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Abstract: A printed circuit board assenbly with inproved bypass decoupling
for BGA packages. |In one enbodinent, a ca- pacitor (103) may be interposed
bet ween a BGA package (110) and a PCB (101) within a perinmeter of the

contact pa ) that forma BGA footprint (102)., },3? paci tor (103)
may have pﬂ"?sof/%ga&? di mensi ons which allow a BGA package fég) to be nounted

such that thate AmiNtep phSITORIARD AKERELY BEiBeROIDS v ARPEES@LINGFOR) and t he
BGA (110). 6¢ABERAZE94 WO 01/ 67833 PCT/ US00131960 TITLE: A PRI NTED CI RCU T

BOARD ASSEMBLY W TH | MPROVED BYPASS DECOUPLI NG FOR BGA PACKAGES BACKGROUND
OF THE I NVENTION 5 1. TechrHACHGROUND aF THRINVENTOENt | ON rel ates to printed
circuit board assenblies, and nore particularly, to the use of thin

decoupl i ng gapacid,fhSicldN COH] unction with ball-grid ar ra?/ (B&A) packagest

10 2. Backgroun capacitors are used in e ectronlc circuits
to filter gut transi &R §°“‘T°Er°‘lf“ﬁg°|pfm S SEE A EE O R o BEYRFY BE o M8y st ens.
Transi ents SGEAEEPOOT ¢ ager-iprted-aperBremiary vol tage drops may have
adverse affects on various circuits, and may possibly cause erroneous
operation Trans.@ndusidmy often tines be filtered out of a power

di stribution Sy%tec%mu@yap;cmﬁ alléﬁs@d 1911ec&§1p&8ﬁt}t9ﬁll§ron(tmglgts ln%’neu' assoc1a@d @J erred to as

decouplin connected 15 between a power Iine and an

el ect IF‘)I c alg) éxtgmbunon systeéxlls gl'téanSée&ts 1uch ras voltai;e spllies aﬁ Ofn81tafylv?ltfg§ fimpé BTVQ%WIST e}ffgﬁ Y ent s, as
the vol t age™"&¢ PGy a“émﬁ@ﬁa‘éﬁ P eTenENT PR EFTE s Pprofia it PréTs by of a e anount

of capaci t adg@upegegdahgusf drapagiofs Gidtii ofi@ re@hr¢dma anddoipting). OfhenRBMVRAlly SYrSdee M .
transi entss GWend Adwyr RS elec@ifil g&ﬁx\ﬂ&rc@lacltd i ket etk oﬁtaﬁnty QdnSents, e v&kﬁ@ h factor is

t he frequengcyossqtapggegag,gtlcg&eggtan{a,{g(glsbcl rcuits for which decoupl ing is to be
provi ded. Gircui rate e:}flcn l?te«rer f reguenci es, such as sone radi o

whi
&Ie amount 0 dpapacuglc cessary ation owebsty%c&&@é}e%af’ &% ?S?fn sients

circuits and hl%
t han | ow f r &8 é*{ferﬁffacm ?:‘F f"ﬁ*lfi‘ct"é‘s theﬁ'ﬁ‘i“f“l‘"’i’é’?%?"@‘ of Bysfiwitstir ek firwejetie y

circuits mayerpridrdudeiavhivtisrer ot iodher frewantds scisas ©me SiMBdBRADEN-©8¢ combiCh MRy
result im tEgaasiretr@ucahorétifsleyRnibow frécqlfe&ﬂblr@ﬁ@llcﬁts Fupﬁaggrh Skne }flga@rgq%cy\’\’hl ch may

af fect the apDuRY OficG ARG LHANGE: & GOlkLLAH Jhgifmaﬂeiuﬁ&uny&sQ%%@' ing is the
di stance between the circuits and the decoupl 1 hg capacitors ari ous

factors may affect the placenent of _ . ‘ .
Another factor which may affect the amount of capacitance required for effective decoupling is the
distance between the circuits and the decoupling capacitors. Various factors may affect the placement of
25  decoupling capacitors on a printed circuit board (PCB). One such factor is the packaging used for integrated
circuits (IC’s) mounted on the PCB. Some types of packaging, in conjunction with other PCB layout constraints,
may result in decoupling capacitors being placed a significant distance from their associated circuits. As the
distance between the decoupling capacitors and associated circuits increase, inductance from the circuit lines
connecting the capacitors to the packaging (known as Equivalent Series Inductance, or ESL) may become a
30 problem. ESL provides an inductive element to the impedance between a power line and electrical ground, and
may thus reduce the effect of the capacitive impedance. Thus, capacitors of greater value (or a greater number of
capacitors) may be required to overcome the effects of ESL.
The use of ball-grid array (BGA) integrated circuit packages may add further complications to the problem
of providing decoupling capacitance. Figures 1A and 1B illustrate two possible BGA configurations. Each
35  drawing illustrates a view of the BGA from the bottom side (i.e. the side that mounts to the PCB). In Figure 14,
the BGA shown includes a plurality of electrical contacts in 2 “ring” arrangement near the peripheries of the
package. A plurality of electrical contacts is also located in the center of the package, with an open space in
between. Typically, electrical contacts for conveying power in this type of BGA are located on the inner portion of
the ring, with ground contacts located in the center. Figure 1B illustrates a similar BGA arrangement, minus the

40  central group of electrical contacts. In this arrangement, power and ground contacts are typically located on the

1




2004
25 decoupling capacitors on a printed circuit board (PCB). One such Uf]aScEtPor
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Sonme types of packaging, in conjunction with other PCB | ayout constraints,
~may result in decoupling capacitors being placed a significant distance
fromtheir associated circuits. As the distance between the decoupling
cap@ tors and associated circuits increase, inductance fromthe circuit
lin connecting the capacitors to the packagi ng-(known as Equi val ent
Series Inductance, or ESL) nay become a 30 problem ESL provides an
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capacitors on the opposjte side of the PCB, extra soldering operations may
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According to the present invention there is provided a printed circuit board

assembly comprising: a printed circuit board (PCB), wherein said PCB includes a

plurality of contact pads which form a ball grid a&ay (BGA) footprint; and a BGA

package having a plurality. of contacts electrically connected to said plurality of

25 contact pads; characterised by a capacitor package interposed between said PCB and

said BGA package, said capacitor package including a first capacitor and a second

capacitor, wherein the capacitance values of the first capacitor and the second
capacitor differ by a factor of 10. ,

The capacitor package may have physical dimensions which allow a BGA

30 package to be mounted such that there is no physical contact between the capacitor
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cturing operations nmay result in a significant increase in't
2%?95%%#k? finished product, and increase the |ikelihood of defectgy 319¢
during the assenbly process. US-A-5,798,567 discloses a printed CIrCUI?
board assenbly where decoupling capacitors within a BGA footprint are

i nt erposed between a BGA substrate and a printed circuit board. The

capa ors are soldered to contact pads on the underside of 20 the BGA
substrate. According to the present invention there is provided a printed
circuit board assenbly conprising: a printed circuit board (PCB), wherein

sai d PCBln bqq%g it s which forma ball grid arra
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el ectricall @mmdndmwso sai d pI urality of 25 contact pads; characterised

by a capacitor package bnie osed between said PCB and said BGA package,
said capacitor p g j?ﬁﬂaquapémtocapd@ge bas mnidads. SEGMiAls lgéaggtpl tor,

wh inth t dth
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"di mensPons theiREBai$ Wﬁleaﬁakawsnasdgegeeqlﬁvmtrgmtﬁ%%g F_(E‘Ib’ié f;ag%ge is

no physi cal bet ween capacj t or VMb30 AMEN 2004
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capaci tor pepkéifies tSeMRtiaY Bed G%[rm t hi ckness. I n one enbodi nent
the thin capacitor packa%whgs R“T%a q‘@%’n nals | ocated on the

capacitor pac kagBY HElpS pac geajmthahuinpletch Aitb, b&k@ex%%ﬁpﬁé:ﬁfeﬁtsco%@&gﬁgt pads

on 5 the BEH ack adl ess, equivalent series Th ance
(ESL) may be m iy g](ﬁ%géghc}eﬁ gggey edPWE. i zat i on of ESL nmay result

in th) need for TEMErin ¢ARAR teﬁib%dﬁ&n?ifﬁg(ﬁﬂokl@d ﬂ?ém b P%S?‘gp ckage. By

usi ng packaeifsvmth Itlple capaci tors ower s rring
at differi r?g %@ﬁm §°‘Pﬁiypll§becbfbb’emterpeﬁ1gg ﬂnb teap@sitod s'g%%eenl I\

various enipysih BRALS ss_d ecou ng for G?ac ackages may be
acconpl i shed by mt%?%ggli %?%Q%Bg ?‘6? \Eég‘haad the PCB,

some manufacturing operations may be ehmmated which may result in cost
reductions to the finished product. The use of leadless capacitor packages may help
15 minimize ESL ‘and thus allow the use of fewer capacitors to effectively decouple a
BGA. The use of capacitor packages with multiple capacitors may allow the effective -
filtering of transients occurring at different frequencies. The use of open space under

a BGA may allow for more efficient utilization of circuit board area for other
components.
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BGA and a PCB. By interposing capacitor packages between a BGA and 0tlIiEP R3S,
sone manufacturing operations may be elimnated which may result in cost
reductions to the finished product- The use of | eadl ess capacitor packages
may help 15 minimze ESL and thus allow the use of fewer capacitors to

ef fectivel yodpeaypl € a BGA The use of capacitor pagkag&sshth multiple
capacitors may allow the effective filtering of transients occurring at
different frequencies. The usmﬁ)fms@ﬂﬁ@m&pﬁmmr a BGA may allow for
more efficient léthlerolg c%@‘ln’i Qamr%Ls ogtlxerugf&lng‘nwglgggrg %grg?u Qead 8(‘.hPBﬁowm QE&) nents. 2A
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referenceé to thé&igacBdinpanysiamnigy dhawiangsof ipthepribgiinient i gGk @ckke&k (Prior art) is a
vi ew of the underside dﬂ&/lnglmﬁraﬁ@bﬁﬂziomtaceﬂém (ﬁonb&lb&dmgrﬁ bed thlcdp@Yor viB&A) package;
5 Figure 1 &Aggtﬂngr art) is a vi ew of the underside of another enbodi nent
of a BGA packag lustratin vi ew of the

pl acement of ongf erengog"gmr'r’%"tf P mf“ °?ﬁp(g(éB|5%sF?"8fhe W“P%F?f“é“mé@&“f 8%t print;
Figure 3 ist&8°draWrfy of a printed circuit board (PCB) illustrating the
nmount i ngloof capdewtOyasidumre efoncgmbBGEAent df i uBRBin PASIGCHAEHA tjon IFOB krid Gtéah@edd | S a

si de Vi ew Obetwedi @ BeNROE I fon fch @Bmathitar a- t hi n capaci tor nmounted upon a PCB
and inter posed F JS\!ARS%% Ge e e aP CitoT package will ay be Interposed be N ed Fi gure
5Ais a top v ar\llcYQ‘g onepenﬁgﬁl %\@r;llhtn]i L(}?f quT??[r?l %a{(gac?cthcr)nrybpéi ;ngg WA ch may be
i nt er posed be 'a PCB and a BGA, Figure 5B is a bottomview of the thin
capaci t or packaﬁ‘é““‘os?‘SFP‘&EW‘@FWBWeﬂHTfEPaCl‘SPﬁaqafFég“%@;imé a side view of a

capaci t 0¥ such &sudidsedeconifarapeeich shah astihe co@ipa @itk Ofacipgedkagitustaled st r at ed i n
Fi gures 5A BaddsHBBaashil e the invention is suscepti ble to vari ous
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shown by way I r’g) ? L Wgs an escribed in
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MODE(S) FOR CARRYING OUT THE INVENTION

Turning now to Figure 2, a drawing illustrating a view of the placement of one embodiment of a thin

25  capacitor within a BGA footprint is shown. Printed circuit assembly (PCA) 100 includes printed circuit board
(PCB) 101. PCB 101 includes two BGA footprints 102, each of which is formed by a plurality of contact pads 105.
A plurality of chips 107 is mounted upon PCB 101. Mounted within the periphery of each BGA footprint are
capacitors 103. Each capacitor 103 is a thin capacitor that may be interposed between a BGA and PCB 101.
Capacitors 103 may be physically and electrically connected to PCB 101 by soldering them to additional contact
30 pads 104, which are located within the periphery of the BGA footprint formed by contact pads 105. Capacitors 103
may be electrically coupled to a power distribution line at one terminal and a ground at the other terminal. In the
embodiment shown, capacitors 103 do not have leads, and thus are soldered to contact pads 104 via terminals
located on the body of the capacitor packaging. Capacitors 103 provide decoupling for BGA packages that may be
mounted to contact pads 105 of BGA footprints 102, and may be effective in filtering out power system transients.
35  Various alternate embodiments may use more than two capacitors per BGA (as shown in the drawing), while others
may use only one.
Moving now to Figure 3, a drawing of a printed circuit board (PCB) illustrating the mounting of capacitors
under a BGA in one embodiment is shown. During assembly operations, capacitors 103 may be mounted to PCB

101. Terminals on capacitors 103 may be soldered to contact pads 104, which are located within the periphery of
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illustrating a view of the placenent of one enbodi nent of a thin El>
capacitor within a BGA footprint is shown. Printed circuit assenbly (PCA)
100 includes printed circuit board (PCB) 101. PCB 101 includes two BGA
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Fol | owi ng t K& Pl acement ™ 6f 8P %?c‘:’mf ST 1S TSR 1P PSR TR Y HER8Y on PCB
101, al i%n. ﬁ@“?dt"“’whf‘?fs EBHEEERS lpsa’aesfmmsmﬁfwhgmy fllovforsmiot peciggider Bunspfpan BGA 110
has been pr bpesmlty capdeigrradace ad 8Obkes if g PBp B tha trib@iinefTBywiheFigus 4 mboof cpphysi cal | y
and el ectri &ﬁﬂxdalyw@lﬂﬁﬂeﬁlt'ally (B%tea-tlgcaiaatop p@B101%con&uaor§l©ffeCcﬁm€}di0mgtl§1 a si ngl e

sol dering og,%re@;cm@oqnememn }L%&%&{anaﬁﬁh% apmwatﬁ% %rg e 204 lmenﬁ%g' tors 103

to their respecti tact p whi epar at e ring operations may
be used in GfHEF™ r’r‘ﬁ%ge °°ns"“ i dsucIE:ﬂ“t“a”éc“ﬂr Pg ﬁesg’fe&fé"“@‘i‘ Bk QI‘“a‘ci)’f"fgi‘m%’r‘fﬁsod| nent ~ of
athin c’zipaéi"‘t“a}“gtPFd‘EFﬁ?@d”’d‘tﬁBﬁ“éasFﬂEBh%ﬁ‘H’el nt er posed 10 between a BGA and the
PCB upon whi ch iCepadits plas 193¢ @dl 103 Capass ih Bgure 5B Jhithays biem nownthaghadi@ pde8 101 as
descri bed vdsd. ach &k QRGE: Hals 1FJIe@H&1@ cameaiids aEJnQMf}@?,l%yacgﬁQtorlﬂ)g $iRe @SSO NMOUNt ed

to PCB 101. arEtLv@sQ{;axraJe &@tho&@igzpﬁegeglt%n tqle']'bjtlmome Qﬁcnorlé%@age lF)ﬁ es?egtgw mclu@%@ 110 to PCB

101. In the trical contact I ncl udes a

pre- f or med caBamfo déage agacitor m%xs f’ﬁb()? ent isa t\bo en ate gagaanot thhéb(s Faaagfor ;tlﬁ;féshgga th16€ cont act
pads sucl a2t FHhEeEres FreARET ‘Y‘ﬁ °3P4°’§’UR‘*’§ 1683 shpyencinfiigare S4p fThetopesitor glfie by bt fyieekhess of
capaci t or 193 dinteryic heeridpuril @dxrbined infieths gpitbepwr f ace as BGA. 110, and thus

i nter pos ed bet WB&R embodiments of capacitor package may include only a single capacitor, while others may include

more than two capacitors. Furthermore, capacitor packages may include a network of several capacitors of equal
capacitance, or multiple capacitors with different values of capacitance. Since the area of capacitor plate 1034 is
35  greater than that of capacitor plate 1035, its capacitance value will also be greater as well. In one embodiment, the
capacitance values of two capacitors in a package may differ by a factor of 10. By decoupling in a “decade”
. fashion such as this, different frequencies may be filtered out when power system transients occur. The capacitors
shown in this embodiment have a tolerance value of + 20%, although greater or lesser tolerance values may be

present in other embodiments.



15 BGA 110 and PCB 101. Typically, the thickness of the type of cagaq:lptgg%[’s
used in the enbodi nent shown are no nore than 0.5 mllineters, and
significantly less. Figures 5A and 5B illustrate a top view and a bottom
view, respectively, of one enbodiment of a capacitor package 1030 that may
be used in,yariQus enbodi ments. Capacitor package 1 shdigdepides a plurality
of contact term nals 1031, which may include exposed netal suitable for
sol dering to a uenl a6t RatsMIidavidRGCR caphlpdr aukh FBYe BiRindlh WXpRERcha@d bot h si des
of the ter mlugcéJetﬁnh&Ie%m 56@@9&“ H%\Ild%’e no\(m{hzgtﬂe sxo@sla! ch)(Vn fn%s dQWHHEQIree secure

E)CC)le e:’ n c ,([) E neea%%%tetgor cgr%/ V\gﬁe not mtﬁndeg' t?'_.l%ai'%len tl?eg '&P %fmensgns f)f%w varl%utl een%bg O rt]nté s? (ri]t I'S]a;)fs agg 1

are el ect ri‘CEfPY O UtTHett 84 S‘T“E‘j’rdéw°(‘,p&ﬁé‘t‘?fgf“6‘i°n pludipeserg Blasy O AN cESr s 1032.
Conduct of s <#33% rigr way bfemeddpm @lclegicdlly @ehciconrreic Ciraitr hies Véknd 1834eont act
term nal - 103dra@inga Sa@@ 0y d 0B6. DierdnR 1aw&&maﬂe&@ﬁene&ﬁnﬁmmmemmeraf t he

capaci tor package rrwﬂefa,epregglm,rn%ql&%gn gegesa}ad Mﬂ@ﬁxe@e tg RAG &r@gdmmt@tv@u makes

SIO;SEE: t gro n tsbg'g tders\t/c\)nocl: L{lht% emboﬁuneaﬁg grh&hg{-ame % thgt éhf ventxon srogi is not s%(g ﬁdt ltitﬁ%S n gsg fS ﬁ{)\/\ﬁa{

in Figure 5'103*“3%&: EfiiopsancimByERep P U5 fé’wdﬁ‘fmtdﬁ@bfeawamf o?lesb‘a‘aak(a@e 1030. Each
of t heseao capdifiatogy adfitjonst sempreyengshtergay fall wighn khy scpoeireDtemidns bs@etaledvéintenal 1031 by a
conduct or 1QBn cBimliCe there are two separate capacitor plates present on
the bottom side, capacitor package 1030 essentially i ncl udes two
capacitors. Each capacitor in tquu HBQQ& Sy @ two- pl ate capacitor,

with the capacitor plates shown ach form ng a capacitor
with capacitor PPAtE°1DIBRKEWR T ACRgfrErEis sffee Rapyatt PO &fes may be
separ at éd  dergurting chipxitop dntconjugctioyariterell-gid arap@Giinickagdse expl ai ned in further detail
bel ow. Sone enbodi nents of capacitor package may include only a single
capacitor, while others may include nore than two capacitors. Furthernore,
capaci tor packages may include a network of several capacitors of equa
capacitance, or nultiple capacitors with different val ues of capacitance.
Since the area of capacitor plate 1034 is 35 greater than that of capacitor
pl ate 1035, its capacitance value will also be greater as well. In one
enbodi ment, the capacitance values of two capacitors in a package nay
differ by a factor of 10. By decoupling in a "decade" fashion such as
this, different frequencies may be filtered out when power system
transients occur. The capacitors shown in this enbodi nent have a tol erance
val ue of 20% although greater or lesser tolerance values my be present
in other enbodinments. 4 P 1 SEP 2004 WD 01/67833 PCT/ US00/ 31960 Mbvi ng now
to Figure 5C, a side view of a capacitor such as those contained in the
capacitor package illustrated in Figures 5A and 5B is shown. It should be
noted that the dinmensions as shown in this drawing are exaggerated for
clarity, and are not intended to represent the actual dinmensions of the
various enbodi ments. Capacitor 103 is a capacitor in a standard two-plate
configuration including capacitor plates 1033 and 1034. Each 5 capacitor
plate may be forned froman electrically conductive material. Capacitor

pl ates 1033 and 1034 are separated by a dielectric layer 1036. Dielectric
| ayer 1036 nmay be fornmed fromany suitable dielectric material.
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%—%Oé@e present invention has been described with refldr56pdalit o particul ar
enpodi nents, it will be understood that the enbodinents are ill ustratB0e319¢
and that the invention scope is not so limted. Any variations,

“nodi fications, additions, and inprovenents to the enbodi nents described are

possibl e. These variations, 10 nodifications, additions, and inprovenents
my €l within the scope of the inventions as detailed within the

follow ng clains. | NDUSTRI AL APPLI CABI LI TY This invention is applicable to
printed circuit board assenblies, and nore particularly, to the use of thin
15 decoupl i ggAq8acitors in conjunction with ball-grid array (BGA)

packages. 5 22-05-2002 01 SEP 2004 US00319( CLAIMS: 1. A printed circuit
board assenbly (100) conprising: a printed circuit board (PCB) (101),
wherein said PCB, (101) includes a lurality of contact pads (105) which
forma bal Iﬂgri dAgf‘Ptﬁ CHEER ‘frad"Fiﬁni‘SN?(’tbPSQ‘)@Pﬂ% a BGA package (110)

rurars by of cont Ber pade 10 GUBEURAN bifels) OB T ‘Bubise

" (1030) i nt Pwakiypfirentact padsa(195Pemi¢ Gin aball padchrBGABGA) n%ﬂgggqm 10),

said capaciahgr package (1030) including a first capacitor ( ) and a
second capaclitor (1035), wherein the capacitance values of the first

it d theB hit i f f . 2. A i nt ed
et “hoard ascouer b iReREr0) Savite 3 Hudf® of Mhfles? (1 altipicaly | ™ ©
Fll(l;rl?l i tydﬁﬁ%Wéé‘éW%H@@l{tI@WmdDaﬁséh%}ifgagg?eﬁéddsliy surIaget of Zgl '([j PCBI
. an ereip s citar, packa is_connected to additiona
contact pads ( 1§f?p a%i%fcj%a%gg&ohf@g? 8'%?1?’?%3 bé’f}’f’?e&@éldo?cgdilﬁlm seioBGA 3. A
prind@d ci padkage (d8), daidscapatiter patRide 830) iﬁé}ﬁ&g%iar}hgg @ﬂp%i?or 4{)% aEai d
area de y a

20 additional contact (104) are located wiThin an Ine
peri meter OF°8 F@w&&?s piersin thepeapacitancervadnésnafttie dirstaapacitop andithassenbl y

(100) as cée@bﬁ@@pgat&mép@.a%%zq&sai d capacitor package (1030) is a

| eadl ess capacitor package.” 2 printed circuit board assenbly (100) as
claimed in claim4, wherein said capacitor package (1030) is no nore than
ckn

0.5 milimptersyl ﬂ}inﬁeoi' GrHFt Board assembly (100) as claimed in claim 1, wherein said
15 plurality of contact pads (105) are located on a first surface of said PCB (101), and

wherein said capacitor package (1030) is connected to additional contact pads (104)
located on said first surface of said PCB (101).

3. A printed circuit board assembly (100) as claimed in claim 2, wherein said
20 additional contact pads (104) are located within an area defined by a perimeter of said
BGA footprint (102).

4, A printed circuit board assembly (100) as claimed in claim 3, wherein said
capacitor package (1030) is a leadless capacitor package.
25

5. A printed circuit board assembly (100) as claimed in claim 4, wherein said

capacitor package (1030) is no more than 0.5 millimeters in thickness.

6. A method for providing decoupling capacitance for a ball-grid array (BGA)

30 package (110) including a plurality of electrical contacts (111), the method
comprising:

TT3530
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| %ﬁé@od for providing decoupling capacitance for a bal Fgre—arIdySEP 2004
: ) package (110) including a plurality of electrical contact sds’lol%a), v
the nethod conprising: 6 " TT3530 AMENDED SHEET nounting a capacitor 0319
- package (1030) on a printed circuit board (PCB) (101), wherein said PCB
(101) includes a plurality of contact pads (105) which forns a ball grid
arr BGA) footprint (102), and wherein said capacitor package (1030)
includes a first capacitor (1034) and a second capacitor (1035), wherein
the capacitance values 5 of the first capacitor and the second capacitor

differ by a fact ; tin id BOA package (110) to said PCB
( I101) : \M%er ]?Vignq ‘sgi{:g;ﬁ%uégéggf P%%owgg?#gﬁg%@b PBIa)Pf&?Q@d Qirgdt l(JbardI)(PQB):gm):]y’ct ed
to said pl ubaf S at) irehwds. : er.el i d .capacitor
package Fl%@%:zy h%téﬁ ose{"jmget ngr@gg?t%%ggxn%%c‘%‘gﬁgl? 1‘6‘}1°h§‘?¥ﬂl3§ahaﬂ PCB
(111). 10 7 i LE"%P%%@QZ), rand diereirbsaid i eit @@k&ﬂ%@% o9
contact padsfifsi 04pacitéi @ 03 9L Al Q0 g firstcéurface of sai (di ‘}B and
wher eii1 sai (} capaci t or package: “{18%§9packorddA3De whareinthecdpaditana vahegt act
0

* pads (104) 9 CQPﬂCitm'iaxidftl_léﬁcoﬁ&lhéﬁeﬁoﬂ{iﬂ-er%@ia%a&%?{.i}g(li%a(184?. A net hod
ar e

as claimed in clalm.7 in said additional~con

| ocated within gﬁéugfpgg S\é@%ﬁéomwagp (d0) tesaid POB Q@13 Ykeih QdRidcitcaf 102) -

9. A net hodomacts|(ai [ s i ei n, sai d capacitor package (1030)

isa 20| gvgg | ess( _ c’a’g‘g‘éje{‘%?‘*%%‘ fgé%e?‘“%ﬁ 0 %&‘4@%%&’ ob centastads i(10%) @idn 7,
T eapaciporcieksend (1030) isiifterdBsed BebGed B BGA Pickage (1g) S ' "

wher ei n sal
t hi ckness. a4 sa}&Tﬁénglﬁ!\/ENDED SHEET
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7. A method as claimed in claim 6, wherein said plurality of contact pads (105)

are located on a first surface of said PCB (101),
(1030) is connected to additional contact pads (1
said PCB (101).

and wherein said capacitor package
04) located on said first surface of

15

8. A method as claimed in claim 7, wherein said additional contact pads (104)

are located within an area defined by a perimeter of said BGA. footprint (102).

9. » - . . - -
A method as claimed in claim 8, wherein said capacitor package (1030) is a

20 leadless capacitor package.

10. A method as claimed in claim 7, wherein said capacitor package (1030) is no

more than 0.5 millimeters in thickness.

TT3530
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