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€ amount Of capacitance necessary for effective elimination of power system transients can vary based

on several different factors. One such factor is the frequency of operation of the circuits for which decoupling is to
be provided. Circuits which operate at higher frequencies, such as some radio circuits and high-speed computer

20  systems, may produce more transients than low frequency or DC circuits. Furthermore, some high frequency
circuits may produce a number of harmonics or sub-harmonics, which may result in transients at different
frequencies. '

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
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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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understood, however, that the drawings and description thereto are not intended to limit the invention to the

20 particular form disclosed, but, on the contrary, the invention is to cover all modifications, equivalents, and

alternatives falling with the spirit and scope of the present invention as defined be the appended claims.

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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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.
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been properly phiaegsb oFigaOIialt B oDRehRr budihs BBYcotdBediSBbaphcor P& Ccal | 'y and

el ectrical | Mustﬁ@ﬂpﬂéﬁes SAB%B ;L;ther Q shglme 1'0Qea'that lhaim%gs{gﬁs agsmgqlm‘le%’are a si ngl €
sol dering oper at er both BGA 110 capacitors 103

to their r es %era&etl for clarg;'a;{lg ot mten%d to re&ﬁen eeacstuea%hmensions% vaalous em odune er ati ons may
be used i n Gfigylo ‘%’l‘ff?&d?rﬁéﬁ?’%“d Oy G Fafigratog mcpdiag °éPé°“?fP‘é‘W199f 3“6}? -Bffbodi ment ~ of
a t hin capeaerdgplempy b fededdpon decrROBogingveimatal fosedridd I Beniwe#arca BGA and t he
PCB upon- Whikparktedibf: a dieGectEDad 8@ Dieleidd &igek 1088 majl & Jorii8 Forl26y st HeRicknaerl?CB 101 as
described wth ref %xﬁrhg ﬁ’esznpinvle:xlngllﬂgs%eegdeg:ﬂgd »!/: ith gh!xrex%e tg’pamﬁl%rrgm;ld&eﬂtsslt vﬂ-ll so mount ed

58 1 PCIBn 1??1' El ?s(t:otéﬁrtfxat tfxa mbo%ments are ﬁustrahve qgr%t tthlc; 1In\(’§,ré scoBe Ii not S l).rx_uLthl gily Haanméfég ;O PCB

pre-forned m°5‘3‘13‘l‘°moaf*d“§ﬂfl SFEPPTEVREEE tris eobRdimees degeriped a’%‘tj‘fsﬁ‘ér“fsh‘@mm to contact
pads sudh amdifili@seddtrgyend inproviiegtmag faPvithBee geps & thoihvettire as dgpited Withit th ckness of
capaci t or lQ@3wirmyimbe nmounted on the sanme surface as BGA. 110, and thus

i nt erposed between 15 BGA 110 and PCB 101. Typically, the thickness of the
type of capacitors used in the o4l re no nore than 0.5
mllimeters, and may be S|%n|f|§§ Rﬂﬁgégﬁgd?{ﬂ?es.SA and 5B illustrate a
top view and a DUt e let‘°é‘§’beé€:‘t°‘1“RPE“Fd;?sse“Blf“ BoreeHithe At wof "8 capacit or
package 1310 3erotrlira tapaviwys infyenjugrg@chith mll-grig priap@sA)enredi nent s. Capaci t or package
1030 includes a plurality of contact termnals 1031, which may include
exposed netal suitable for soldering to a contact pad on a PCB. Metal may
be 20 exposed on both sides of the terminals in sonme enbodi nents, which may
allow for a nore secure sol der connection between the capacitor package
and the contacts of the PCB. In the enbodi mrent shown in Figure 5A, two of
contact termnals 1031 are electrically connected to a capacitor plate
1033 by conductors 1032. Conductors 1032 provide an electrical connection
bet ween a contact term nal 1031 and capacitor plate 1033. Alternate

enbodi mrents of the capacitor package may be constructed such that a
capacitor plate nakes direct contact with a contact termnal, thus 25
elimnating the need for a conductor such as that shown here. Capacitor

pl ates 1034 and 1035 are shown in Figure 513, which is a bottomview of the
capaci tor package 1030. Each of these capacitor plates is electrically
connected to a termnal 1031 by a conductor 1032. Since there are two
separate capacitor plates present on the bottom side, capacitor package
1030 essentially includes two capacitors. Each capacitor in this _
enbodi ment is a two-plate capacitor, with the capacitor plates shown in
Figure 30 5B each formng a capacitor with capacitor plate 1033 shown in
Figure 5A. The capacitor plates may be separated by a dielectric material,
as will be explained in further detail bel ow Sone enbodi ments of capacitor
package may include only a single capacitor, while others may include nore
than two capacitors. Furthernore, capacitor packages may include a network
of several capacitors of equal capacitance, or nmultiple capacitors with

di fferent val ues of capacitance. Since the area of capacitor plate 1034 is
35 greater than that of capacitor plate 1035, its capacitance value wl|

al so be greater as well. In one enbodi nent, 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 nmay be filtered out
when power systemtransients occur. The capacitors shown in this

enbodi nent have a tol erance value of 20% although greater or |esser

t ol erance val ues nay be 3




oPIfE8HHoI N Ot her enbodi ments. 4 P | SEP 2004 WO 01/ 67883 SEPQINUSO0/ 31960
“MoVIng now to Figure 5C, a side view of a capacitor such as those codBS8apBede
in the capacitor package illustrated in Figures 5A and 5B is shown. It

- shoul d be noted that the dinensions as shown in this drawing are
exaqggerated for clarity, and are not intended to represent the actual
dinagbions of the various enbodi nents. 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
materi al . GCapagM®r plates 1033 and 1034 are separated by a dielectric

| ayer 1036.  Dielectric layer 1036 may be fornmed from any suitable
dielectric material. Wile the present invention has been described with

reference tp parficul ar. enbodi ments, it wll be understood that the

embodi nent sp'are ‘%PW%&F&?‘?[}SEO%(HE@W%WU@@)P‘PWE‘Fﬁmgin scope is not so

limted. Any vard ptihted of hrhicaia dditions,. I pprLove ts to the

enmbodi jrent s descr?bed ar“é’“ggggﬁt% gfc%glsoelivg’lrlléﬂgﬁ gﬁgaﬁ% ﬁ@&?ﬂ?‘g‘g‘?soﬁs,

" addi t ins, Phwalityrfreontsstepads (i) fwetich fortrha ball eid A} hﬂ,,érrmqngons as
Y Thi's’

detailed whin the follow ng clainms. |NDUSTRIAL APPLI CABI LI
invention is applicable to printed circuit board assenblies, and nore

Wih bal boglid ar ???,gé% © 1), hEing o8 BgaitG o6 BHblcke ShisoRRRbeBTo "

CLAI NB: 1. “onnsetediesni¢ plugality of contdctamde (05, chadeiprissatpr i Si ng: a pri nt ed

circuit board ( i0.said P 101).jncludes a 5 plurality
of cggt act padsg%%)a‘;@&&ov#uﬁlC gﬁ& g@"i“@%ﬂ?f’se&ﬁgﬁe&ﬂﬁa@ ](@EA}()&%@MC‘E\)BG(MOZ);
and 40BGA packheg€l 100 56l dapuéing packids @030)Yindthdme Rt 11) rnical ly
connected to said Jurgbéé)y f pglont ac(;i p_ogds (T%gﬂa;ﬁ%ﬁgaP%%‘Fé'rﬁlgéeﬁ%t%‘?aa :
capaci tor PHE 6@6%1‘54 nf’%ﬁﬁ%é‘lﬁ%@%@@xﬂh@ﬁﬁﬁeﬁtﬁkﬁp&iﬂrsﬂdﬂaﬁm 10
package ( 1e@dnd &pasitor ARRG (1030) including a first capacitor
(1034) and a ms%nﬁcapa%ﬁ%&@??ﬁ wherein the capacitance val ues of
the first capacitor and the second capacitor differ by a factor of 10. 2.

15 bl ur ol i1y of SR S BRC R sperail (Mpcasceinimmedeinr clrin 1o wWheerdm sel sa
PCB 15.01) ,plamiitynbfdoniaot padsi(108pafd IRhted IRKATRL Q‘#&&@)Ofi Séucf g@ge@b?)g t g
i ap

~addi tional_.contact, pads (104 | ocat ed on said rst sur

(101). 3. “FASTPTRIdFapRciton ipackags: @ 03@)sisebhyectetio)additionhhbomactipads 4y

wherein s%&w%mg{%#gggi g%ia(i’tCﬂ)f’l%ﬁ).( 104) are located within an ar ea

defined by a perineter

PCB
2

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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%gn%,éj@ﬁ%ori nt (102). 4. A printed circuit board assenbly (166)—as—eildiSEBd00:
o I 3, wherein said capacitor package (1030) is a | eadl ess capgfécqto%\r19

package. 25 5. A printed circuit board assenbly (100) as clainmed in

-4, wherein said capacitor package (1030) is no nore than 0.5 mllinmeters
in thickness. 6. A nethod for providing decoupling capacitance for a
bal | idarray (BGA) 30 package (110) including a plurality of electrical
contacts (111), the method conprising: 6 TT3530 AMENDED SHEET nounting a
capaci tor package (1030) on a printed circuit board (PCB) (101), wherein
said PCB (101) i | of tact pads (105) which fornms a
ball grid %,5} ray (%G%%ii ?(gzg?épérilél’oglp a%%@?)(,l&g’gd’nmﬁﬁCkaﬁdbmﬂ@CB))?m ckage
(1030) i ncl Haesm g1 t (10dpahides a Seco apacj tor (1035),
wher ei n thg%lf(f&?%% }e val yes, 5 of the fo?gg?ﬁ%ta‘%g&??%ﬁ ‘gﬁaﬁf‘?@smnd
capaci t or er iﬁ@ﬁ foatprintf102)) -and mhereinsaid c@a&&jxclbﬁ%eqqé}f@q&ﬁdl 10) to
sai d PCB (@ﬂx)stc?&@i’t&iﬂwéjg,‘figectri cal .contacts (111) are el éctrically
connected to said pluralty o EEPd Eppasitor(103 D5 whereinithewapaciancesaiyds

" capaci? or. phdhefiwst ¢apedr and thelieebnd SAfAcIRGIIEER %afa&gp%j@ac age (110) and

said PCB (111). . A d as claimed in ctaim P8fn said
plurality of cor#%“%é@geéégwa"kégﬂa(llﬁbmmidBﬁIBa(Ibi}),sﬁ,hé%fsgﬁed&{ﬁc%iii d PCB
(101), and ceinactei(nl Hadrd '%q:ro Iaaﬁeség(éoa?&i s ‘connected tO

addi ti onal g’ig%%ﬁpads‘ (18;1(; _ ocgﬁ%% 0 uralify of somtaetcpade (1089l PCB
(101). 15 ¥ eapagisorcparkagl( 1080)is & ' LA ,addi ti onal

contact paggj &;&4@3 | ocat ed gNI t hlprﬁ J?péﬁeg\géa&gﬁnn%g?%&%pﬁ?&gﬁfg%@r of
said BGA footprin (@B@) 9. Anethod as clained in claim 8, wherein said

capadPtor package (1030) is a 20 |eadl ess capacitor package. 10. A nethod
as clainmed,in claim7, wherein said capacitor package (1030) is no nore

than 0.5 1] n«éfg? 0¢ s claimad i slain 6, wheRisaid MahARP of bt Lot 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.
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