a1904 t 0
menory 1914, power

1911, and sig essor ver,
to belo uﬁ@l‘@f@?o@d"’@c”h zl‘tl aﬁkigtl%b fhevaEqus gwb %‘ﬂ’ﬁ‘ﬁ‘&f?ﬁfgtﬁ‘? gxigpde ﬁ‘g%‘}ﬁ? EO @% i nvent | on
M Cr Opr 0GEHS 8L aéﬁ@é t0 Gtﬁél d?s%re@@d@lc@sd(e%? if¥RBBfsyreditbtk, triRWRYs, sppl y 1911, and

signal processor 1912 through 15 different busses. Cbnclu5|on The
description, Nfdleshe foeczping sxanxales i dimangiprsand ranges,ae spnsigsird QL &y er al

enbodi e n%u%us BxhS 81%&5 0 ﬂ%%\%es ks %ndt nirrf?tte@%r SUNRYBneh @R rdhg&d 18 ot her

enbodi nmen ed 1n the next two paragraphs. For
exanpl e, reaogmmnttharth@metmidmﬁmnmdum istegererlydedige flaies dimepions Orahesi de or end

| and %t 0%5{09'5@&8 0 %&;% x| c@%gneg‘E a capacitor having a land length that is

equal % of the capacitor. In still another
enbodi ment , al‘nthemregmh@dmﬂleﬂdcserxptioandferanseEnmddéo e aeoquipRifE on a top or

Dot o U 558, S S APEH R L B AP TIBA AT syl 0
" ext endednfdiiRes ih ¥l theSnedhtiontay Wm‘a@l%ch Tiege enbddonéntrars dasérited of a
capacit Orm t&?f%élerﬂ detaﬁ to enable those skilled in the art to practice the invention.
20 It will be appreciated by those of ordinary skill in the art that any arrangement,
which is calculated to achieve the same purpose, may be substituted for the specific
embodiment shown. For example, additional layers of patterned conductive materials and
vias for carrying signals, power, and ground may exist between, above, between, or below
the embedded capacitor structures shown in the Figures.
25 The various embodiments have been described in the context of providing excess,
off-chip capacitance to a die. One of ordinary skill in the art would understand, based on
the description herein, that the method and apparatus of the present invention could also be
applied in many other applications where a capacitor having a low inductance, low
resistance, and/or highly reliable path to a circuit load is desired. Therefore, all such
30 applications are intended to fall within the spirit and scope of the present invention.
This application is intended to cover any adaptations or variations of the present
invention. The foregoing detailed description is, therefore, not to be taken in a limiting

sense, and it will be readily understood by those skilled in the art that various other
19



| and I ength that is equal to at |east 40% of the |ength of the capacitor.
In still another enbodi nent, an "extended surface land" is a side or end

| and on awd@Bogsz bottom surface of a capacitor that has gdrsikengt h such
that a gap between the 30 extended surface |and and a surface | and on an
opposite side of the extended surface land is between 5% and 50% of the

wi dt h of chéngesiapiacdetails, materiads, phd arsangeoreats of tisaditsrenst steparvhiclebave hefdd sur f ace

land" is an _.end l.and on.a t [ r . ' that has a

| and Iené?ﬁ“@ﬁ@ﬁd?ﬂgymgdGaﬁgﬁgge @ﬁﬁﬁﬁghéﬁvgﬂﬁgggéﬁ??éc éﬁﬁkand a surface
| and t hatwifh8u\#p£ENH 6D 2heR Tt Ed ol @2Re ingamiba et sxpassedppiiwiatieingigde of t he
extended surface |land is between 4% and 50% of the |length of the capacitor.
In still @Bt her enbodi nent, an "extended surface land" is a side or end

|l and gn a top or bottom surface of a capacitor having a length that is
greater than 0.6 mm 5 Various enbodi nents of a capacitor structure and
nmet hods of fabricating that structure have been described, along with a
description of the incorporation of the structure within a substrate and a
general - purpose el ectronic system The description specifically refers to
enbeddi ng a capacitor with one or nore extended surface lands in a
substrate. The capacitors of the various enbodi nents al so could be surface

nounted to a 10 substrate, as well. In addition, the various enbodi nents of
t he extended surface | ands could be applied to other discrete devices
(e.g., inductors, resistors, transistors, etc.). Wile the foregoing

exanpl es of dinensions and ranges are considered typical, the various
enbodi ments of the invention are not limted to such di mensions or ranges.
It is recognized that the trend within industry is to generally reduce
device dinensions for the 15 associated cost and performance benefits. In
the foregoing detail ed description, reference is nmade to the acconpanyi ng
drawi ngs, which forma part hereof, and in which are shown by way of
illustration specific enbodinents in which the invention may be practi ced.
These enbodi nents are described in sufficient detail to enable those
skilled in the art to practice the invention. 20 It will be appreciated by
those of ordinary skill in the art that any arrangenent, which is
calculated to achi eve the sanme purpose, may be substituted for the specific
enbodi mrent shown. For exanple, additional |ayers of patterned conductive
materials and vias for carrying signals, power, and ground nay exi st

bet ween, above, between, or bel ow

20



t he enbedded capacitor structures shown in the Figures. 25 The vari ous
enbodi nents have been described in the context of providing excess,

of f-chi p wapecosance to a die. One of ordinary skill in treTarg01M8828 d

under stand, based on the description herein, that the nethod and appar atus
of the present invention could also be applied in many other applications
where a capacitor having a | ow ind%%@®9$ | ow resistance, and/or highly
reliable path to a circuit load is ed. Therefore, all such 30
applications are intended to fall within the spirit and scope of the

pr esent L@¥ent|on This application is intended to cover any adaptations or
vari ation ﬁﬂsﬁﬂﬁwﬁﬁksent i nvention. The foregoing detail ed description
is, therefore, not to be taken in a limting sense, and it will be readily
understood by those skilled in the art that various other 19 WO 02/50852
PCT/ USD1/ 44822 coppdiRfenitiiinghe details, materials, and arrangenents of the

parts and st epg inthhiChpRAVEIRE8R; aI@_escrlbed and illustrated in order to
explain the nature of this invention, be made without departing from

the spirit andn %@?f@dé‘ﬂrf%cﬁéanndrﬁ}%qwqag}ﬁC%e‘é@@ptf’é‘%@@“lahcaﬁ’ﬁféméﬁf”@?uiﬁ ng
clainms. 5,30, 13853082¢ o %/céﬁ%r%ﬁgan tHeleRleMRd WA 1drdl ol Rlag@d 1s: 5 1. A

capaci tor conprising: an internal capacitor structure; and an extended
surface | lalllﬁﬂh tha is e egetighyfordwime Boeiasdo bheonnpgiert taalle exigpded sufAcest r uct ur e

and f Fnc?th(? %ﬁmﬁﬁe&g‘thqg Feagthcom%k fed SM\%@%@ Aeaeneisd surface land

has a enou two or nore vias to be connected
to the exctagmtedogu reﬁ@w%thd_@ittlahdl Sur&ndlathhen 41 dingdtipe pgpendicylag to theredgh. of t he
extended surface land froman edge of the capacitor to an end of the
extended surface land, in a direction perpendicular to the edge. 2. The
capaci t or2. as dhakapaditirns clamahin clafm,tfhgrer eomipisingiong obmeregddifionad  addi t i onal

ext ended Su! i t re additional
ext ended © asclzlgla?eqarajs ﬁg%élgﬁp%%%glﬁ@epogl gf?‘]t;&e rglgﬁq ﬁgtre%%(g?ended surface
| and. 15 s’ﬁrfaéléhmdsanp:am dpposiepolakigi fivewl therxtehdedmufacewdndr ein the land length is
equal to at | east

15 3. The capacitor as claimed in claim 1, wherein the land length is equal to at least

30% of a width of the capacitor.

4. The capacitor as claimed in claim 3, wherein the land length is equal to at least

40% of a width of the capacitor.

5. The capacitor as claimed in claim 4, wherein the land length is equal to a width of

20 the capacitor.

6. The capacitor as claimed in claim 1, wherein the land length is equal to at least

20% of a length of the capacitor.

7. The capacitor as claimed in claim 6, wherein the land length is equal to a length of

the capacitor.
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30% of a width of the capacitor. 4. The capacitor as clainmed in claim3,
wherein the land length is equal to at |least 40%of a width of the

capaci t orwg2/sb88 capacitor as clainmed in claimd4, wherei rpdiingsohasdz! ength
is equal to a width of 20 the capacitor. 6. The capacitor as clainmed in

claim1, wherein the land length is equal to at least 20%of a |ength of
t he capa@i t or Thefapaditer asajraimed mroleaw Icivhirein dhe lgnddpagthiosultsipageat n t he | and

| ength i t9 a hength | Q% |
ey uso1 Pafigophe ey SR bl gpd SEARORRI (e MRRRALIEE. ¢ | and

| engt h r @gpatitcs thanisaogmgre tiah ilxeof atwidtheX thewe@ditaur f ace | and and a surface

| and touching an opposite edge of the <capacitor that is no nore than 5% of
a width of the capacitor. 9. The capacitor as clained in claim1, wherein

t he | and 9l engTite dapsdifot & dlaimad gagaim hehoeiarthe led length rgults isargkaice | and and a

surface | and touchi ng an_opposite edge pf.1he. i f.ar | S no nore
than 4% &Gftwgeq ﬁ@i‘tﬁm%fi S'frlﬁaecggaé'a%?? 5?%0‘1@@ {Pﬁe lréé%g(gp% %)lr% e&é@@fﬁ%e% nmed in claim
1, wher eichpd# thadissioabre GiRpaCs bforlemtlr ofthaicapaciioncl udes ceramic. 11. The
capacitor as clainmed in claim1l, wherein the internal capacitor structure
to includes organic materials. 12. The capacitor as clainmed in claiml1,

wherei n tipe exheaasdios i di@aRd irbelslnClomheremahe inteanal tapstitcs sguwotire t hat ext ends
across a width of "'the capacitor; and a second segnent that extends

per pendi deflugdes Gerdpism about a center of the first segnent to an edge of the
capacitor. 15 13. The capacitor as clained in claim1, further conprising:

two or nore side term nations havin sa larity,. located on a side of

the capadit ofheeppaiiosat ‘Plﬁ’é‘gﬁPWCIE‘%ﬂé@F@Hﬁ%ﬁ?WI8%%/1815058@“ Fface | and and

to ong) oryy, e?org@ﬁi@ﬁiafe?ig@fs of the internal capacitor structure, wherein the
e ace |

ext ended sur and fornms an electrically conductive plane on the top or
bottom surface of the capacitor, that 20 connects the two or nore side

terminati@ns, (4g L0664 BeflciGRbhih £omdien thy extelden eurfuoe landesnprised: ds t hat
al | ow opposite polarity lands to be electrically isolated fromthe
el ectrical |y afirst segment that extends across a width of the capacitor; and

a second segment that extends perpendicularly from about a center of the first

segment to an edge of the capacitor.

15 13.  The capacitor as claimed in claim 1, further comprising:
two or more side terminations having a same polarity, located on a side of the
capacitor and electrically connected to the extended surface land and to one or more
electrodes of the internal capacitor structure, wherein the extended surface land
forms an electrically conductive plane on the top or bottom surface of the capacitor, that
20 connects the two or more side terminations, and the electrically conductive plane includes

voids that allow opposite polarity lands to be electrically isolated from the electrically

conductive plane.

14. A method for fabricating a capacitor, the method comprising:
fabricating an internal capacitor structure;
25 forming an extended surface land on a surface of the internal capacitor structure,
wherein the extended surface land has a land length that is long enough for two or more

vias to be connected to the extended surface land, and the land length is a length of the
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conductive plane. 14. A nethod for fabricating a capacitor, the nethod
conprising: fabricating an internal capacitor structure; 25 form ng an
ext ended @uyfm08521 and on a surface of the internal capaci tperr/gdoiMegnr e,
wherein the extended surface land has a land |l ength that is | ong enough for
two or nore vias to be connected to the extended surface Iand and the

| and | engttinded sarfdce fagtl fironf antddee ofthe wpadier B85 PUITE Brtended sufkpe laads ended
surface |.an om an f acitor to an end of the extended
surface ["4h recfl?f‘%ergfn(raggﬁl %ﬁh%o 5 a{ﬁ icular to the edge; and forming one or
nmore side ter farmmtglomel; muteisidle t@hmmtlonscwhllclyelc@ncﬁéldtconmtTéﬁ@?émﬂléél surface
land to on ectr he. i n structure. 5 15.
The net hd ?aég a('f‘Hg ?&?cf’r TPy %fnd Oftth neltrerenlt‘lﬁgag%rltﬁlpﬁ&%@}&le i nternal capacitor

structure conprises formng a ceramc capacitor structure. 16. The met hod

I I 4, wh
Compr Psedt o Mgl dsIPERP dublir WP dehdFmTE Am BRG] ¢ *17 e

met hod a%tr@dt@bﬂ@rdpmdasﬁir@ir@aloéram/kheapmmmitmcmrmg the internal capacitor 10
structure conprises formng an integrated circuit capacitor. 18. The net hod
as claimed in claim 14, wherein form ng the extended surface |and

conpr i seg6f or Thoy@ethb@asotdigpd arclsiti 1f4awEeré1alﬁdegthe intendl amehcit@ngt h bei ng
equal to at least .30% of a w dth t he capacito The net hod as

clai med iSHUHSCHPRUSES F’@larfaf"'ifr‘tﬂ’i %&C?W&S%O&%’%H‘édnaéﬂ%a ace land 15
conprises formng the extended surface land with the land | ength being
equal to at | east % f a le hof t he .cap |ntegrated
circuit pdckadbe ’(’E‘S‘i‘i‘ﬁ f‘%‘i d‘%cqgﬁ’p]ac?’vpg?m f?rﬁni‘gfh? Hléemaiﬁarfaﬁiter nal capacitor
strucfqur %trué%ﬁ&‘écgﬂpﬁé’és%ﬂ@%dm@g&ﬁﬁ‘ea@lecuht@a@m@{ ectrically connected to the
internal capacitor structure and formed on a surface of the capacitor,
wherein the extended surface |and has a land length that is |ong enough

for two ofg mﬂl@m\ﬂh@§ a§ &aﬁ%‘f’ed @r%]ﬁ'iﬁ?ﬂedfhér@mtf&ﬂnﬁ@(ﬁhe paeticdyifaeniand, and t he

land length is a length of the extended surf a}ce | and frolm an gge of the
comprises forming t e extended surface land with the land length being equal to at leas

30% of a width of the capacitor.

19.  The method as claimed in claim 14, wherein forming the extended surface land
15 comprises forming the extended surface land with the land length being equal to at least

20% of a length of the capacitor.

20.  An integrated circuit package comprising:
a capacitor, including:
an internal capacitor structure, and
20 an extended surface land, electrically connected to the internal capacitor
structure and formed on a surface of the capacitor, wherein the
extended surface land has a land length that is long enough for two or
more vias to be connected to the extended surface land, and the land
length is a length of the extended surface land from an edge of the
25 capacitor to an end of the extended surface land, in a direction
perpendicular to the edge; and

the two or more vias electrically connected to the extended surface land.
23



25 capacitor to an end of the extended surface land, in a direction
perpendi cul ar to the edge; and the two or nore vias electrically connected
to the extvengdedsaurface |and. 23 WO 02/ 50852 PCT/ USO01/ 448¢A&usdl/q4s8bhe
integrated circuit package as clainmed in claim20, wherein the capacitor is
enbedded within the integrated circuit package. 22. The integrated circuit
package as. cl Zhaipgiatedciredinpaebagewh eleisied it plaincXp 3bpredythe eapagHonift ed on a

surface_%%b&ngdgﬂéﬁg%gﬁgggng%gﬁévggﬁ%age. 5 23. An el ectronic system

conprising. a 0 the bus; an integrated circuit
package coupled to the bus, the integrated circuit package including: 10 a

capacito i ngl udin | jqts : t ended
surface P%hd,%% @%?gﬁﬁthe{@%ﬁ%%é%gﬁﬂﬁgaﬁﬂgﬁ%%?g&%gﬁﬂgggggﬁgggxstructure
and f or masbunted oma surfacaoftheint¢gheed cippait package. wher ei n t he ext ended surface

| and has a land length that is |long enough for two or nore vias to be
connected to the extended surface land, and the land length is a |l ength of
t he ext ended durfeatenidt synenfeomprisingedge of 15 the capacitor to an end of the
extended surface land, in a direction perpendicular to the edge, and the
two or nore vPd% electrically connected to the extended surface |and; and
a m cropr ocessafemopCaupidd anthabiwp surface of the integrated circuit

package, the 20, m croprocessor containi acircuit ich | | ectrically
connected to f“ﬁE‘te&?tteélﬁ‘ﬁ‘éﬂl?B?P%i’%ccé’“plte%ﬁéﬂegyﬁ’. t%"AI' gegéalteed(/:w}rrcgn' %C%g%st em as

clai ned ijpclgdigd: m 23, wherein the capacitor is enbedded within the
integrated circuit package. 25. The electronic systemas claijed in claim
23, wWHerein the ca%)%?d??‘il'@% ‘?‘gu‘ﬁ%ﬁ‘ﬂ 18§13 Cap%toﬁé@ﬁ %88 %ﬁe’{@l@eﬁt egrat ed

circuit packaggfacdfind, electrically connected to the internal capacitor structure and formed
on a surface of the capacitor, wherein the extended surface land has a land length
that is long enough for two or more vias to be connected to the extended surface
land, and the land length is a length of the extended surface land from an edge of
15 the capacitor to an end of the extended surface land, in a direction perpendicular to

the edge, and

the two or more vias electrically connected to the extended surface land;

and
a microprocessor located on a top surface of the integrated circuit package, the

20  microprocessor containing a circuit which is electrically connected to the extended surface

land.

24.  The electronic system as claimed in claim 23, wherein the capacitor is embedded

within the integrated circuit package.

25.  The electronic system as claimed in claim 23, wherein the capacitor is mounted on

25  a surface of the integrated circuit package.
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