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2 Téchnical Field 3 This application | s a conti nuat I on-in-part of copending
U.S. Patent Application, 4 Serial No. mwﬂ iled April 6) 1999, which
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09/ 056, 436 filed April 7) 1998. This appl tco@éikon al so cI ainms the 6 benefit
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Pr ovi \s{i onal Appl [ catlon 8 11@’”451 f“ﬂ:ed May 28, 1999, U. S

Provi §! onal Application No. 60/ lfi%_téw%d 9 June 15, 1999) U. S

Provi Si onal Appllcatlon No. 60171 d August 3, 1999, U. S. 10
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| ar er el ectroni c syste Backgi round of the | nvent
g 10  Provisional Ap?)/llcatlon No 60/165 35 filed November 12, 19@) ?.ES. Provisional

11  Application No. 60/180,101 filed February 3, 2000, and U.S. Provisional Application No.
12 60/185,320 filed February 28, 2000.

13 The invention includes the use of energy conditioning assemblies, pathway
14 intersections and layered architectures such as those described and claimed in
15 commonly owned U.S. Patent No. 5,909,350, U.S. Patent No. 6,018,448, and currently
16 pending U.S. Patent Application, Serial No. 09/008,769, all incorporated herein by
17 reference. A series of preferred embodiments are directed to energy conditioning that
18  occurs when unenergized elements are combined and electrified to act as part of a
19 circuit that provides conditioned energy to an integrated circuit or any other active
20 energy loads within electronic equipment or systems. The present invention also
21 provides electrical interference suppression and/or shielding for improved performance

22 of active electronic components located within larger electronic systems.

23 Backaround of the Invention
24 The majority of electronic equipment produced presently, and in particular

25 computers, communication systems, military surveillance equipment, stereo and home
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24 The majority of electronic equi pmrent produced presently, and in .
particul ar 25 conputers) conmmunication systens, mlitary surveillance
equi prent, stcedoms7sand home N110~1~11 . -t WO 00/ 65740 PCPOUSMANMS1I 409 1
entertai nment equi prent, tel evisions agd ot her appliances include

m ni aturi zed 2 conmponents to perform new high speed functions and
electrlcal terc nnect i ons ich 3 ac in the materials from which
they areS '%’Fer} heqYPmERt %Tei'}?'%seav g‘ﬁr g@?@%ﬁeﬁbﬁngﬁ‘% E'f'}'%&}" ctrical
ener gy created eIetrorra netic i erfereneor v tran .ents
occurl%l n{romoe‘i"ggf mn Igugh %‘??‘Q{%dﬂ”ﬁﬁé‘ cﬁlﬁc%”cég'ﬁeé dﬂ’l‘l"&be or
destroy such mcro eI ectro onents or contacts thereb render| ng the
el ect Ponidccardiguiopihermaterig e %‘Fl‘(‘l ich A0y AER;adenef f"e’ﬁg"‘a'\n'él ¢ &2iVeNand/ or
repl acenent at great cost. 8 Based upon the foregoing there was found a
need fo GP%PHB‘eéP ﬁﬂ!ﬁ‘)t¢|e$tﬂPﬁ!@FB’@V@{F#Q&PE@‘PF@W%%%W?“%%WP{%99( ure
whi ch attenuates el ectromagnetic em ssions resulting 10 from di fferenti al
and cdmVYRNESHE AGHAEG @n ﬁ? estricallingst hYeltagedransiants car seygrely damaga er 11
lines, pairs of lines and nultiple twisted pairs. Such nulti-functioning

el ect fonidestryy shpoperelectanic eamepanehfseastcoptactsohaiehy yensianea the electragicent No.
5,909, 350 (application 13 Serial No. 08/841,940), continuation-in-part

appl i dat iegHipSisnt iabpetstivel a0 osUINEw, exignsive. repain andror replecementat glest gasl.
(continuation-in-part application Serial No. 091056,379)) all 15

i ncor Bor aBasednepan theblpregdieg dhere wassfounid| & nekd talpso\dde @f evlifonetiosingt r oni ¢
conponents acconplish their respective 17 tasks, usage of such conponents
has b&en eldctrbnie dofponent amlnﬁetnurefwhi@a&tnmgatesid@trpnﬁgeet'msennimremltinmc h
conponents required continues to increase as applications, such as 19 data
busedd cdnom differentaigaraixcorhmonduiids cutrends flowiegrwittine elegfromie gpircuitsd singlgponent s
20 grows, so does the physical size of multi-conponent packages. Second, by
t hei nlnatines drst dfelindseatd aniltiple awistec mairsr eSech ecllfi-furatienide | dlecttonic
structures which do not handle 22 physical stress well. During the

manuflact compofierdd eretthe silgeqtrod deratmeniy ownet &f.S oPatst MNee &8091,3501 (applicatise s
associ ated with handling and sol dering can damage the 24 conponents. 25

Anot har GesaliNg 8184 11810 Gohfirvuatieh-#1- gt shliehtioet Sarial Noctorps 289, andd).8hat it
WD 00/ 65740
14 Patent No. 6,018,448 (continuation-in-part application Serial No. 09/056,379), all
15 incorporated herein by reference.
16 While the above referenced electronic components accomplish their respective
17 tasks, usage of such components has been limited for a number of reasons. First, the
18 number of such components required continues to increase as applications, such as
19 data buses, continue to grow. In addition, as the number of required components
20 grows, so does the physical size of multi-component packages. Second, by their nature
21 the electronic components referred to are delicate structures which do not handle
22 physical stress well. During the manufacture of electronic products a number of
23 mechanical stresses associated with handling and soldering can damage the

24 components.

25 Another drawback to using the referenced electronic components is that it



3 PCTNS00/ 11409 1 becomes very tedious to manual ly handl e and nount the
conponent’'s on electronic 2 products being assenbled. This often tine

transl at es {g@o@m&,wver product yields and 3 added expense @ggnisoofas@ken or
m sconnect ed conponents. A further disadvantage 4 to sone of the conponents
is that they include |eads for thru-hole insertion. Physical 5 stressing,
bendi ng or applying torque to the | eads can cause a failure in the final 6
product, either imediately or later thereby affecting the products overall
reliability. 7 Another source of elegtrical noise found in prior art
differential node filters, 8 common node filters and capacitor decouplers

i S causebetymespenyftedibus s mamuaihehfndia@adimaourd thé abmpahents pnt déiectfanid er s and
decoupl ers. The effects of these inperfections 10 are commonly refer-ed to
as pagasptaductf being asseérabied) tThis ofterntmei tekmalatesaiptec iower peadhuay iyieddsldnd

mani fests itself in the formof resistive and inductive el enents,

nonl i peaatded axsenkd dilectb ®ediencoriBiBBdnhectBlcconfponentsstA fustnepdisalivatage ar e
| eakage or parallel resistance) 13 equival ent series resistance (ESR))

equi val epd sGrfé oethel dompson@ness (HebkheyaRelude Rlage tfor thruldole e idin. (Physitap
equi val ent series resistance (ESR) of a capacitor is the resistance of 15

the cspagiréﬁind,q%i@idgloﬁapﬁ@iﬁg% et Aeth8 AR LS cal s aSamurecinthe i@l
capacitor plates. ESR 16 causes the capacitor to dissipate power during

hi gh §| oprqiicReither inPRddiatell lﬁ@ﬁfh\é?é flebfing el (R8s BeéRNGAIbEL) of a

capacitor 1s the 1nductance of the capacitor leads in series 18 wth the

equi val ent | ”ﬂﬁ&théPQSurB% &f'b?e&?tﬁﬁ%?s‘éffoBhé‘Eiﬁi:rioAErtacﬁﬁérEhfPél%oé&"ﬂﬁ‘ér@f

parasitic 19 that goes beyond e conmponent itself 1s stray capacltance

VT Chg S (B PMoRd fird BRg WpBbiA B e sl BRUsBRACIrh @HERPY ud thi n an

electrical circurt. Stray capacitors are forrreg when two conductors are

Loy cedoq CRBACHOME it Bk & A6 et Rl dodlibiato! TROBEAE!ofthebO HbdI-clNs

araday s ray capacitance usua occurs between 23

par ahge' gw Eifinafty réfefrén '&PQ{ ga.asmps&a@gnpafa@fﬁe%f ROARMREI paRRIthbGios! des of
a PC 24 Dboard. ay capacltance can cause problens such as 1 ncreased noise
and qecr gasadas 1RO/ t%§7fé9m4 flrésfﬁ%%'eé?\%y an{dggﬁw&gg@mégg/ @ﬁjﬁ@égﬁ Ohd?

Several other Sources of €lecirical nolse ground
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abovar oPBEHOBIEAEGH §f SHREH) e R AR ARPBHY B0 PaESS mpr oved
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capacitor parasitics, 1 S stray capacitance, nutual [nductive coupling
bet wd@n thil 998pHeYoNd theRamAanER! itsplfyis stray FaPacianee WP'CBr'Bé‘g”P'étPa t%ﬁ!f‘ gr ound
bounce. 17 Therefaore, in |ight of the foregoing defjiciencies in the prior
art, 20he afiggiment o the gapacioealement WEhinarelRCHFALIRYE Stray CapAMIS 6% ¢ he

i nvention
21 formed when two conductors are in close proximity to each other and are not shorted

-

22 together or screened by a Faraday shield. Stray capacitance usually occurs between
23  parallel traces on a PC board or between traces/planes on opposite sides of a PC

24 board. Stray capacitance can cause problems such as increased noise and decreased



20 Based upon the foregoing, there has been found a need to provide a i
conponent 21 carrier which is | ess susceptible to nechanical stresses and
shock, nor ewdadisrvo 22 assenbl ed, surface nountabl e and capebiusooaidobei ng
used in automated assenbly. 23 It is therefore a main object of the present
invention to provide a conponent 24 carrier for maintaining one or nore
surface nount conponents. WO 00l 65?40 PCT/ US00/ 11409 5 1 It is another

obj ect of the present invention to provide a conponent carrier which 2 is

| ess susceptible to nechanical stresées inparted upon conponents during
various 3 manufacturing processes. 4 It is also an object of the present

i nvent i offequensy oesp®Ese. conponent carrier having S an enhanced ground
surface which inproves the functional characteristics of surface 6 nount
conpchent s collecal otherisherces whelacticalowmise isclude cioss talk and graundrboubfect of
the present invention to provide a conponent carrier 8 adapted specifically
to retei Wross thl inemestt ¢axrineatods oooamdiersnisdsuéily ther reauit] ofl uitugh liretuctence

di scl osed in the above referenced, comonly owned pending U.S. patent

appl i£at betaeen Mo ladjacentlirfesrrather tredn feorh paraditicecgpaeiiande amd ecdurowhien provi de
a conponent carrier 11 having an enhanced ground surface which inproves the
f unct3 ongignailvarrestisdslicn thepath oflidastiindudifite| 8speinily aohighfrequenciés, ladnar s and
decoupl ers as disclosed in the above 13 referenced, conmonly owned pendi ng
U S. @at muirnapebisieohsearBy coiducirasiich dedndabiivciradké pobitiopscepaaliel
invention to provide an energy conditioning 15 circuit assenbly that

conmbi neswhh 8P NRHIREHh ¢ied ﬁigﬁél dirreht Radk. fGRURMbbahceis CaassaByshifis mowe filter
and decoupl er as disclosed in the above referenced, conmonly owned 17

pendig HternalRfbERY reldrehts abitagtsdietd B@pabYwiRtHY 8a Sbipbhérite 08Ut t eri ng
of common 18 and differential node interference, suppression of parasitic

or sty ayb&#iRadaudes Rilsel Sgnaik ilogldHBGHS WHRnCo HBVits Buipet ¥Richds\rorAdnacent
conductors and circuit decoupling from20 a single assenbly. 21 It is

anot fer &bie¥slardtherN] HEsHERAoIRY #At R MEB-BRAGNHR dbctidMESimp&ibntd,r cui t 22
construction for a differential and conmon node filter coupled to the power

bus |} negpezicaff ieiffstehtitt anBicBNBERH 08k Fifttistanddechifiefs Belo9éd i thgl) ect's
and advant ages of the present 1nvention are

12 above referenced, commonly owned U.S. patent applications, provide improved

13 performance when coupled or used with an enlarged ground shield that can

14  substantially decrease or reduce and in some cases can eliminate capacitor parasitics,

15  stray capacitance, mutual inductive coupling between two opposing conductors, various

16 forms of cross talk and ground bounce.

17 Therefore, in light of the foregoing deficiencies in the prior art, the applicant's

18 invention is herein presented.

19 Summary of the {nvention
20 Based upon the foregoing, there has been found a need to provide a component

21 carrier which is less susceptible to mechanical stresses and shock, more easily
22 assembled, surface mountable and capable of being used in automated assembly.
23 It is therefore a main object of the present invention to provide a component

24 carrier for maintaining one or more surface mount components.



WO 00/ 65740 6 PCTN500/11409 1 acconplished through the use of various
entodi nents of a conponent carrier which 2 receives either a thru-hole or
surface nmount differential and common node filter and 3 decoupl er as

di scl osed | WO05%4ove ref erenced, commonly owned U.S. patf&i{U0%HE%,
pending U. S. patent applications (hereinafter referred to as "differenti al
and common 5 node filter' or "layered architecture"). 6 One enbodi nent
consists of a plate of insulating naterial, also referred to as a 7 pl anar
insulator, having a plurality of apertures for accepting the |eads of a
thru-hole 8 differential and common fode filter. Another enbodi nent

consi sts of surface nmount. 9 co nent .carrier. conprised of a disk of
Cnsulht i ng it BANGIERQUPHLP! fie PESER MRt ioRaYeg A sbmPoentgRL er Maich
substantjally covered b% %‘rret | | zed qr c&n‘guctive ﬁrou d 11 surface and

i ncl desiSdess EePUIR IHRBNANTISE) SrBSRRS ITRAREY HBPM EOPRENS R AHIRG¥ANASy 12

i nsul ati ng bands whi ch surround each conductive pad. The insul ati ng bands
separht eMBBURGHINAEY PEYGESERS | y i sol ate the conductive pads fromthe netalized
ground surface. A 14 surface nount conponent, such as a differential and
comth node flt Baise anabigst of thediresent mventiente piovidersampranepheartigidhavitduct i ve
pads and operably coupled to the carrier. Once 16 the surtace nount
conpohen@n eBhanseg|gseuncosuriaseyiieh imnproyasthe dunntinaal characieristies ofsurasepul at ed,
either manually or through various types of automated equipnment, without 18
subj ett i Mgunheorspaneatsccauplad todhergomearenteamiethani cal and physical stresses
normal ly 19 associated with the handling of m niature conponents. The
carrisr al so Ipisow ffurther tabject ©f thiziprespahiaventions to] provieecrl compenentrarierom

el ectromagnetic interference and over voltage 21 dissipation due to the
surf ake adapied$padficalitoaieceivel agliffenentiaband eeremon motiefilten aad deerupiar asor t he
above described carrier is also incorporated into 23 several alternate
enbod? nedissipses in ey ahovseapienermed| gommoblg dskaed wending LS epatertrappliGatioosnnect or s
or configured for use with electric notors. The overall configuration and
WO 000 6S' 740 I7isPLCTuMBE0/cbjeth @f thee pmsient inaéntximatoaproeidest compofertnarmerncept s
underlying the present inventions are also 2 described as a conditioning
assebbl yhivihg an eahatcetddyroond sudacecwiich ymprands theofunotipral chanatteisticssefnbl y or
"ECCA") which enconpasses the conbination of differential and common 4 node
filters diffdrentiapand tonmadr intdde fitdrs narte detsuplerscds Hisclosed . in théhatsweal ong
with ot her objects and advantages of the present invention will 6 becone
nor e13 eagbfénsnegh 2bmionly OWNEd perding 0. Dfpdtéret apelicdtions, description taken in 7
conjunction with the drawings and the clains. 8 Brief Descrig tion of the
Drawiags 9 Filgis alifirthér 6bjBer SFRES bieéent iD¥dtAad provide ah edetdyrdonbitibhing
differential and common 10 node filter coupled to a portion of the

t hr uihol eirutngee8@Bly thal £6ribing$ at dngdrRAEBarrier with a differential and common

16 mode filter and decoupler as disclosed in the above referenced, commonly owned
17  pending U.S. patent applications to thereby provide simultaneous filtering of common
18  and differential mode interference, suppression of parasitic or stray capacitance,
19  mutual inductive coupling between two adjacent conductors and circuit decoupling from
20 asingle assembly.

21 It is another object of the present invention to provide an integrated circuit
22 construction for a differential and common mode filter coupled to the power bus lines
23 servicing the integrated circuit.

24 These and other objects and advantages of the present invention are



11 invention; 12 Fig. 18 is a perspective) exploded view of a dlfferentia[
and common node filter 13 coupled to a portion of a carrier circuit; 14
Fig. 2 is aRotbsssadional viewin cross section of a S|ngleeﬂudmdpmmrtace
nmount 15 conponent carrier of the present invention; 16 Fig. 3 is a top

pl an view of the surface nount conponent carrier shomn in Fig. 17 2; 18
Fig. 4 is an elevational viewin cross section of a doubl e-sided surface
nmount 19 conponent carrier of the present invention; 20 Fig. 5is a tap
pl an view of the surface nount conpoéent carrier shown in Fig. 21 4; 22
Fig. 6 is an elevational viewin cross section of an alternate enbodi nent
of a B3 stonphmisbéd truowgh thaosernd watiowoempbodimentsanfra eompgnent eapiee wbich
invention; 24 Fig. 7 is a top plan view of the surface nount conponent
carrizr rdveimesieithén @thru-hdle Qrisuttagd Onde@t diffseomtial 4D cdmtod; m@dd-filter addi s an
el evational view in cross section of an alternate enbodi rent of a 3

doubl &- sdeeuliptarrdsaiisciogadrih tio sboveendfereaced, eompdoriinewpea £t patanterdndon; 4
Fig. 9is a tap plan view of the surface nount conponent carrier shown in
Fig. % 8perfdifg U.S.Jgatérst applications (hareimanecieferedvioas “dfffererttial afdcoramoadi ment
of a connector 7 surface nount differential and comon node filter carrier
of the pmeaefitet By €ayéred ardhittttre"yl is a partial top plan view of the
connector surface nount differential and 9 comon node carrier shown in

Fig. 40; 10 FDfe embOdinfent coidistd bRa pldte¥f induldtirktrnaiesitl, arRergerreandas aoni ng
circuit assenbly of 11 the present invention; and Fig. 12B is a side

el evat i opRhavingufafr, ﬁdwgtagr Irlity Qf‘%él'mré@fd?%@séﬁtin@rth@‘.Iba‘éisrdfl# thrapsiemdl y
shown in Fig. 12A; Fig. 13Ais a top plan view of a carrier 13 energy

condi § i ogifagnBalahdl donRSEMBLY kgD ArRther @nthoBimEri 8bndists of Qgﬁﬁéééﬂn@unta
crystal 14 conponent; Fig. 13B is a side elevational view of the carrier

ener gy C%ﬁ?éh&@'d&@rn&' 6d?ﬁbr¥se@l5ofa§%‘?§ﬁf’?§’ ur@Ql&'tnh%qnét@né‘l FAVIRG @t 188 qwROT L1 0N

of a crystal conponent shown in Fig Cs a front eievational

viewof LhGtres! e &ft@catuws?ém%hmabéledOdgr&%éta&%aeaﬁo&ahd%w@daﬁad in a

crystal conponent appl i lon s In Fig 13B wth a netal encl osure;

and K 9. gJrfidel aﬁ'\ n%ld&%seit %‘t't\ﬁ@%n&u&WeCHadE%r%hBi'ngrthﬁ'Kﬂ'e%rééo%qht ' 0”' ng

Ci I’CUIt 19 asse y encl ose cryst al corrponent i cation shown in

Fg. 2130vn3319tn'|:q Bands Whib? srd M cRRoMUGHVE bad. FRE istlatiRg BaAYs SQMtk! ONi g

circurt assenb
13 and electrically isolate the conductive pads from the metalized ground surface. A

14  surface mount component, such as a differential and common mode filter, is positioned
15 lengthwise between the two conductive pads and operably coupied to the carrier. Once
16 the surface mount component is coupled to the carrier, the combination can be
17 manipulated, either manually or through various types of automated equipment, without
18  subjecting the surface mount component to mechanical and physical stresses normally
19  associated with the handling of miniature components. The carrier also provides the
20 added benefit of improved shielding from electromagnetic interference and over voltage
21 dissipation due to the surface area of the metalized ground surface.

22 The same concept for the above described carrier is also incorporated into
23  several alternate embodiments, either independently, embedded within electronic

24  connectors or configured for use with electric motors. The overall configuration and



21 conmprising a differential and common node filter nounted on a single

| ayer substrate 22 carrier within an integrated circuit package; and Fig.
14Bis a to Ian view of a single 23 point ground area | eath the
differentia Gy%%nnnn node filter in Fig. 14A; 24 Fig. %@ﬁ &gﬂi@p pl an
view of a carrier energy conditioning circuit assenbly WD 00165740 9

PCT/ US00/ 11409 1 conprising a differential and comon node filter nounted
transversely on a single 2 |l ayer substrate carrier with(n an integrated
circuit package; 3 Fig. 16Ais a top.plan view of a two |ayer substrate
carrier having a differential 4 and J ommon node filter nmounted to bus

traceg oi e%tﬁc%Pcﬁ%Ef@?i fttpg c%ﬂééﬁétrgrundgﬁﬂ gtlge garsrl_a:ﬁgnrdvﬁpﬁqﬁ r%t%io an d 6

Cross- sec I onal VI ew O

o fo de%Cf%eé'a@ea#%éﬁﬁﬂa'85¥%§§‘tv?%'?%'§§eft§%5§&°. B T 4450,
anindul %%F%ﬁbl&%ﬁ RO Saiiesady Cc%ﬁi#w%ﬁwf e ot e
o pofior TG HERAN Ho ”ﬁoreeaﬁ'c%ﬁ%ié‘ét‘u%«ze% R0 FREF, 11 ant Fi ffr 1?%“!“563

front cross-sgctional hree | ayer rate carrier, ig. 12
17 dnd i g, Tasts pong wiiiether ebiestraanc, PR Ao RGP REES S BYerUaR ] ot e
carrler f . 13 17A; and Fi 17D is a front cros ectipnal view of the
b ee 61 2 PEFOTRITEPiE-i080bn APPRIETETOT3 EPaing A SPIAIRR SESRRB BER T | ayer
15 Fig. 18 js a side sectional view of a nmulti-layer substrate carrier

havi ng aCPBIUBFthrb‘?’@hf"iea‘ﬁa‘é(H‘@s@&HﬁBﬁCWB’B% filter embedded on a |ayer within
the substrate; 17 Fig. 19A is_a top pI an view of a shielded twi sted pair

f eed 18hrough differenti al Degcritignohthe irgw er; and Fig. 19B is a top
pl an vi ew of the coplanar el errents that 19 conprise the shielded tw sted
pair Peed t hr5ifgAAdS pPEFEReChvE. eéﬁ@dééM‘PM‘hOTrﬁ)Wé“'hPiet‘Bﬁe"Gf‘t@@”F‘lCﬁm"l% and
Fig. 19C and Fig. 19D are schematic representations of a shielded 21

tw stléd perde fitasroupiediigha gorticsr ehtheathrushele ccampanenb Garrier 1of dhe PrasENhg
differential noise 22 cancellation; and Fig. 19E and Fig. 19F are schematic
r epr ddentrMENEAR; of a shiel ded 23 twi sted pair feed through differential and

common node filter show ng commbn node 24 noi se cancel |l ation;
12 Fig. 1B is a perspective, exploded view of a differential and common ‘mode filter

13 coupled to a portion of a carrier circuit;
14 Fig. 2 is an elevational view in cross section of a single-sided surface mount

15 component carrier of the present invention;

16 Fig. 3 is a top plan view of the surface mount component carrier shown in Fig.
17  2;
18 Fig. 4 is an elevational view in cross section of a double-sided surface mount

19 component carrier of the present invention;

20 Fig. 5 is a top plan view of the surface mount component carrier shown in Fig.
21 4
22 Fig. 6 is an elevational view in cross section of an alternate embodiment of a

23 single-sided surface mount component carrier of the present invention;

24 Fig. 7 is a top plan view of the surface mount component carrier shown in Fig.



WO 00/ 65740 10 PCTNSO00/ 11409 1 Fig. 20Ais a top plan view of a carrier
energy conditioning circuit assenbly 2 conprising a shielded tw sted pair

f eed t hr ougWwodipénas enti al and conmon node filter 3 enbeddedrtiusooai4o9

mul ti-layer substrate carrier within an integrated circuit package; and 4
Fig. 20Bis a front cross-sectional view of the integrated circuit package
of Fig. 20A; and 5 Fig 20Cis a top plan view of the ground plane | ayer of
the integrated circuit package 6 of Fig. 20A; 7 Fig. 21 is a top plan view
of a carrier energy conditioning cir&uit assenbly 8 conprising a shiel ded
twisted pair feed through differential and conmmon node filter 9 nounted
underhealsh a multi-layer substrate carrier within an integrated circuit
package; 10 and 11 Detail ed Description of the Preferred Enbodi nents 12
Fig. 2 A shovgtdis g elewationahviewtin erossrsection of aplaiemnatexempodiment nbat
carrier 132 13 is shown coupled with a differential and conmon node filter
130 hhavi dopbidrsidet sbdadecmdenticbnipthehtcardeeafithe pedseotiopéntiog; t o carrier 132.
Differential and common node filter 130 is 15 disclosed in commonly owned
U. S. #atent Nog. HisF@pIhdh (iderdf dhe dofacddha4rt conPpneridangrl showniinFigSer i al
No. 091008, 769; and U.S. Patent No. 6,018,448 (Serial No. 17 091056, 379),

i ncorpor@ted herein by reference. Briefly, the structure of differential
and 18 common node filter 130 will be described. Filter 130 consists of a
firsté el ectr®ig 1BEH 4 pastiall parspeciivedvielvasfta futthed dmbobinvdntaf @ ednrectoal |y
separated by and electrically isolated 20 from each other by a plurality of
ground | suace mMalsht différéntiabatd ebrafiohimodefiltad darrithef (Ad ppesdnt invieation;
architecture creates a line-to-line capacitor and two |ine-to-ground
capacg t ors 2Fign1Cib arpaetidl @p plan vidw dfane bénrdctar3drfacemoontditferehiidl apgi ng and
decoupling. 23 Because filter 130 is a sonewhat fragile conponent,

conpoyengorBMbh infidelcafrieshpwavh B8RS 18; physi cal support to which filter 130 is
physically and el ectrically coupl ed. WO 001 65740 11 PCTNS00/ 11409 1 The

}‘ L; Ztso and sequgchx 8E topPien Vieh ctRCeatdet dredy EeHdRioRHY difcul@ESemBig@ct i ve
11 the present invention; and Fig. 12B is a side elevational view of the carrier energy
12 conditioning circuit assembly shown in Fig. 12A; Fig. 13A is a top plan view of a carrier
13 energy conditioning circuit assembly applied to a crystal base portion of a crystal
14  component; Fig. 13B is a side elevational view of the carrier energy conditioning circuit
15 assembly appiied to a crystal base portion of a crystal component shown in Fig. 13A;
16  Fig. 13Cis a front elevational view of the carrier energy conditioning circuit assembly
17 enclosed in a crystal component application shown in Fig 13B with a metal enclosure;
18 and Fig. 13D is a side elevational view of the carrier energy conditioning circuit
19 assembly enclosed in a crystal component application shown in Fig. 13C;

20 Fig. 14A is a top plan view of a carrier energy conditioning circuit assembly
21 comprising a differential and common mode filter mounted on a single layer substrate
22 carrier within an integrated circuit package; and Fig. 14B is a top plan view of a single

23 point ground area located beneath the differential and common mode filter in Fig. 14A,;

24 Fig. 15 is a top plan view of a carrier energy conditioning circuit assembly



2 140 which are inserted into apertures 148 of conductive pads 144. Each
conductive 3 pad 144 is electrically isolated fromthe conductive surface
142 of conpRB%Rkssserrier 4 132 by insulating bands 146. Netreoiisbees
conmponent carrier 132 provide additional 5 physical strength to
differential and common node filter 130 but it also acts as a 6 conductive
shi el d, which substantially inproves the electrical characteristics of
filter 130. 7 When filter 130 is properly coupled to carrier 132 the
plurality of common conductive 8 el egtrodes or |ayers 134 are electrically
coupl ed to one another and then electrically 9 coupled to conductive
surfate tdmphisingrydifferdndal arfd cEramenknode filer mometed efanevelsalgron 4@imgkd |1 i n
the art. One common neans of coupling is through the use of sol der points
150 11 coiyeestbsigiteoarribowihinfantifegrnsarsifcuitpzdnsage;ve | ayers 134 to
conductive surface 142. 12 One advantage to the relatively |arge conductive

surfage 142 oFigC PeMM L fip |§laﬁR/iewof]a?avql@?/él_ssdbﬁﬁbteiéarﬁéﬂ@%é@@if@%)ﬁéf or
formon conductive surface 142 its shielding effect is not 14 lost. 15 Fig.

1 B showgnaBomdp MedeEnine? hiduptedab bub fraBs$£8Rtop SUHRIEI0Pthe darkidrSarkd Pl est
form 16 The difference in Fig. 1 B as conpared to Fig. 1A is that "the

can-i er 3@@75 8ffrdnit Grosd-sBctishil @i@mﬁoﬂﬁ{a 'iw@iaa@..ﬁ itfatd EATRP of g M EASAHAL ed
from conductive surface 142A by insulatin ands 18 146A. A person of

or di ngry Eﬁ( bk i& Q.sicféese%’iiénéﬂ‘\)/vaoﬂﬂgﬁé Fa@@psﬁﬂé?rtate{]@a?ri&%"ftl’g%qtdm BPB giqmt 19

limted a specitic nunber of circult "traces that can coupled™to the

respegt i VBp20 SARANCHS ek i W & kAl ohBBaR SARachyA BGkf ode 138

are each e rica 1 connected throu con S er pad
144A gn - FLFEHI A5 A, ; d thereto by sol der
150A. QCO%A%%E%'S{JH/@ I L@%@Eﬁﬂag?ées %@‘"SP%E?’?%?%E y connected by
condugt or 140,_61

enbodi nent can g;.[ mﬁ %ggg+6§wgé{'§¥i§%°& gq@géﬁé@é{ F’Jdir’lsstﬁagtg F %\kﬂgﬁﬁ?\ﬁ@g d %‘%&'ng ?igc Ih 2
' ond prOs SPTEbroRERTE Buf HAHGEd KEpatid adRs B0m RSB M e BiCA e

el ectrical Ly c ect .the 3 commpn conductive |ayers 13 0 e conductive
curt dbe ISR I7RIE b ol heraRPna S i frged egeRedniiral iR 608

| ayer,gd hi ture~S (differential. and,common, nmode filter 130), i.n
conbihat 168 AT Feh EGiaciq S Ehbatied 87 4T BHRE el Supsirale b@edt B an
ener C itiognin i.rcyi t assenbl ereipafter 7 "ECCA"). Wien the ECCA
e e g ol dann i 12RE Ay 8355 esbantinas ohfeiieedayes Substiie HERRS ecei ves
and ndit i .ener, ro ating to the load in a 9 bal anced nanner. The
ECCA?gf F%qggé@%ﬁ'%ﬁg%%@ﬂg ?aé'%ﬁi sclosed in a plurality of 10

enbodi nent s, i w |1, be described subsequently. Each enhodinent of the
11 EGEA recei %\@s%gr[a % Sid8i $65R2aleYRY R MR t"zﬁy@Etstngt!ﬁthcq{Bﬁrph%ﬂn%@t ween an
activ 1552 oad, Fmd an ener source. The conditioning functions provided by
t he Eg:CA eeential angemman &inde; fitep gmbedgded pp @ ayey Witbiy thgryubstrate; i cal
connection of _the comobn 14 conductive el ectrodes (g{round | ayers 134) of
the Fayered afigni%eisalre pPlanviewef a shigded wisted pai fredithiengp difieTentislanged by

t he conductive substrate. The conductive 16 substrate is positioned apart

f r omt® heCOMMoB BAYe Hitgry apd &igy; 188Gis tap Plgnviewspf theecopianayrlpagnts that
architecture. The common conductive el ectrodes alone or in conbination 18
wi t h1? hecedREsRiE phiekladdwisiedraif teed dhrptah differantiel andsgamymen imadedfiltenoh
separate_energy 19 path fromthe energy path between first el ectrode or

| ayer0 135'9ar1(9g~':@ﬁ€ 4g-i 18C and £ig0190Q are sshematipyeniaspriationsdoled abieldege or

| ayer 138 and conductive area 142 (or 21 142A), at the sanme tine. Depending
upon2t hetwisted pai esdproughdifierendinl andecarampn made filter ghawirgdifferantialnojse

el ectrodes and/or the conductive substrate may be connected 23 to a circuit
gr oudd oeancellation; and Fig JI9&: anyl @gom%pr@sm%gegwe@gn@,ﬂom otashieldgdound. 24

As a person of ordinary skill in the art would understand) the energy
ret udh phyisted painfemy theugh differential and common mode filter showing common mode

24 noise cancellation;



PC1l' / USO0/ 11409 | could be any desired reference including a zero voltage,
reference or even a offset 2 reference in either the positive or negative

di rection, %&ﬁgofor inverted digital logic 3 for exanplgrnsediiaoe
sinmplicity, e termground will be used generally but is not 4 intended to

be limted to any one particular electrical reference point. 5 When one or
nore pairs of differential electrodes (first and second el ectrodes G 136
and 138 respectively) of the layered architecture are electrically
connected to 7 external energy pathwags or planes, i.e., electrical
connections to and froma power 8 source and | oad, and energy is applied to

the pathways, Ridie20ACEAa sy pRINNEeW of iantdriienensrgy eoadityning aitchit assengbly
functions. These conditioning functions include 10 but are not limted to

filterd ngeathprisy@Bhiekida tvitled phir fscRNthrdlghrdifierenalsmha dommaym asstlengteef noi se

to ground, circuit decoupling and/or transient voltage 12 suppression or

M Nni M 7 at éABedddRNE A 0E- ISR SUubBRath B RieP witARead tegtiteaird0R phodide; 4d t he
ECCA may al so performprimarily an energy conditioning function or sinply a

14 cirgui ﬁiPF}&m's}@fffdﬁgchHélSé&tBﬂal VEWBMRE irltéyratRB irdPbdckage 61Fsig. 0ANVahd
performnmultiple IS functions as just described upon propagati ng energy,

si mul tanegy oy is hGogd P%nﬁ%o@% En@Flaﬂe%‘i’ eftHeqRtdgrdted %frcxﬂﬂfﬁcﬂlﬁ?e Al so

propagating along nultiple 17 external energy pathways. Energy wil
pr opaqft eod“’i‘iié.fﬁo%'the | ayered 18 architecture in a bal anced manner from
mul tiple directions 3 dinensionally; neaning 19 the reactance of the

propagat ed en i@@"‘ﬁé&&? gr?;ée)f(/féw Hﬁé%a}‘r(iﬁgén P@gggncmﬁ'liﬁ clrfiGit 2Ssahpigiue

arrangerent of gy reéeceive ndi'tioned provides ah 21

by the 2o el £ SHEIRE st RaP Med PN Sffehtl 3 SR alfeigh” 'oc"
{s . LV _ i sqi 24, | d

ot hor vi s e Byied L izath 23 veF Hlekudle CBHEF i SThEDART oicdiaBragt? |

00/ Gof£0 J4 PCTNSOO 11409 1 pat hways or conductive planes. The ECCA al so
prevents radiation of cormmon 2 node noise that would detrinentally

influgnce the energy @Q&@deﬂeécﬂgfi&eo# tﬂgg’?eferred Embodiments

12 Fig. 1A shows the present invention in its simplest form. Component carrier 132
13 is shown coupled with a differential and common mode filter 130 having thru-hole leads
14 140 for electrical coupling to carrier 132. Differential and common mode filter 130 is
15 disclosed in commonly owned U.S. Patent No. 5,909,350 (Serial No. 08/841,940);
16 application Serial No. 09/008,769; and U.S. Patent No. 6,018,448 (Serial No.
17  09/056,379), incorporated herein by reference. Briefly, the structure of differential and
18 common mode filter 130 will be described. Filter 130 consists of a first electrode 136
19 and a second electrode 138 which are physically separated by and electrically isolated
20 from each other by a plurality of ground layers 134 and by a dielectric medium. The
21  particular architecture creates a line-to-line capacitor and two line-to-ground capacitors
22  which provide for differential and common mode filtering and decoupling.

23 Because filter 130 is a somewhat fragile component, component carrier 132

24  provides a physical support to which filter 130 is physically and electrically coupled.



3 serviced by the ECCA. Because the conmmon conductive el ectrodes of the

| ayered 4 architecture are electrically connected to the | arger conductive
area of the 5 conductive substrate, the | arger conductive area becones an
ext ensi on oVOOKEST4 cormon conductive el ectrodes found wi t REFUSHAIEGy o g
architecture) and 7 conversely, common conductive el ectrodes found wthin
the | ayered architecture 8 becone an extension of the |arger conductive
area of the conductive substrate. 9 When the differential pathways are
coupled to an active |load, for exanpl.e the 10 silicon wafer or active
integrated circuit, the conductive substrate extension is in a 11 position

such §Namd frslERl LicohBauioes 734 3R 198 Lok e 1d &7 Gl Anofanaliedor e

pat hways cont ar ni-ng "ener gy i sYpro Nng to and froma source and

a | oagl. ' rall.el 13.positioni t echni.que of .nr.gpagatin nerqy paths
i i i 20N o afent®d M ok diof e, ekl Hae8 e ket ol
propagatin on .SQUr.c thway to a | pad apd t 5 1 oo rea.of the
ot hby PRGAh 5 SadrSgiviSSiaBa mi T e Sorliuel s fHee 43 2 2ompRRe Rt i que
hel ps,to,mni m ze . .any RE r t hat coul d devel op a radi at e common 17
tode ot 122 BY Rsfufe Hanes SR M ¢l Rodtormednar CesttiE s pRMgBEHRRBECK | 1 o
the 18 ciyrcuitry. The c n.conductive |ayers al rovi de a physi cal
bar 11 &1 _Byeizh alapgBrio MeTRP A A GomE R BN Ter P T Sh BB S50 dcB o5 2
el ectrodes and at .the sane ting, i.n an 20 enerqi zed state, it_al acts as
5 ComonoRIBEN RS VTG Pt TP e s Ao B R BeRag erefoa PL e B0 e mad um
to parti S(&lél 2nvel gping the differential conductors contained 22 internally
wi thih ¢ WEhn{jiar 3304 BRomedl colRled fo partetdz:ine phirali of SPEIONCSNAE Ve ar ea
or extensjion provided to the comon conductive 24 el ectrodes within the
| ayer&d aleetiedascerlayers Jsétare sleckically, cevrled EpPiRyaseiher and than elegtrically) 65740
15 PCT/ USO0/ 11409 1 decreases unwanted energy radiating fromthe
di f f e ent9upleddpsondulivg sureae 1A RYRMY remier af Searfanowndit thpsg ofardisa®y near by
energ& pr QE_agati ng along the differentially 3 phased opposite conductors.
The &her gfilziadhe arbOngrdoptmemereansricnugling isdhneaginthe ysesfisglder pointsclisent
si mul t aneous condi tioni ng and/ or decoupling on portions of energy 5
pr opabat Fenpesting pertions of theaommoreeendyetiyaltaiorsyiS4de cphaurtivetsneace 2.
servicing a |load. 6 The parallel arrangenment of the common conductive
el ecl? odé¥nemdvaniage te:the relatiesly drge cnductivelsudacsm 42 bfecomposest eamrienitdd t he
sane of the externally located 8 conductive area provided by the conductive
subst? at is thatdfcracks SR @ppeamnormiomn minzenductive sorfaceuiA® itssshielding effect ipastasi ti cs
and em ssions. Such em ssions can radiate 10 from or be received by
portidénslost. internal differential energy pathways as energy 11 propagates
along the internal energy pathways to an active |load. Portions of the 12
ener &y radi atfeg. T8 showshan atereatealersiore ofthe patdentipsentioatiniits stimplpgtddrnmi t hi n
the 13 boundary forned by the | ayered architecture and the | arger
condigt i Vbealifteerude in rég. 18 asocmmpered o BightA iscthat the carriee 182taf Fige dBthasi t s
source. The opposing differentially

17  a pair of circuit traces 145A insulated from conductive surface 142A by insulating bands

18 146A. A person of ordinary skill in the art would understand that the combination is not
19 limited by a specific number of circuit traces that can be coupled to the respective
20 conductors 140A. First electrode 136 and second electrode 138 are each electrically
21  connected through conductor 140A to a solder pad 144A on one of the circuit traces
22  145A and coupled thereto by solder 150A. Common conductive layers 134 are
23 electrically connected by conductor 140A to conductive surface 142A. |t should be

24 noted that each embodiment can include one or more connections between the



15 phased conductors wthin the |layered architecture will al so suppress or
mnimze 16 el ectromagnetic em ssions of portions of the propagating energy

not contai ngg dr.ahecrostatically by the common conducti vecRaistigXe by
utilizing the comonly know 18 principals of inductive cancellation between

cl osely positioned yet opposing, energy 19 pathways. Sone or all of any
undesirabl e energy (signals, noise, and/or transients) 20 conditioned
andl or decoupled by the ECCA will be contai ned, suppressed andl or 21
bypassed to the common conductive el ggtrodes of the layered architecture
and the 22 | arger conductive area provided by the conductive substrate. The

for egai NGcotdmbh tehiediive 1dpser 134 aRd ddhdlfReEsdahorPMd24S 16eORy pldf¥rré® al | of
t he enbodi nents of the 24 invention set forth hereinafter. Each

subsequendrhiyodi@eft, itherd aret 1Bt (W conticiiPé GBA0hA6 elbcritBMd comidct itse t 0 be
interpreted in light of the foregoing descriptions. PGI/US00/11409 2 A nore

speci fj ¢ qymAeh BBRduchle IdyBraPT S0 Mhe boNRIttiVOBurfadedapated in Fig. 2 is 3
surtace nount corrponent carrier 10 for maintaini ng a ceramc p| anar surface
U

mount 44 el ect réo@!@lemﬁegiﬁ%?é‘&hovﬁ#ﬁh:ég"ss 1A &Hd {EPHRBI0s8a 1aykted ArEFREcIRAE fil ter

as is disclosed 5 in commonly owne Patent No. 5,909,350 (Serial No.

08/ 841, 9‘@?‘%@1@@ érﬁiﬁ&érﬁﬁlfg E:lg?cgé.?@*er %gﬂ). iﬂ%b%ﬁva?igﬁgvitﬂ@cdﬂd%cti\@é trafdlo-

6, 018, 448 erial No. 09 I ncor porate ereln by reference.

Carri g ](Q?Jri%r 35} thlft SRSk G fgi‘ferq?’r}:gnﬁﬁiHhﬁb%ﬁlc%ass%n%!)? Qwegéingﬁ%ram ¢

havi ng at’ 'east t'wo apertures ulator IS covere conducti ve

et al 72 o egouncynAE BCEN s Loubi8ASnidkh SPBUIGH EYGcBUIS bl suT T oundi ng

apertures iI'nsul ating ban surrou each conductive pad 11
24. Thro [ o) i o) IS o] IS ting material "
may al%soq%@g@e rEe? @ﬁegéﬂ? gag§§8%+|§é]ﬂ§réheﬁ u?'lg_%) g&&{ngltﬁgt& g{& ?ﬁé}gbands_ 22
aroung suhRe inef "y A SR feF pfehors RtReed o BT 81 275 )
t he pr.ef : [ , j [ on is Ckl Iy pe with
squarplé) i %ﬂ?&'ﬁg@gggﬁggR"ﬂ'ggesé?%ﬁ?%%%éepqé'ﬁﬁ%ﬂ Fﬁ&f%ﬁhagﬁj@iﬁﬁﬁgt ive 16 pads
24. rri alo various elements can.be fornmed.into ny .di fferent
| 7 sh pes%%ég‘i%%sc%@tco gg@nﬁgperigxtwg}?& q(f%cq?(faﬁytcoyﬂlgggggrbeeeng% %/‘I‘ﬁta/ei nvention
to t 1 rficul ar shapes own i.n the drawings. .19 Referts] again to
o ) oRT A B0 ePlrob SR0ER, S RneRohils i BhT Braidh SirFEL8a™E cover s
B ati1g 220881Bo bl plend AR afy SeBeatarar o R SO0 11 oal 1y
couples to the. correspondin conductive pad 24. Through-hole plating 20
provi'des CQFQ‘A%E{P egqﬁ@ﬁea?%[p@%dzfagﬁr se%ggf’t ﬁ\{\g;ﬁyej EEﬁJhHF?tHE?%Fh 8Bnductors 34
to conductive pad 4 as the conductors 34 are disposed 24 through
aper t'ar e* %Pal'méa%%}‘{?ipﬁ” artqv@ﬁgg:fy(iﬁ%f:%rpqaugg&e ﬁ‘r't?ﬁj'ﬁge'sﬁ?? 8‘8’%& V€ insul ati ng

16 substrate is positioned apart from the differentially energized electrodes of the

17 layered architecture. The common conductive electrodes alone or in combination

18  with the conductive substrate are normally electrically coupled to a separate energy

19  path from the energy path between first electrode or layer 136 and conductive area

20 142 (or 142A) and second electrode or layer 138 and conductive area 142 (or

21 142A), at the same time. Depending upon the intended application of the ECCA, the

22 common conductive electrodes and/or the conductive substrate may be connected

23 to a circuit ground or return, an isolated ground, a chassis ground, or earth ground.

24  As a person of ordinary skill in the art would understand, the energy return path



WO 001 65740 17 PC1' 1US00/ 11409 1 bands 22 and conductive pads 24 provide

t he necessary contacts for connecting a 2 surface nount conponent, such as
differenti onmon node filter 12, to the upper 3 s éﬁ@ arrier
10, which %?J{}?ﬁ‘%pr ovi des el ectrical connection bet vveenulf:on ugﬁggi 4 34
and surface nount conmponent 12. The surface nount conponents referred to)
such S as differential and common node filter 12, are provided in standard
surface nount 6 packages which include a nunber of solder term nations for
electrically coupling the 7 device §p external circuitry or in this case to
carrier 10. Filter 12 includes first differential 8 electrode band 28 and
second doliddrecamy édsiredasferante ib@n@in?@z@xéemtﬁg@gefermeeirch aoffbe® of filter
12. Extending fromthe center of filter 12 is at | east one and nore

t ypi eal Irgfetemee id itk t® Positive! BnSIVY eirbdtorh as dsed@ for iMVeried igiral Rdicout er
casing 32 electrically isolates 11 first and second differential el ectrode

bands - 28orasiniile ek GRIIRHY. ieAAA FARAUAN b¥astd gBABIGRy Bt ma one anot her.

A top plan view of a s ace nmount device as just 13 described is

showg | htbhded tbbedimited o®drfUredarfiéliarcEethen) FYdRench Ipbf. 104. The filter 104

|4 is comprised of first differential conductive band 116, second

di 11 g1 ent i al v dniRorkaldH alfkRerdlifeloBodd THR aRt QHikh QBhitddsye bands

120. The ins outer casing 16 122 separates an ectrically isol ates

each sof 1@B%n_\aaqr§a%§péméwf§ism§id}gféehg?,fcpﬁé&%ea 4 L konddidd @ 1 A shous

tEe present i1nvention in _ orm chrrpone_nt carrier 132 19 is

fhgﬂ”?héfééf%'@% Helsy el o f-%-QP'e%QGEF%#?@%QF%?’EJ@@s%ﬁ&e??er ential
' ¥ ol [ .S. P

No. & o0BUisBGPdand e chile B it BnE5thidys ST (BHBRRs | > "atent

051095, Wiyl b org Al el st PR T2,

i ncof porate erel ructure o erenti al

?:”?s}ﬁ“eﬁﬁg‘%%&adé‘“ﬁﬁé t b@@é?o%gé“ﬁ%*egﬁ%sﬂi%ﬁg&%%é%ﬁérvé’?s%' §§2f§‘n3t ° o @
Cop ; ¢ 2

ol urdi ??ip%%%qr“%“hﬁﬁ%saaéi%ﬁ@r"@%ﬁaﬁﬁae%oﬁ@ﬁnﬁﬂ@f? (el i S e i The
PF a2 o SEbraadoR B ifinsaEoly ERRERiRy boPR e bt AT pFEBERPLER BRFodd ron mode
fil i d ling. 5 fil 1 i, wh il
componee EEGATBREARo caTPrE PR erebReerdoiga ReafoR A atRY £ o whi ch
filter 130.ijs electrjcally coupled. The first and ﬁ s&cond l‘mpgectrodes 136
and 1138 kgt AerpyRIing aatéqrf./\pgwp &Id8 many appiications it Wik periery m 8 apertures

148 of conductive pads 144. Each conductive pad 144 is electrically

isollgt eg‘"gﬂ?'?%ﬂﬂuﬁgd% GgPPQ’épEQBaSQB%Q iﬁ?'gkﬂ'fs'@&le%?ﬁ?é'ﬁty'carri er 132 by

i nsylati ng bands 146. Not 10 only does conponent carrier 132 prqvide
2daile, onal prOSECEA S SH1GSH S CPBIMNET BNOGH @ AHRdeURaINaITUR  er 130

but it7t al so@icts as a ground shield which subst_%_?ti ally i(rjrproves 12 the

el edf ri EXEMAl SPSITY NAthW3VSs Evergy wilalso rigpaggievitn theldaviesed| s properly

coupl ed t%,carri_er 13 132 the plurality of ground | ayers 134 are,

el edfri BENGHERiPIackplarrcasTBaRRRS NG Muftpla fiegetions ¢ sifpersionallycBatipgi ve
surface 142 by any nunber of means known by those of ordinary 15 skill in

t he 18r t thegieaciaprerBhthedupragstederergy wilkbe apRigkimaiely balancedgRuere thise of

sol der 16 150 points connecting portions of the ground |layers 134 to
condfict HOIgUS grrapgementof the EGLA, gacyirageivedant eonditienedripyidpgeRe conducti ve
surface 142 of conponent carrier 132 18 is that if cracks 152 or electrical
opeRl ngactiveriaad with ardaiacte genstant enesgy squrce svijeh eanibegraven Bperby thes not

lost. 20 Fig. 1 B shows an alternate version of the present invention in

i t s23i nprivetloadwithoyt Devimaental Yoltegaceodsn Fig. 1 B as conpared to Fig. 1 Ais
that the carrier 132" of Fig. 1 B has 22 a pair of circuit traces 145A

i ns@bat ed from EoRAAISE electivelyanipimizexopp currenisAariunyaptasoRMiEsionga6A.  Fi r st

el ectrode 136 and second el ectrode 138 are each electrically connected 24

t hr tighth@bwaulstashernvisirexist im theolodaof pamtmionanode neise coepleddo energi t traces
145A and WD 00/ 6S740 19



PCT/ USO0/ 11409 | coupl ed thereto by sol der 150A. G ound |layers 134 are .
electrically connected through 2 conductor 140A to conductive surface 142A.
3 Bot h enbogigwiésme Shown in Figs. 1 A and 1 B disclose a pay®ssfiisoe
architecture 4 {differential and common node filter 130) in conbination

wi th a conductive substrate 5 (carrier 132) that conprises an energy
conditioning circuit assenbly (hereinafter 6 "ECCA"). When the ECCA is
coupl ed between an energy source and an active 7 |oad, the ECCA

si mul t aneously recei ves and conditi dAs energy propagating to the 8 load in
a differentially balanced manner. The ECCA of the present invention is 9
di scllosephthways @i conguctiye planesthbt RERAsIsapieyentgiradiatinn diecsemmerd
subsequent|ly. Each 10 enbodi ment of the ECCA sinultaneously receives and
condi2 i omede neisgthativeauld detingntatly infllenee thecanengy couplédtodthanehdsn ener gy
source. The conditioning functions 12 provided by the ECCA are facilitated,
i n part)sedmiced by tHeeECCIAC Beonosatiet caormonf comductiZe electrodescofitte tyeves

el ectrodes (ground | ayers 134) of the layered architecture with 14 an

ext erdal arcbitebireiave efeatrivally conrdetbdiy thdargerndudidtive asedst that z. The
conductive 15 substrate is positioned apart fromthe differentially

ener g zecbnaueive substratef, tHenlarges coagietiesl apsaciddoadsuneextdidorcoften conducti ve
el ectrodes alone or in conbination 17 with the conductive substrate are
nor meg | yeorh6h cos@ldtive ethrbées foand withmethe Yayeedd achitéctpr@t Bndi . €., ground.
Dependi ng upon the intended application of the ECCA, the 19 common

condurt i ywvetsest Eemfbnadtiidastivie e steiady édundevitHin fe laysrefaiychitectupgnect ed 20
to a circuit ground or return, an isolated ground, a chassis ground, or

eart kg gridsdthe #ileXiendloR OF FRNaRer B6kHURAYe alsidf khd Eoriditivd subdirated under st and,
the energy return path 22 could be any desired reference including an

of fsef referangén the @ifféraptiallpaehviAs! dré “Buled {3ah QBfid lbad Jiof 8kdmple thés used
for inverted digital logic for exanple. For sinplicity, the 24 term ground

will1de siren waRebpbbiveditedrited QircLif thE ¢AdLQIvBSsUbsafeCekibRsiGmis png WO
00/ 65740 20 1 particular electrical reference point. PCTNS00/ 11409 2 \Wen

one o "EYeRioRUCA tRdt itz cBRles M coBatWIRARE difdrémial BORHLRAGOPathRlagSt  odes 3

136 and 138 respectively) of the layered architecture are electrically

connect : I s ardd tLd
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15 loop area of the pathway used by energy as it returns back to its source. This

16 technigue helps to minimize any RF energy that could develop and radiate as common

17  mode noise originating from the layered architecture arrangement back into the

18 circuitry. The common conductive layers also provide a physical barrier of separation

19 interposed between differential conductive electrodes and at the same time, in an

20 energized state, it also acts as a common electrostatic shield that functions between

21  a dielectric medium to partially enveloping the differential conductors contained

22 internally within the layered architecture of the ECCA.

23 The larger conductive area or extension provided to the common conductive

24  electrodes within the layered architecture functions as an enveloping shield that



8 although in many applications it will performboth upon propagating
energy 9 sinultaneously. 10 The ECCA can receive and source energy al ong

mul tiple e&k&w%‘oenergy 11 pat hways. Energy will also P PRABS0A Mthi n the
| ayered archrtecture in a balanced 12 manner, neaning the reactance of the

propagated energy will be approximately 13 equal. Due to the unique
arrangenent of the ECCA) energy received and 14 conditioned provides an
active load with a defacto constant energy source which 15 can be drawn
upon by the active load. 16 The ECCfsal so effectively m nimzes | oop
currents that would otherw se exist 17 in the energy pathways or planes

couphed deerdd’8s LAwdsted %@t@?{?&ﬁv@dta!ﬂﬁg tempe diferepidl eiictrugesinacivoades of the
| ayered architecture are electrically connected to the 19 | arger conductive

ar ea 01 gAMb e Bhfby dritRg) BloRBKatRNAINGS insiférental) becorres an

extension of the comon conductive el€ctrodes fo within the 21 | ayered
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22 of an integrated circult, conductive substrate will be positioned
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12 energy radiated from the internal energy pathways that is trapped within the

13 boundary formed by the layered architecture and the larger conductive area of the

14  conductive substrate will be retumned to its source. The opposing differentially

15 phased conductors within the layered architecture will also suppress or minimize

16 electromagnetic emissions of portions of the propagating energy not contained

17  elecrostatically by the common conductive pathways by utilizing the commonly know

18 principals of inductive cancellation between closely positioned yet opposing, energy

19 pathways. Some or all of any undesirable energy (signals, noise, and/or transients)

20 conditioned and/or decoupled by the ECCA will be contained, suppressed and/or

21  bypassed to the common conductive electrodes of the layered architecture and the

22 larger conductive area provided by the conductive substrate. The foregoing

23 functional description of the ECCA applies generally to all of the embodiments of the

24  invention set forth hereinafter. Each subsequently described alternative



13 external energy pathways to an active |oad. Portions of the energy

radi ated fromthe 14 external energy pathways that is trapped within the
boundary fo Ryt he layered 15 architecture and the | angghusediigsct i ve
area of the conguctlve substrate will be 1Greturned to its source. Sonme or
all of any undesirable energy (signals, noise, and/or 17 transients)
condi ti oned and/or decoupled by the ECCA will be contained, 18 suppressed
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architecture and the | arger conductipse area provided by the conductive
substrate. 20 The foregoing functional description of the ECCA applies
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19 Referring again to Fig. 2, in the preferred embodiment, metalized ground surface

20 16 covers a substantial portion of the top and sides of carrier 10. Through-hole plating
21 20 covers the inner walls of aperture 18 and electrically couples to the corresponding
22 conductive pad 24. Through-hole plating 20 provides greater surface area for electrical
23 coupling of conductors 34 to conductive pads 24 as the conductors 34 are disposed

24  through apertures 18. The configuration of metalized ground surface 16, insulating



23 PCTNS00/ 11409 1 Conponent carrier 10 reduces nechani cal and physi cal
stresses 'such as shock, 2 vibration and various thermal conditions which
filter 12 dieoler wi se be subjected 3 to and provides FFcgRi¥H/AIG 9r ound
shield for filter 12. Because carrier 10 has a greater 4 surface area then
filter 12 and a substantial portion of that surface area is covered by 5
nmetal i zed ground surface 16, carrier 10 acts as a ground shield which
absorbs and 6 dissipates el ectronagnetic interference and over voltages.
These added benefits 7 inprove the qyerall functional perfornmance and
characteristics of filter 12. 8 Figs. 4 and 5 illustrate a further

al t ernat iarristzlane Bonduictivd @aBs @3aitbvide e hecassaly tdraactd domehrieutneasi ded
carrier 40. Carrier 40 is identical to carrier 10, as showm in Fig. 10 2,
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conttoll%mwh?§ua exanple i s when parasitic capacitance val ues nust be 14

mai nt ai ned bel ow a certain level. Note that the Rﬁrticular shapes _of

i nsuldati ng bardid Ashows tha preantinventign ingts simpleglfPme £RTWARGN cAMeriRat | s
required is that the surface area 16 covered by netalized ground surface 16
be Ve i d8SHpWR AoYRied witha gifferantiat and cararpen moge fiter t30hayinadhiushale lage

doubl e-sided carrier 40. It should also be noted that the surtace 18

pat t%& n SRR elegtricalcouplingitp earries 3R- wPifierential ardspramondeede Aiteri 130 180, shown
in Fig. 4, 19 or the surface pattern shown in Fig. 5 could just as easily
be [Bed disaasedinrqasmenly onneshidi Ratert No. 5.808350HBars Ner 04(B# 1870k ont r ol
the electrical characteristics of double2l sided carrier 40, one surface
could® bearplieatioguSedalablos AR08, 716%i and 3J.%hiRatenth dloot§:818.448 s(@erigk MNo. ej t her
top or bottom could be configured as shown in Fig. 3. Altering the upper
23 243 1Q9/R86,378) inewrppratad-hereindly refauence. Hriedy, thastruetretdf diffgsentidl Agd upon t he
types of 24 surface nount conponents coupled to carrier 40 allows for
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characteristics as needed.



2 Figs. 6 through 9 illustrate further alternate enbodi nents of the single
and 3 doubl e-sided carriers shown in Figs. 2 through 5. Referring to Fig.
6, single-siissbiedragarrier 50 is simlar to carrier 10 of Rarusdoadeept that
carrier 50 includes a conductive 5 core 38 inbedded within insulator 14
which is electrically coupled to netalized ground 6 surface 16. As shown in
Figs. 6 and 7, conductive core 38 abuts and cones in contact 7 with
netal i zed ground surface 16 along the sides of carrier 50. Avia 36 is

di sposed 8 within the center of carripgr 50 which provides an additional

el ectrical connection 9 between the netalized ground surface 16 which

cover sl t hand agecdndcelectrate $88 whithtare Gepdiatdd e and eecBitallVisnlBéd fremaa snal |
aperture forned in the surface of carrier 50 which 11 passes through

i nsul & orpldrbiigrof geaureislayers c@dtanut eavht dtherardal dielactricmediuds. Thé phdicglar 12 not
shown, via 36 includes thru-hole plating which electrically connects
conduct i varchitdcturé redftefadineetbaine z2agdagitop 4nd twoNihaae-gidund-tgpaciforshenieh t he
surface configuration for carrier 14 50 which is identical to that shown in

Fig. % WprBvitiBforafiffirentid aal conagtbmodé filsrgrdrdedbchbbpiay.| i er, the surface
configuration of carrier 50 can vary. For exanple, the surface 16

confi gur ati on peedlisk Mieersi3 isad séewhat fradieVMomgbneht -cofplineht Ediflendig? ti on of
via 36 disposed 17 within its center. The benefit to enbeddi ng conductive

core 38 WrbAtigs ahysRbosupbbriaddyvHiéh ﬂh@cm ﬁ%nédn&énwtegbueag THAEhhy e core
38 to netalized ground surface 16 is that a 19 greater surface area is

provi ded J&bn@@lé@ﬁé&e@g 38/3Ad 4138 TabR habcdNdBetve MEENAD vhicH areMseHE@ g 1ce and
over voltages without an increase in the overall dinmensions of carrier 21
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errbod SGF'SE8hiR8kt or 100 18 shown in Fig. 10 is of arlght angl e
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4 explained in nore detail. Wile only one exanple is shown, both

i nsul ati ng bands 106 5 and 107 include a plurality of conductive pads 108
whi ch surroyg@eadgstures 98. 6 Conductive pads 108 are el @gi/sgoalihas coupl ed
to connector pins 102 disposed through 7 apertures 98. Insul ating bands 106
and 107 provide a non-conductive barrier between 8 the conductive pads 108
and the netalized plastic base 112. Surface nount 9 conponents, such as
differential and common node filter 104, are positioned between 10

i nsul ated bands 106 and 107 so that §irst differential conductive band 116
of filter 104 11 cones in contact with a portion of a conductive pad 108

and secoihpfdithere® by $didérd SPANWSIBLAY RiyBAMB41ES efe@tRBIlY forfeRicdthrolighh 2
portion of an opposite conductive pad 13 108. |nsul ated outer casing 122 of

filter 1QMdakiop RabA tP¥SHdLREVe SiHReCARIA | Nsul ating band 14 106 and 107 and
L .

nmetalized plastic base 112 to maintain electrical isolation of first and 15
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previ ously descri bed conponent carrjers 13 with the differential and conmon
model 5 i |3UPstrate is pagitipngdangryiromshe differantialynenaipized glecirodetabtiieode filter

12 is placed upon conductive ground surtace 402 nmaking, physical 15 contact
bet wWen leyied afshitectyres ube semmge condectiya@laciiofbhalgre @i eyRbinaion e 16

el ectrode bands 26. First and second differential conductive bands 30 and
28 akle Mmiththaceaduglive suhsiiatatare nofmally elergrically Koupled & ahenargyJeia|
conductors 404 and 406 18 di sposed through each insulation pad 408. First

di f fi8r ermatiy|i.es|grewnd daeprndin@eranitiefintended apprlicatien efthp HCGAGhal conduct or
404 are then further coupled physically and electrically to 20 each other

t hr difgh G@nween candustiverelestiodes andéordhe condurctiyve sybstrate meye ¢onngsteick i on) 21
second differential electrode band 30 and second differential signal

condfct e asireuibgeound ar seturme dingénlatedairdyndaacchalsis grounall pyeardh eyndnot her and
common ground conductive 23 el ectrode bands 26 are coupl ed physically and
el elri d&d 4 petson@f ocdinbryskil int0®. arPwolldaindetséanth thecemargy reitmopath f
differential and common node filter 12 electrically WO 00/ 65740 29
PCT/22S0outtididany desitedtreferehidefinciading an afisghreferencelinaitber h@4pasitivefdrr st
differential electrode band 28 from 2 second differential signal conductor
406 23nd negetiveldicedtiber asused foeInvetted digitbldogic 30 examples Fon simpligitycthest r uct i on
of the differential and comon node filter 12 creates a capacitive 4

el erdnt temugtomridivel be esed benéraliysbutds dotiatamddd dd bé imiad taBngpg@al conduct ors
404 and 5 406 and creates two capacitive elenents, one coupled between the
first differential 6 signal conductor 404 and the conmon conductive ground
surface 402 and the other 7 coupled between the other second differential

si gnal conductor 406 and the commobn 8 conductive ground surface 402. Wile
this arrangenent of line-to-line and line-to09 ground filtering is occurring
the first and second differential signal conductors 404 and 10 406 remain
electrically isolated fromone another. FromFig. 12B it can be seen that |
1 first and second differential electrode bands 28 and 30 are prevented

o - o, A~ o o = o -



WO 00/ 65740 30 PCTNS00/ 11409 1 plane is provided to differential and conmon
node filter 12 which further enhances the 2 desired functional

charact eri sybegiesedo di fferential and common node filter 12pcHusiogi4os

conbi nation of the differential and conmon node filter 12 with the internal
4 partial Faraday-like shields electrically connected to conductive ground
surface 402 5 cause noise and coupling currents fromdifferent el enments of
carrier energy conditioning 6 circuit assenbly 400 to be contained at their
source or to conductive ground surfage 7 402 without affecting differential
si gnal conductors 404 and 406 or other elements of 8 carrier energy
condhtimﬁnmmmﬂmgmﬁ&naas@ﬁbépo#ﬂo when differential and common npde 9
filter 12 is attached between differential signal conductors 404 and 406.

Carrizer ener gyhdrosettinbieOpaiRdof diffetetial sleseoddsy(fidd@nd edoorwbeletiisiesn Sone
cases elimnates, fornms of 11 capacitor parasitics and stray capacitance

bet wgen ma‘érﬁfﬁsmeabecatvawa men@wié@aﬁ:h&%ur%ré%d&@ll¥ chhidcescepot i al and

common node filter 12 provides these benefits due to its 13 internal,

partisql d&Rémdpshdrd ﬁatﬁnhefé srspuhheé i8l, %%tnc%na&{n%eeoﬁsha driatiRgrhalpoet f erentii al

14 el ectrodes of fferential and common node filter 12 which connect to

gr ound ]s}u? SHCIbLY Sarfd St Pﬁ%@ﬂ@@&)%ﬁpﬁﬂl&ﬁét@ﬁ@@&& tsnéémf'cantly

|ncrease en the 16 part raday- ds are ectrl cally

connggc mlreﬂu@gc%ﬂamaﬁ.hb d%'ees&aln e éﬁgﬁ@g%ipaﬁtﬁ&t eraﬁ'uﬁy \ge ground

surtace 13A - 713D show one a on of “carrier “energy
%EPSLi:%&*“?%@J'BH% tgé%ﬁfﬁ‘% Bt S R o, o 11
gl ?‘/fs 138?2 %lﬁﬁo?&@ljrgrhgl 5%;91% osf'gw@&%qf P,ﬁtb%@f}pg dFS ragagﬂﬁg&sﬁfec%duct ive surface

402. rticular application ground conductive surface 402 is
conpri se%r?1 @ﬂ%ugﬁet al base 23 of the crystal, which in tum | S connected to

ngelt Hggvgndés%:%&ngg@ré é"réegfdl aq{.?l %Egpygl\céﬁ uc‘f‘@ﬁzggﬁi and gsggl ééﬁ?lgerl
aroury dstEys 2 wﬁl%%sﬁoéb‘aaés%s%ﬁm@?ﬁ'@*@%%@%{f@%&aﬁéﬁﬁ’% ound

2823%?2{ HEn R REng 3R o Metpridigd oray WPRY RRPERMARRR . " A ound
arout SBlcRishB MR Aaris M%tr%?&?ﬁ SRS EE Conductor 7 pi n

414 II f f h 416
syst B £0plhee Ek&ﬁéﬁﬁﬁ#ﬁgiﬂ?@ it Bt nS BR80T 8k SBRENE RN 1 erent i al
and gcomon ert 12 er gs a capacitive el ement coupl ed between
the ¥ir ‘ianatf?d‘g@g@d‘r’?a" VP2 PEME 198910 si gnal conductors 404 and 406 and

i 15 ent 1 ?SE%A @gmgg@eﬁm ?ﬁ%g%%eé&@%é@?% URPRESE 12 and

the gth d_bet the oth dj fferential | duct
406 Tha M4 PRIat PRBHAYE BT DBhes Prurled 055 el HeCRUS e 8RN of

line-to-1ine and ne-to rou filterin ccyrring the first and
Soociy orRar B iegrodey Ahed agﬁmhge%r@ Shr Slochicaly cPRTReter 18 BEL i on 1 y

i sol ate from e another. From Fi 13B it can be seen that 16 first and
secoifd dPI9eEF 3‘(9 W@@F%@'ﬂé’ﬁﬂ% subsiiate. the 'afg@rﬁ%qe)&%afqar om comi ng
into 17 direct %hy5| cal contact with a,é‘gund conductive surface 402 due to
i nsuAlat | BRFOPRESNANEENEIPN of ks peBMENIROPHREive Siedtrepes fquad V%""thﬁle condu~~t or s
404 and 406 and the ground 19 conductive surface 402. 20 Figs. 13C and 13D
s hovelt héaYQVﬁ%PfQ'S‘Bﬁ‘BFWatWBﬂ" 6PuRieq ia an actiymderrh fer exemmigthe Szlicomrea 8hd its
met al  housi ng 415 whi ch provides an additional ground shield for the 22

contA?natafén. mf?ﬁ@te,da?'fquérthewengyctwsﬁabﬁtrasﬁ wilhbe: pegitipnedsuch iBatyt nrRBlYshown i n

crystal 23 conponent assenbly 416 si mul taneousl% filters and attenuates
con’n rRsMmesdn gontact with the active load thersby minimizing the distance of separation

24 orloop area. This close positioning relationship of the active load, the conductive



WO 0/ 65740 32 PCT/US00/ 11409 1 differential node el ectrical noise
attributed to such circuitry including such noise found 2 between
differenti cﬁkﬁgﬁfical line conductors 404 and 406. Crystgl qaent 3
assenbly 416 can al so substantially reduce and in sone cases elimnate or
prevent 4 differential current flow nutual inductive coupling such as
cross talk and ground 5 bounce between either differential electrical |ine
conductor 404 and 406 and the 6 conmon vol tage reference | ocated on ground
conductive surface 402. The carrier:ﬁ energy conditioning circuit assenbly
400 al so simul taneously provides nutual 8 cancellation of opposing magnetic
fields aghgd t I S| ; WS i ehefkrical line
conductors ﬁ%ﬁggﬁg tﬁ%gd%reﬁf% h?é@%’%%@@??ﬁg?ﬁ%ﬁ%@y%ﬁgf t élbonléng circuit 10
assenpl y I i r ; r nd
ot or pa CHR I s RIBRES oy Rt ard SUoBHAR Lo RANIC RS Pnd
opposi ng ctr A ) ' ' f r..12 to
St o Forgacyerds Br SiephfER Blo Rlact A SRR boBER e did e

substant i rove overa er en si gnal

SISQ?‘#%EC’E Fﬁ%fﬁ%%@éﬁ?e'ér?@é eﬁa'é**‘c%ﬁ%é%%%%%S%?%%ﬁti&%”f'%i%; | - cssent | al |
CEFSIRnCE pOrERe TpBr T ¢ essent
G 11 0f enpPAPRaIT ok HakE3 B ECE ooaR st HihuRSs I consitnit hor ci

W th capacitive el ement coupled 17 between the first and, second

i 11.¢b enanaler Srdiieling SR e (e HoRuRAR ASiTs PRFIPHe i NS ARt PETEY ol ement s,
one cguplq@ betmee@ the first differential signal conductor 404 and 19
groun c BRGYEY? JEP@0PE-ace 402 and the ot her coupl ed between the ot her

secongd 20 dif erenth I signal cqgguctor 406 nd\%%éu%d ondﬁﬁt've surface
402 while mai MT&PHR éaﬁ“ PRIEPT PIEHF CPEHICR FREFUBIR RBFHQIFE Wit ®and second
differential signal conductors 404 and 22 406; .at | east . epergi zed

di ffef en[ﬁyaTede‘"frgE'ﬁqnﬂ'ﬁla” ithe exteral¢ fesate W“S"Wﬁ@é?v'%b&@eel ectrical
coupling of common ground conductive el ectrode bands 26 of differential and
VO 069 657MAUSHVEBLnGHSET 2182 duncliops IhEANCRLRNS/PY SuppreseUMRNRbRAA@sEShduct i ve
surface 402. The various elenents |listed 2 that nmake up carrier energy
condill i ot §lesirpmgopeticsamissiods.4§och pwissigns @b iadiatedfiom or R recaividdyt 410,
conductive epoxy 417 or other neans well known in the art. 4 The carrier
ener &y cBPEPDS sherermal diffarantialensngy pathways as eeergymerPagatns alereie al 5 and
common node filter, of the type shown above or of variations incorporated
by 613 ef extemnabenergy pativays taay aghys loedt iPortiansralthmenesay s3diatag fropeiberf i c

el enents that can be 7 assenbled on, into or within an energi zed,

el ect4i cextetial epergy Ppthways thatds tapped withintthe beurgiagy foreed byitag layaeedc onmon
mode filter to the existing circuit creates a unique electrical 9 circuit
syst éfn Juebitegterer andothe larigeceandustiva aneniof thauennegctiveesutistrate willttieal and conmon
node 10 filter can be |l ocated on or in, but not limted to) a carrier, an

i nt edposeaturngd peits seurce. Somecwtarof aap undesgitableaerergw (signals, awise, and/oor a
silicon die. The electrical circuit system 12 conprises an energy source or
| oadl2netrgnsients} ¢onditipned anidfor dacouriedby ther EGOAavill be shatainedor oppositel y
phased or charged |ine conductor elenents to receive 14 conditioning. These
can tbnssuppressesianglar hypasseddd ties eommos, cosduttivasiediwdes of tHeilayared t o, 15
traces, vias, wires, conductors, or any other elenent that can be

el eci19i caichifeatrararelthe 14rgéheoridociive area pravidedsbys thef comddctiviessubatratal and
common node filter and decoupler 17 connected internally within an

i nt e@0 at €kle Gregaing functional eestriptibhlof dre BOGAEpplies jendrellyl® alldfdige at ed circuit
power bus. The invention functions wi thout debilitating ground 19 return
EM 2r pembsditrients ofehe invientiorhsetiorttiin horeiriaficheEdch subysequently desdribedmon node
20 filter and decoupl er, which would otherw se affect the integrated
circedt . al@rhativeZimbelimehiig ¢s balirdefpreted én kdht ot that foreyoifg dasctiptdns. ext er nal
and/ or internal decoupler 22 capacitors that have been needed in the past.
The p3ior ar tFigas s filtsrd 20sssitioplet LpoR Ihe &paslirtaee of katrier d0 softhattesi de and
inside of the integrated circuit package or WO 00/ 6S740 34 1 substrate.
PCT/ £4500¢0kArB8 ground conductive bands 26 come in contact with the portion of the metalized



2 The present invention consisting of the differential and common node
filter 3 and decoupler internally connected to the power bus lines of an

i ntegrated @gdusised nmakes up a single unit that handl es agdhgboagedi tions
all energy sources required by 5 the | oad demands of an integrated circuit
t hrough a single point of conditioning. The 6 invention also provides a
reference ground for all power and return lines, traces or 7 conductors
entering and leaving the integrated circuit package or substrate. 8 In
enbodi nents of the present inventiomgshown in Figs. 14-20, various 9
differential and common node filters are used in conmbination with a carrier
subst nat gréuhdafurfabe 16 waficH.satshrates Bothi dTtiegindtlating basds 22 poanlongaandtied, as) but
not limted to, a digital 11 signal processor or mcroprocessor) to forma

carrier enqs @yaceomgiisheanyibstiohipy idiffetehtidPsfiddimon todelitet T2lefghilidd er i s
typically nmade of a conventional material such as, 13 but not limted to,

gl ass3 CYehBeh the BRE c8hdUdNes PRI 28 Liich thal fitfWifféRAYaTIéMdak baRE 28iigln 14 used
in the electronics industry. The carrier rmay have one or nore |ayers in

whi chsa benietRith S of the hWb BbRbUve ?ﬁdl‘]b@aﬂd SR RIiffRENtRN BleEPddd ued. The
ground plane is 16 typically nmade of conventional trace material such as)

but  ngt '35)”%{&95 frP cort@byitl WP I?er%nﬁ@&%%éd’ 04! apRES Mile0R2 AR Bisbn St C.

The groun ane may either be ? oating or 18 electrically connected to the

syst e@ giadREned RSFraue! iRSedLufter Jé&ﬁwgcg??f bt 99 Mnd NithBortidnecsed

architecture and carrier can dissipate and/or accept énergy in a bal anced

20 TRANClnd AL B! 98 Yhbroby SRLIMMNAT et BRI EBKSRIRL (B fseoCr VOI 1

t hrough nul ti 1 conductive pa en the erential and comon

mode ki | tcsgd%ig?%hﬁ%lé&ro%@ band§ b gl'ié“ral'z. Cﬁ%@%ﬁé%\é@or‘?& ﬁiﬁgﬁ{ntigl; ecgcti\iehe

external con Ive area Or ground areas are exte trvely

niel g ' ' ' ] 65740

36 Poinadais 2B 30,08 Rahridn SRR Aindibife bAftE 28T of b0 OO 1)
h d ] ' .2 5j | i e, : i cai pat

c o 16° C1erifaddiE G IR il SHAQHR) Aol debies Sbnkd Al 1215 Bobilghed dRiPe! ®

ext erlrﬂal Hi_H W stBhé‘é}‘é 'soI-BQ?re%\]:vfn%tﬁmsi a% e%%ygg mﬁnﬂg%older terminations

12 to reflow thereby electrically coupling and physically bonding filter 12 to carrier 10.
13 Customary solder reflow methods which can be used include infrared radiation (IR),
14  vapor phase and hot air ovens or any other means which can be used to expose the
15 solder to sufficiently elevated temperatures. Once differential and common mode
16 surface mount filter 12 is coupled to carrier 10, the combination of the two parts can be
17 manipulated, either manually or through various types of automated equipment, without
18  subjecting filter 12 to mechanical and physical stresses normally associated with the
19  handling of miniature and delicate electronic components.

20 Once coupled to carrier 10, filter 12 is electrically connected to external circuitry
21 through conductors 34 which may consist of wire leads or iengths of flexible wire. Once
22 disposed through apertures 18, conductors 34 are soldered to conductive pads 24 and
23 within apertures 18. Thru-hole plating 20 allows solder applied to conductive pads 24

24  and conductors 34 to flow into apertures 18 thereby adhering to the thru-hole plating.



4 filter can be attached to the carrier on top, on bottom or inbedded
within the carrier as 5 discussed below. 6 Referring nowto Fig. 14A a top
view of an jntegrated circuit 220 is shown. The 7 center i,nt egrat ed
circuit packvé)g“@%ﬁl’% is typically covered with a glob seal ?ﬁ%3361’§4§
substrate cover as is commonly used in the electronics industry, to
electrically insulate 9 and protect the integrated circuit conponents. This
top cover has been renpved to 10 reveal the interior of integrated circuit
package 220, which conprises a novel, substrate 11 carrier 180 attached to a
silicon die (not shown) of the intedrated circuit that is nounted 12 in a

| ead fra per ) return
bus 13 t i@%’ﬁ%ﬁ‘ﬁéﬁ"&% %@éﬁ?h&&#gg'fgggg Ipng%{y?é{c%}e%slégn%g&s ijaﬁéﬁhg%'(’ayer to
a top,sur

o287 43R i S i TSl i
L Ci . 182 18 | |

T AP B P e Sl b OSSR,
182 184 i g ) i

 20C8 4Rl e e SRS oP AT APOEh 8 e S L

that concentric bus traces T9 havi 45 degree traces resuylt in a reduction
of oS se MetAIRetl araig Stacs: G saiss A2 65 iR SHERLARED SbanBsrd o
traces having 90 degree trace turns, such as in a square 2 r. rectangul ar
conf i §ur F‘F@%?esl elegtrRmagnatic jateHereNCce AN AYS| @'@Bﬁ%uﬁg&eSBra‘é’leﬂi ttﬁ’\egéﬁ bus 22
traces will result in a greater reduction of noise re{éect%ons and ground
bouncé t HBRFO¥E thesasslt funetiqnak pedommanch gndsharrpenisties afiltef déns.  wo

00/ 65740 PCTNS00/ 11409 36 1 Still referring to Fig. ,14A, a plurality of

| oads8188 ar eFig8rthard §dl|”§33fleraa@§§e’1§£erﬁat§rﬁﬂ‘%ﬂ“ﬁ§ qgﬂ?ﬁjp’\ﬁ??&é”‘@'@?“j unper

wi res, or other conventional interconnects used in 3 the electronics

i ndus? r ythatheing daublaisided vagiar 4g Casrien40 ix identical tagrstier 1 ag saewmindigg 4
reduce stray inpedance. lLoads 188 are representative of internal |oads of

t he 10i n2egjffcaptihateartern 40 isHoublaesidasiand asa batory skifegaswhigh i subsantialy devi ces
supported by the 6 integrated circuit. Loads 188 are typically connected by
bond 1 r isientica te dhe tepdsurfars) Thisuspafigusatioroalinivg o gifferantiaband commeon
integrated circuit 220. The | oads 188 are synbols 8 which are shown on the
top $2rf medestrfageempentdilterszia andr12bderha masmteditn tee HRRETIaBHA dewergutaeasnd pl ane
186 conprises three regions; a ground trace 222 that is concentric 10 with
and i1 bef carder 4lisAs illustratedd Figad, r@tplizad gnungrsugiacari§ covees supstantiak
surrounds 11 the outernost bus trace 184, and an inner ground area 226 that
i s si4ropedieds bf/thettep.isidésand beoitam bfisamiend@ pid/idingaaneriet evarall sorfacgepar at es
and provi des sone inductive 13 cancellation, cross tal k suppression, and
linelfo hiese Thelncréasedofurface drea of metalized groundl sufaces46 imparte gratlen i ve
surfaces of the bus traces 182, 184 are electrically separated from 15
grounél phkiakingBénaractepsticsainecmriem4d whictuebsare arfd disbipateatlectramagreticl 80,

whi ch are 16 generally concentric with the bus traces 182, 184. 17 To all ow
for lhseintertemrende. dndidtiitiencipdth dihe tmpdanddrotiom ofockerién 4 ieclu@@ Gorrespoinding bus 18
traces 182 and 184 have a predeterm ned space of physical separation

bet wegn téreductividpadsc24i witiety amd slectddally conngtatkiagmei amothes by tierd-helegdiatirigat

mul tiple power entry points are 20 reduced to one pair of power entry pins
82 amgl 830 whichicoverss themmrerwelistobapéreures 48es 21 182, 184 by bond wires 190
or other conventional interconnects. Differential and 22 common node filter
200 pe | ocat edouble-dicet esteti@r 40 ne disposdantayedss Ghahet #sallpwssiobiflexibitity23 power
entry pins 82 and 83 which al so corresponds to the predeterm ned space of

WO 001 65rdélied o iebhieRitrdiraghetl inleyferenat (EMPaindtsuage pretestion réquirements82 and
184. The single power entry portal 2 represented by pins 82 and 83 and the

pr oxpzm t ¥inRitakdtRisly thicagh #i6gratiort HAiRMERsuFES sholnpeurhmdnentbrcibs sah@ noi se
that can enter or exit the integrated circuit and interfere with 4

Ci rcps t r yarhert substrae! I arPéxal6 daiffefetiditmd ddhmaomirede diterc as pravistisgge. S
G ound areas 222, 224, and 226 are interconnected by a single point ground

6 arep 2déscribee, cduld bé4Bupledl tohthk Iop @F 3hATer di0r WEitd ¥ NMEVeddvicd bsuld be
differential and common 7 node filter 200. The ground | ayer 186 of the
carrier substrate 180 in conbination with 8 the positioning of the filter
200 in proximty to the power entry pins 82) 83 results in 9 isolation of
noi se generated by the integrated circuit package 220 fromthe external 10
circuitry such as, but not limted to, a printed circuit board. 11
Differential and common node filter 200 conprises first differential

el ectrode 12 bands 202, second differential electrode bands 206, and conmon
ground conductive 13 bands 204, all separated from each other by insul ated

. NN N —— " 1 £ NN A A - o A NN o



WO 00/ 65740 PCT/ US00/ 11409 38 1 Referring nowto Fig. 15, generally the
sanme top view of an integrated circuit 220 2 is shown, except that the

ori entati onwefoofskiab er 200 is rotated 90 degrees. This rot @crasodise®qui r es
m nor nodifications related to the nounting of the filter 200, and the

| ocation 4 of differential electrode bands 202 and 206. The differenti al

el ectrode bands 202 and 5 206 are now on the sane |ongitudinal side of the
filter 200, respectively, instead of 6 opposite sides as shown in Fig. 14A
The common ground conductive bands 204 are 7 attached to a single point
ground area (not shown) underneath the filter 200 which 8 connects the
ground arceapledash, the boftoamaf @tert4d éffeatively plavihgotharfited 86d MO devices ir 9
manner as described for the previous enbodi nent. 10 Al t hough not shown or
depi ced panallel ¢s .prdvide &M artd sutgel protedtied ihhmate cempacty dufeble patk#@0 shoul d
be at least the size of the integrated circuit 220 it is covering so as not
t o 12 3al |Beyagse ekimier 40 qirdvdés aaigitp basd farkmaintdidieg Vadads elgcirorgsurfader ence
created by the 13 energi zed energy conditioning circuit assenbly. 14 The

power sbusnduii coimpbhiénis [tHs cé&?oﬁélﬂs el el 226 ubjSéte 6 &nieBs phydieddedss n 15
the carrier substrate on difrerent |levels. Referring nowto Fig. 16A, a top

pl an i eyudihg 1 hadufaRturing’ pfadesséat RhidR0id Juehaketedss nel@s PANET loes t r ace
182 and a return bus trace |7 184 attached to a top surface thereof. A

ground plmdrufddiringcostd.ached to a bottom 18 surface of the carrier 280 as
shown in a front cross-sectional viewin Fig. 16B and side 19

crossgsecti onglg, vs &iolisda AREified EoAfigatdtion 6f mMelaBedlgbunticsedabeeqsed to
traces 182 and 20 184 by bond wires 190, or other conventi onal

I nt er QONRBAHSCtVE Padd D4 bMiﬁP@ﬁﬁd BAREE22 inith§ Hidrhitive EMSbddinest, hSGaf

internal mcroprocessor andlor Tntegrated circuit |oads 22 represengfi ng the

variogs fyangs hQ'ﬁ%v@BQerﬁj%s@é?ﬁiaWBQFélralEgﬂl stth &maﬁhgistaﬁgw Sreasteamidby 23

integrated circuits, and are typically connecte ereto by bond wres
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cance?latlon 0 uct ance etot opposite curre rough the
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differential el ectyode bands 202 and 206 can be 23 acconplished using
| nduZer y 288 SN Sireee Petteme ol ouble-sided Camer f§<leping Upon the types of

24  surface mount components coupled to carrier 40 allows for obtaining optimal electrical




WO 00/ 65740 40 1 previously discussed above. PCLYUSO00/ 11409 2 In anot her
enbodi nent of the invention shown in Fig. 16D) carrier 280 also 3 includes

an insul ati 194 attached underneath ground pl ane ation 4
| ayer 194 c‘gﬁob{gﬁﬁgde of any predeterm ned insulating nat %??’gfqoﬂ?ub%h as

that of the 5 carrier 280, or of a non-conductive epoxy. The insulation

| ayer 194 prevents electrical 6 connection to the silicon die when the
carrier 280 is assenbled onto other conponents 7 within an integrated
circuit package (not shown). 8 In angiher enbodi nent of the invention, bus
traces 182 and 184 are on different | ayers of the substrate carrier 380.

Referrin El a top plan view of carrier 10 substrate 380 is
shomlhagpﬁgwb%fmggg %sug&%#adée 182 attached to a top surtace thereof. 11 A

(eLur g bus U BRS, AN eI MRS RNE ptbh o bRGaRRAL F piBnpenk 300, o
bl ow't naCUBEoEY Ebts et BEFERT 5oudl S REEEIES Bl B P S e
0 LS R Bl e 0 B B o
Lo, 150, B3R Bl A SRR AR SR A AT cco
192 0 USRSl S RO SR A oot B A0 oo i

i Tand0anetalEed Biaunn 3ERe 16 ARRBADS PR APGEEHC: ARG 1t FBRRE i ch

P L ST o AT Pl SRR Qi 2 o
manner as described in relation to Fig. 16R except that the secqnd WO

001 65740 betwesnrisometalized ofound: swfacs: ?%M'@%E@%géh%é%g} 5861e5°0 hnect ed

to return bus 184 by vias 196. Al though 2 not shown, the vias 196 are
of f se0 f CORduGHKe careid8n \Ha 36 isa smalhaperiuze formed ip thesugaes picarmier SO which

11  passes through insulator 14 and comes in contact with conductive core 38. Although
12 not shown, via 36 includes thru-hole plating which electrically connects conductive core
13 38 and metalized ground surface 16. Fig. 7 shows the surface configuration for carrier
14 50 which is identical to that shown in Fig. 5 with the addition of via 36. As described
15 earlier, the surface configuration of carrier 50 can vary. For example, the surface
16 configuration could be similar to that shown in Fig. 3 with the addition of via 36 disposed
17  within its center. The benefit to embedding conductive core 38 within insulator 14 and
18 electrically connecting conductive core 38 to metalized ground surface 16 is that a
19 greater surface area is provided for absorbing and dissipating electromagnetic
20 interference and over voltages without an increase in the overall dimensions of carrier
21 50.

22 Figs. 8 and 9 disclose a further alternate embodiment of the present invention
23 in double- sided carrier 60. Carrier 60 is identical to carrier 50, shown in Figs. 6 and 7,

24 except that it is double-sided as the embodiment shown in Fig. 4 with the addition of via



3 connected to return bus 184 by el ectrical extension connectors (not
shown) positioned 4 between the return bus 184 and via 196. The of f set

all ows the 82 and 184 to 5 directly lie over top er on
di fferent IB@@?@a%ﬁ%hout having the via 196 of the 6 retu?ﬁcﬁﬁgﬂqgﬁ com ng
straight up through the carrier 380 and into the power bus 182. 7
Additionally, power entry pin 82 is also electrically connected to return
bus 184 through 8 a bond wire 190 connected to a via 196 that extends down

through the carrier to return 9 bus 184. 10 Referring nowto Figs. 17B and
17C, insulation layer 194 is attached®n the 11 bottom surface of carrier

380 to, prgyvent electrical, connection to.iLh il icon die wh the 12 carrier
380 1 o ho 20 APased MU iner SRS o Baie” 6 Pl BPwelsg M B4 Frelfe

package 13 (not, shown). Fig. 17D sho a cross-sectiqnal_viewsimlar to
o, 5e yiAcea S 8ong i Balorm st caiprie, B Ordicpare A (Te etpdiie
carrier 380.. 15 In a further enbodi nent shown,i ig.. 18) filter 20Q is
obeddbd BFVEES 2RI B 4 aeRed SufacarTBatd Both sitece Boukaforenta and
second differenti al eleﬁtrode bands 202 17 and 206 of filter gog ang
connect e cHBMAN TBRLe HiteF comPENERissh2a) afrut2h epuplad:torthp tap Apd PEMtaE ol ¢ he
carrier 480) and return bus 184 on a fourth |ayer, respectively, by vias
196 19° exteiRiesidedsPBIRG®0car ri er 480. Common ground conductive band 204 of
filter 200 is 20 connected to the ground plane | ayer 186 by vias_192. Loads
188) aft hough mﬁdg'ﬁm,e@%@wﬁhe@mﬁm #ventioth speresas carger A00.HEnd
wires 190 in the same manner as in 22 previous enbodinments. In this

enbodi frentiustiated i Githd Opl Enthisi gmbpdimasnt tbe surface POURHRRMPANRM G5 i$82 and
the return bus trace 184, Vias 196 fromthe filter 200 and the WO

00l 65730 direqtizinqeuoratadgihin anireroniggonnaatore oanerternragifgH 09 ieeareprisedi n t he
ground plane 186 to electrically connect 2 to the return bus trace 184. The
vias 196 afe matalizedipiagtic\pasasliRiaving 2 piuralife of eeertires 98| disroseddhieygh

i nsul ating band 208 surrounding the interior surface of the apertures of 4
t he gi®unblags btk eaglk of @high neceivdsar earinestos binal 02e Althpugh spt sk goaions he
ground plane 5 186 between the power bus 182 and the return bus 184 results
i n i mpt ovetieachs appnestyipim 162 exterxds thedughabaseot 1R ang aud oif the fiont dd0of As in
previ ous enbodi nents, bus 7 traces 182 and 184 are on different |ayers and
ar e al2 gneeshrgictog catrigr H0&r Theportibneafting 102 exiending fromthel Foehhhefearrer
cancel l ati on of inductance due to the opposite current flow 9 through the
bus t iaice$Oformia meale doheectanehish issthesiapen, rrpeivédbyaliemale cohredldfdssisent i al
and common node filter has been presented in nmany variations 11 both above
and i b4 cokmpvri ip thaarkd Thesame sorfiguratian entld dspinpleatentadsyn a female gennecto?

i ncorporated herein by reference. A further enbodi nent of the present

i nvent$ onwbichltheesedeives male pinsonCadplédéo botht edggs efvcannsictordiastiars 530y .
Shielded tw sted pair feed through 14 differential and common node filter
300 i $6 shaltrough oRlygneldige isTsteowd, i rmoentig base vidé which dlévates badeet12Zfdmand
earlier presented filters is the location of first differential electrode
16 babtls 3G2Aace3itB asrachringerbeituilibbémel. el particula embodindrd oflsorB@6tar 10088,
which are 17 | ocated diagonally fromeach other, respectively. Comon

gr ountis cosisbwart inviRig bthidsof BSrighiengleccandpetoairewhith dime fips st piasd 08 evauidibe
differential electrode bands 302 and 306 by 19 insulating naterial 308 as

i Nt heo primgemedswithih tapertersasl arprintett cifdbit®odrtl Pins 302 dvauid theheedsoldereéir ough
differential and common node filter 300 conprises a mninumof a first and

21 seg@ndtodinkfindieidualeapertuesd bpgaddimite pirediifcdtl boarticansrolideadisctricnd a
m ni mum of three 22 comon ground conductive plates 314 as shown in Fig.

19B. The gdrietonBetwesd fins a0g add ad} Gircliiey 6 aHekRimtat¢lrcLit BobRL €T provige each
other by material 308 as in the previous filter WO 001 65740 43 1

enbodparenfos the¥elipling>004 pib e & ditdrentidl BEd ReMimion mbdsfiltekd €0a e twWedR, thwhi ch

show schematic representations of 3 shielded twi sted pair feed through

di f f epeEnt vatoud nébnhestlP Hinkde2f td %summ?amagome tand 167 e provided itei nat e
differential noise. Current | is shown Tlow ng in opposing directions 5
through félestricapdsdige @ach af fheeorRétal piRb 802 froMeahs alalizéd Pfastio dasd 62

Crossi ng over



6 each other, and flowi ng out through first and second differenti al

el ectrode bands 302B 7 and 306A. The crossover point of the current | acts
as a line t\golo'{),gﬁ“papaci tor while the 8 common conducti vepgiRuitiisbat e 314
provides line to ground capacitors on either side 9 of the crossover point.
10 In Fig. 19D, the filter 300 is depicted as coplanar plates 312, 314, and
316, with 11 el ectrode plates 312, 316, each sandw ched by common ground
conductive plates 314 12 in a Faraday cage configuration. The current | is
shown flowi ng in opposite directions,;13 through the differential electrode
pl ates. Note that the common ground conductive 14 plates 314 are

electyic i r : L i fi@pent i al

el ectfr od\gbkﬁgo gé'%hégggﬂégg%%“s%wg%gwél&neaérls?to féé‘sa'emr?tt'):o icﬁgdné;rggg'r evi ously

i ncorpor at ed e j: I Fj and 19F)
whi ch‘?s how sclﬁ%frergrﬁggﬁﬁg'r é&ép\?i%llﬁgégsh b eghi%%@%\t%vé@tseﬁ)g?éq 7e'ed
throudh MeldiShetiddic Ak 395MRA BRdRntint LAY cdiftndindiVrkdr 184 i 42°

el i node noi se. rren I S shown oW ng

to
m hat € commD In the sang 20

direcfio . i . . on i ent | | aci 2A and
306A,* 21 508 Meridetan, SAug 7 SRa ShamBlsl b R e B R s 2cona
differential .el.ectrode 22 .bands 302B and. 3 . e 0SS i of the
current ?"‘géPz laéiu%e Fi 'Ha'%!'@ W?‘P@%E&%B%%ﬁ 19 @ngl% aﬂt’r%@cg%ﬁé%lﬁg%%hduct ive
ground pl.at 14 proyides |ine t ro WO 00/ 6S740. 44 1 capacitors on
o thef SPRRgie pBe b B et uplestoatrectonng 10 depgectBRSiahy
filter 300 |s again depicted as co r plates 312 14, and . 316) 3 with
el ect  odePetiet 88 3/nstiatng batse el Y ivelios s RonbHugh e aieE setaen ve
plates 4,314 i Far aday.cage configuratign.. The current, 1 _is sho

Pl ows g 1o conslclvs Hst57 Y el A8, e st HBBsicr Pav el SHTEEE, UMD at es.
Note that the como roynd 6 conductive pl.ates 4 are electrically
interéonﬁ%?@?ﬁ”%ét‘& g%GF{éfeé'aa'fWrﬁW@mﬂ eﬂ@wﬂ ) arp ReSIOned peveRn” has
been disclosed in filter enbodi nents dpr evi QUS|X i ncor porgt gd g 8 reference
her el®. 9siaiecthands 196ando! 07 spsthablisat diergntial ggngurtivebapd JHp of Ror 104 st ed
pair feed through 10 differential and conmon node filter 300 .is shown
embedbedCMesiih captach with ra Pedios; efcaicondyctiygchach d08 and secpndogifferentitls a t ap
plan view of an int e?rat ed circuit package 320 with 12 a top insul ating

| ayel2 32¢0ndustivaBand, 1@ games jinapntagiwith @ podionof aeprasits condudtiveRade 13 326
servi Ci ng internal |oads 188 through bond wires 190 which are connected to
| ead$3 | 4708 oingylated Putrriegsing d 23 of filtas (184 stightly puerlapsaptaeaeh ipsyleling baidckage
320. The bus traces 15 324, 326 are shown as concentric squares which
providle 40&and 07 and metaized plaste hase 11Stoomaintain elestrisaljsalatien efifirstand f | ow
through the bus traces. Note that the traces 324, 326 17 are connected to
vi as 14 96segongdifferential condudtive bande diGand 148 mpdirnetalized plastionkanset12 ¢fat t he
18 connecting via 196 to each respective trace 324, 326 are positioned

di agbhal ¢gnnectamcagies 460. @edcausd metalized lastiohase 132 ingsdeetweandnsdatingi r f eed
through differential and comon 20 node filter 300. 21 Turning now to Fig.
20B, 14 charnds-196@nddfd| cammon greund condustiviebiandsi 120 filberi 104foon in 2ontactough
differential and common node filter 300 enbedded within the integrated
circi8t Wih 30@ raetdlizess ptastio dasent 1§ o sddesciibed 3g8lier, eacbeefotg vanasis and

connected to the bus WO 001 65740 45
19 conductive bands of filter 104 are comprised of solder terminations which, when

20 subjected to known soider reflow methods, physically and electrically couple to any
21 metallic surfaces which they come in contact thereby permanently coupling the surface
22 mount components, i.e. filter 104, to connector carrier 100. As in the previous
23  embodiments, connector carrier 100 allows miniature, fragile surface mount

24 components to be used without subjecting those components to increased physical



PCT/USOOI | 1409 1 traces by vial 196 which extend vertically down fromthe
bus trace level, through 2 ground plane 328 to the bottom surtace of the

i ntegrated g dousiso320. At the ground 3 plane 328 | evel, thgr/wSHEAR40DO6 ar e
electrically insulated fromthe ground plane by 4 insulation 330 as best
shown in Fig. 20C. As with the previous enbodi nents, the 5 integrated
circuit package is designed such that nultiple power entry points are
reduced 6 to one pair of power entry pins (not shown). The shiel ded tw sted
pair feed through 7 differential ancdgcomon node filter 300 is |located in a
predeterm ned position as close 8 as possible to the power entry pins which
al so tor steegzonhish icanicagsg damhaye tortieecornparemts] loberryyprodattiseyieldatandn

bet ween traces 324 and 326, which in this exanple is shown at 10 the center
of thg i mepsHsaigesVerall sratictidaCostl tistaited plasdtie bk 111RmElseprovides apangki cul ar

| ocation. 11 The single power entry portal and the proximty of shielded

twi sted pahducties Sufdbeoatal cdRnslitéd & BBigralnPRfmpalioRofee 104 imeroviag0 to the
power entry portal reduces the amount 13 of noise that can enter or exit

the i pt egHeapRANAIShRW lise328 286D dhdRlidsiidte Wetllorhignetiefrenératicd Andbveérui LTy,
both internal or external ta the integrated circuit package. 15 The ground
pl anesi sygiffasshown with vias 332 extending downward fromthe 16 ground

pl ane 328 to the bottom surface of the integrated circuit 320. The vias 332

17 engbl e t heaghestiBed hardn WA réItidiPtoCERRS i ditereAtiAIfindRonshaN AfbdeN Ot
shown) if needed 18 for a particular application. Vias 196 and vias 332 are

connegt egudiVeaiidr @nitRBfFers, 1 Bﬁrﬁa@%{aﬁgﬁféﬁ%%ﬁrﬁé abakieha %?ﬁﬁél%tr@ﬁ&th shown)

to their respective external conn Anot her related enbodi nent is

showngi ny fﬁtrepéér'riérgcr%f. A8éta t}ﬁlé%\%eir%ht@]&]d gd'mmé{?gnso%%zﬂg%}srhr@tﬁé‘ﬁ{c%%dbet veen

thi s enbodi nent an e enbodi nen own I n : -20C 22 1 s that

S o1 20 st A0 iU 5 LABHER'cAb. ARG ERAGERETte bl o 200

is 23 at the rat circult package 320 unted on a

pringgd gdfh@ﬂif?]erent\épaﬂglcgﬁ ,ﬂgdgﬁgérg_som 11409 1 board 334. Substrate

cover 330 I's shown displaced fromthe integrated circuit 320 to 2 reveal

3 sub oo 1 R AR &??%??%ﬂéfé’?ﬁ ieﬂél | ;c%‘eéﬁﬁ@"e{ﬂ%ﬁ‘é%%%t*ﬂ@isﬁaﬁéf’gﬁgl
on DNt G BLIRH forl 9 LB Roldl U Balibudy e 348 BoBlR cppgyent | ona

i nterconnect’s and Vi as u rin clrcul oard 334.
Co i f iel M ir feed
Chr odgn” wiRs GRBRNTL ks QRNEn el 2 Sndbin BVE 24 dtrBh ! 4R, una

b te | 3 I th ti | ) .
Sa 185 SoneBmate 8 1 § diferidioaf BEPuciE R 3 BasdTE0s RiotPoidiartdios °s

hi el. ded i st ir f .th h diff tial d j |t 300
by vide. poleg) BEBEh conidclye WaHA sDireS 4R AT PinoR o0 a0 utlyRy ! he
diff t] | ect 11 attachpent | ectrical i | ated f
ot oo o BahE 2. B3R gd A REARBANaRERAShRR SR b 800 L2

t d d fr, i 196 d. . ted t 1 i hal t
bort47 ( RBESE ann RSUsHAT pad 408 il iEer sEtek Sorlukthst WSnd B Shoul o

I vid th i t diff tial de filt 15
conp b cadiEhoRatnialgh,55h PeHel Pac 4 s Blre e e ot St s U fnent s
f i 6, pri t id t effective nethod of
Lol CYAT L AR AR R ol e IR AR
s o Sen o vl e aBane i Sk et 3o e 4900 WBRGR0S |
As can be seen, many different applications of the differ ntia‘l and commpn
21 ke Pe9NGEaelal elepynde band Whand sacond differerviPLaioRal coRda “06BPur oo
universal to all the 22 enbodi nents nust be noted. First, the materi al
havi Ag pFeRied PRYSieay andcglectecally A9 qnecpnathersand,g9mpensHRURE COndufi¥@r in any
of the enbodiments including but not limted WD 00/6S?40 47

23 electrode bands 26 are coupled physically and electrically to ground area 402.

24 The internal construction of differential and common mode filter 12 electrically



PCTNS00111409 1 to dielectric material, netal oxide varistor material,
ferrite material and other nore exotic 2 substances such as Mylar filmor
sintered polyygoxshe! | ine. No matter which material is 3 usegusbirfdos

conbi nati on of common ground pl ates and el ectrode plates creates a
plurality 4 of capacitors to forma line-to-line differential coupling
capacitor between and two |ines to-ground decoupling capacitors froma pair
of electrical conductors. The material 6 having electrical properties wll
vary the capacitance values and/or aghd additional 7 features such as
over-vol tage and surge protection or increased inductance, resistance, 8 or
a conbi nigolates diffedritial signallvonductSr 8o4 andi first differéntiahbledirodebandBgtfiear shown
or not, the nunber of plates, both 10 commbn conductive and el ectrode, can
be mubti ke differentRibignal conE&Er 406 Arpstebhd ditfedshtial eleatrude band 361 Thd el

whi ch thereby add to create increased capacitance values. 12 Third,

addi t Bongtemaneam3tractRA ettt ehtidanal cabrfRorbmbt e fikéH 10crbBes aytphdifd on 13
of a center conductive plate and a plurality of conductive el ectrodes may

be emal oxendrt chlplBd BéiwkbrtieifiddrpRSREChE AReRIHtaDSigNEIConBdctBy 40% and |
di ssi pati ot~~ area and a Far.aday 15 cage-like structure in all enbodi nents.

Addi t i50nale GHATRBatds WD Eap AN BleWfanbd, @inBScolipicadbetiBer i Adsedifferdritiapny oOf
t he enmbodi nents shown and is fully contenplated by 17 Applicant. 18 Fourth,

the dif f iRl écdupde 402 HRARKERIMN{dH dttduslivel§rblh sDAscd 562 aRd kid othep 19
bal ance its own electrical characteristics and to effect a cancell ati on of

I nt er pal cé@p%&%&&&!ﬁ%e%;Hdris'él:'%ﬁjﬂ%irf@rénhél%i di U6A&Ucfort4D6SarR P8 @BHInKh

per f or man I sruption of the ectrical circuit systemline conductors.

22 Fi gt hcoé@%tiﬁ?@?@ﬁﬁ Et{xﬁ'aééudi‘evﬂ'.\il'ceftﬁrse%%ﬁen?&@ of FRERAIAR Had iinkitgr al | ows

i nsertion electrical systens mate wth main electrical

Lot YA Pyl 8 P QA SETLL SO Rk L
| nt engosqphg 1rer%aﬁgé?n€<fi§éa§|§/ rirgc[ﬁe’tgg'tf@ﬁf‘&ﬁe QhotRBY PhiPEQS Y58 § GH Bd Q@%n tﬁ%éts.t ens

that "are subsequ ) arger or ‘nore Sigbhl sticated electrical
Chro D LRI SercheF b BRSO E RN AL od U SMBHONRoRAMITRRL o 1
app it SURCH AR et i cPARIRFe Bro-akistlate A2 HhE D PoviBRdpadfyse,
gzed Ue i lt8rpbllSd RSl hirrdlen bl SGHAl" @ndilbsod LR 0B (RS IR !

14 ground surface 402.

15 The combination of the differential and common mode filter 12 with its capacitive

16 elements coupled line-to-line between differential signal conductors 404 and 406 and

17 line-to-ground between the differential signal conductors 404 and 406 and conductive

18 ground surface 402 provides substantial attenuation and filtering of differential and

19 common mode electrical noise. At the same time the combination also performs

20 simultaneous differential line decoupling. Another benefit provided by the combination

21 include mutual cancellation of magnetic fields generated between differential signal

22 conductors 404 and 406. By connecting the common ground conductive electrode

23 bands 26 to a large conductive ground surface 402, increased shielding of the ground



8 ground and el ectrode plates. 9 Al though the principles, preferred

embodi nents and preferred operation of the 10 present invention have been
descri bed iwoWdgksiyé herein, this is not to be construed agpctisivansg |imted
to the particular illustrative fornms disclosed. They will thus become 12
apparent to those skilled in the art that various nodifications of the
preferred 13 enbodi nents herein can be nmade wi t hout departing fromthe
spirit or scope of the 14 invention as defined by the appended clains. 15
WD 00/ 65740 PCT/ US00/ 11409 49 1 Claisp 2 Wiat is clainmed is: 3 1. An energy
conditioning circuit assenbly for electrical connection between 4 an energy
source amthna i$ pRGIdRANP Hifferaitial anddmirtod Mode dinet 12 which furthee eglyanees g at ed
fromsaid energy source to said |oad 6 al ong at | east one conductive

pat hway; dasied fuietisrial tRarabieRbidszf tiffdrétidl aad comafonirbdenitersial d ener gy
source and said | oad, $ thereby reducing radiation of unwanted energy from

sai d gnergy CWHé"cbﬂn@ﬁHaﬂ& 6f the Wifferénti$ 8RABOMmMohGhdde fiter Thevigths Giternal
conditioning circuit assenbly of claim1, further conprising 12 nmeans for

si nul 4aneRKH) ¥Fafdda ?fhké Reieisf éleétﬂaényadonaaelteaqm&ﬁdmﬂe ﬂg@ur‘&ﬁs@*fm ed 13
al ong said at | east one conductive pathway. 14 e energy

condi 5i Onta(igh fdisE Hhd cAliphfd'Birver®d rémh %!ﬂé\'ént efemetnltbeéf c@ﬁra? bhé&igh Godditishas f or

decoupling said energy propagated along said at |east one conductive 17

pat hway. ci‘r@u:?-gsémb-ﬁhﬂo@ 'E}%Sﬁ?ﬁt‘al?\%tdtlmillﬂébtﬁbé BHid comibeive grobhd sfhda 1.

further conprising 20 neans part suppressing parasitics from said

ener gy Congdivitndit Q@e&nhé%éren?tﬂal Q@ﬁ&lr@n}ﬁuctg?s .ﬁ} ancWR)@B} GMQI%&#@OHMW

50 1 5. The energy conditioning Circuit asse y of claim1l

COMPr igS| '&%rr?erréﬁ@@g cfoﬂﬁathéﬂg%gEm <o Edit?\r:v%a%ﬁé&éiﬁla%ﬁh Edthfhoh A F om

abnor mal ‘ener gy e energy con |t|on|ng circuit assenbly of

claimgl, g tur ° {k%ﬂﬁé\'\e‘a eH di er‘éﬂgﬂgfdpger iy 4'§1 résRek é?'fer@el ayer ed

archi tec avi ng at ectr es and at ast

t hr eq oCorgaRg, IBHEQ‘&B}Eu&’st@n‘?& 486 $ed cggeér?d [h Qémg ch‘@ﬁsélm‘ﬁHEt[egf f@ﬁ@o?ommn

conductive e ec es IS pos 'l oned bet ween sard east

di ffeﬁe”tdaﬁéc&'é%SHsﬁt@Q%m&%ﬂagk vﬁeaecit%ﬁcegﬂ%% g‘i’ @%@QH?I%RGHQB 5,404

el ectrodes'Is I one sal ferentl al

el ectpodenglhed BRACLALY knd Qo B AMBle bELAT HRORLR it Sleie il Sal d

conmbn conductive €l ec sal er en ectrodes are

separgt eqnt]:aFn%m Sﬂ?alaﬁgrtaggy-lll@' sﬁleﬂise{h%? Ir{'lgstnaliv%rdp%l the internal differential

14 electrodes of differential and common mode filter 12 which connect to ground

15 conductive electrode bands 26. These benefits are significantly increased when the
16 partial Faraday-like shields are electrically connected by ground conductive electrode
17  bands 26 to conductive ground surface 402.

18 Figs. 13A - 13D show one application of carrier energy conditioning circuit
19 assembly 400 used in conjunction with a crystal. Referring to Fig. 13B, differential and
20 common mode filter 12 is physically and electrically coupled between first and second
21 differential signal conductors 404 and 406 and to ground conductive surface 402. In
22  this particular application ground conductive surface 402 is comprised of the metal base

23 of the crystal, which in tum is connected to a metal cover 415 shown in Figs. 13C and



12 13 7. The energy conditioning circuit assenbly of claim1, wherein said
| oop 14 area mnim zation nmeans is conprised of a conductive substrate. 15
16 8. An engr conditioning circuit assenbly conprising: uctive
substrate cBQHPeE 9‘fo an energi zed electrical circuit, sai %iﬂggﬁﬁﬂg 18
circuit conprising a source of power and at |east one | oad associ ated
therewith; 19 wherein said conductive substrate conprises at |east one

| ayer having 20 conductive ground area, a power conductive path, and a
return conductive path; and 21 a laygered architecture attached to said
conductive substrate conprising 22 | east a first and second differential

| ectrod , t] , WO
001 65740 138 RerT BB o HbaTeRetiaf BERHaROHEt 404 BOR4GE s taritR eray

|l ectricall y.. { t i doat | t, .2 '
band, >sacartiEne it abfuifsady aisdBkitaRs RS RuBOE ST ¢

l ectricall 1 t id first d diff ti
ol et § odaurerAby BEleglativn 8RR +Gif Homion osdMiet TR PoRTosR beriistsai o

t 5 duct i t lectrically isol f, t d
From Sai A BRHERAN PaBre0 Lo AYEE pRoEG sudres S0esd SPER A Mt ols! y

i ying. and di tioni 3 ti t i d | pad 0 .

G 11 8 enBIBIRF Japap ARUR ol Prosbt Reies dtase) csankad BRnailEebeu
Second L HbSeTEHYa pURY SuRFR e B FPIGSINg. HPITIR L SaetaR oBTnd SOBGHHIBE od 1 o
said at | east one comon ground conductive band by at |e one via. 13 14
10. The @et\dy abyrriet f%ﬁﬁ%@omep&n of C&&@rﬁeWOBF"@/pal'?ﬁt'S"%ahé? aisysteny d
return 15 conductive path i s positioned on_a second conductive substrate
| ayer 8an@nddnet shawn). Thedpiemat capstiustian ofithecdiffarentialignd ePman nQdect r ode
bands by a via, and wherein said ground 17 surface is positioned on a third
subst Pat &itera\egreatas ai“@Pé@HY\%@'?EG”? epupiacbeiween e firstandigecend HiferantisLind
conductive band by at | east one via. 19 20 11. The energétconditioning

ci rcdPt sigsahepndugtors Ha# rang, 4Qthaneicreales o capAGitivel eledeatrs necqvpted and

sai d power conducti veﬁpat h are concentric traces. )
11  between the first differential signal conductor 404 and ground conductive surface 402

12  and the other coupled between the other second differential signal conductor 406 and
13 ground conductive surface 402. While this arrangement of line-to-line and line-to-
14  ground filtering is occurring the first and second differential signai conductors 404 and
15 406 remain electrically isolated from one another. From Fig. 13B it can be seen that
16 first and second differential electrode bands 28 and 30 are prevented from coming into
17  direct physical contact with ground conductive surface 402 due to insulating pads 408
18 interposed between differential signal conductors 404 and 406 and the ground
19  conductive surface 402.

20 Figs. 13C and 13D show the final combination of crystal component assembly
21 416 and its metal housing 415 which provides an additional ground shield for the
22 combination. The carrier energy conditioning circuit assembly 400 shown in crystal

23 component assembly 416 simuitaneously filters and attenuates common mode and



22 23 12. An electrical conditioning circuit assenbly for an integrated .
circuit WO 00/ 65740 52 1 conprising: PCT/US00/ 11409 2 a substrate carrier

mounted w t\b'briio/?ﬁjléj integrated circuit) wherein said subspiptiSooddal i er
conprises at least one substrate |layer having a ground plane, a power 4

conductive path and a return conductive path for servicing at |east one
internal load of 5 said integrated circuit; 6 wherein said power conductive
path, said return conductive path, and said 7 ground plane are positioned
on said at |east one substrate |ayery,such that said power 8 conductive
path) said return conductive path, and said ground plane are al

el ect {1 Caftfelo gﬂ @g{:{%@%&étmé&%@u@dﬁs rsu?ﬁe&tui{gjnigauhﬁa%hcﬁ ﬂSisQiffchn%r enti al

and comon no aving at least aftirs 11 Second differenti al

| d ; . . : ) -
el ect 5 odgefhaiad aiﬁgregh%loﬁlggfrngai”ﬁ@% Q:t&rsok’(gg ﬁganﬂb@t & sﬁ?gﬁpyﬁﬁgﬂwer ern
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8 cancellation of opposing magnetic fields attributed to and existing between differential

9 electrical line conductors 404 and 406. In addition, carrier energy conditioning circuit

10 assembly 400 complements the inherent, internal ground structure and internal shield

11 structures that nearly envelope or surround each opposing electrode within differential

12 and common mode filter 12 to substantially improve overall noise attenuation on

13 differential signal conductors 404 and 406 that would otherwise affect and degrade the

14  desired performance of crystal component application 416. The essential elements

15  of carrier energy conditioning circuit assembly 400 consist of differential and common

16 mode filter and decoupler 12 as defined herein with a capacitive element coupled

17 between the first and second differential signal conductors 404 and 406 and two

18  capacitive elements, one coupled between the first differential signal conductor 404 and

19 ground conductive surface 402 and the other coupled between the other second

20 differential signal conductor 406 and ground conductive surface 402 while maintaining

21  electrical isolation between the first and second differential signal conductors 404 and

22 406; at least two energized differential electrical line conductors; and a physical and

23 electrical coupling of common ground conductive electrode bands 26 of differential and
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1 common mode filter 12 to ground conductive surface 402. The various elements listed
2 that make up carrier energy conditioning circuit assembly 400 are interconnected using
3 solder 410, conductive epoxy 417 or other means well known in the art.
4 The carrier energy conditioning circuit assembly is created when a differential
5 and common mode filter, m; the type shown above or of variations incorporated by
6 reference, is used in any application combination of the specific elements that can be
7  assembled on, into or within an energized, electrical circuit system. The addition of the
8 differential and common mode filter to the existing circuit creates a unique electrical
9 circuit system. The electrical circuit system including the differential and common mode
10 filter can be located on or in, but not limited to, a carrier, an interposer, a PCB, a
11  connector, an IC package, a chip carrier, or a silicon die. The electrical circuit system
12 comprises an energy source or load energized through a minimum of one or more
13 phased or oppositely phased or charged line conductor elements to receive
14  conditioning. These can consist of single or mixed elements, such as, but not limited to,
15 traces, vias, wires, conductors, or any other element that can be eiectrically charged.
16 The invention consists of a differential and common mode filter and decoupler
17 connected internally within an integrated circuit in order to fiiter and protect the
18 integrated circuit power bus. The invention functions without debilitating ground
19  return EMI or parasitics returning back through the differential and common mode
20 filter and decoupler, which would otherwise affect the integrated circuit. Other
21 advantages are in the elimination of multiple external and/or internal decoupler
22 capacitors that have been needed in the past. The prior art has required decoupling

23  capacitors both on the outside and inside of the integrated circuit package or
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The present invention consisting of the differential and common mode filter
and decoupler internally connected to the power bus lines of an integrated circuit
makes up a single unit that handles and/or conditions all energy sources required by
the load demands of an inteérated circuit through a single point of conditioning. The
invention also provides a reference ground for all power and return lines, traces or
conductors entering and leaving the integrated circuit package or substrate.

In embodiments of the present invention shown in Figs. 14-20, various
differential and common mode filters are used in combination with a carrier substrate
of the type used in an integrated circuit package such as, but not limited to, a digital
signal processor or microprocessor, to form a carrier energy conditioning circuit
assembly. The substrate carrier is typically made of a conventional material such as,
but not limited to, glass, ceramic, special thermoplastic, or any conventional material
used in the electronics industry. The carrier may have one or more layers in which a
power bus, a return bus, and a ground plane are configured. The ground plane is
typically made of conventional trace material such as, but not limited to, gold, copper,
conductive layering or doping, etc. The ground plane may either be floating or
electrically connected to the system ground, chassis ground, etc. The combination of
the layered architecture and carrier can dissipate and/or accept energy in a balanced
manner from the circuit , acting as a central energy source or reservoir through multiple
conductive pathways. When the differential and common mode filter attached to an
external conductive area or ground, the external conductive area or ground areas are

extended, effectively shielding and enveloping each differential electrode and the
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#i‘go/él_&l%) 1?1% I%ag fEa) ne 221, Carneir)substrate 180, has 3 agwe B bus t(rz)ac_:e ];1821 B ety b P\BYS; 11 006
T& ()- 13 trace 184, and a ground plane 186 all attached in a single layer to a top surface of the
14  carrier 180. Bus traces 182 and 184 are shown in a concentric pattern on the top
15 surface of the carrier 180. The concentricity of the bus traces 182 and 184 provide a
16 cancellation of inductance due to the opposite current flow through the bus traces. Bus
17 traces 182 and 184 are shown in a concentric octagonal pattern. While the present
18 invention is not limited to a particular shape, it is recognized that concentric bus traces
19  having 45 degree traces result in a reduction of noise reflections and ground bounce
20 when compared to concentric traces having 90 degree trace tumns, such as in a square
21  orrectangular configuration. In the same manner, concentric circular or elliptical bus

22 traces will result in a greater reduction of noise refiections and ground bounce than

23 concentric traces having 45 degree trace tums.
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Still referring to Fig. 14A, a plurality of loads 188 are connected to traces 182
and 184 by bond wires 190, jumper wires, or other conventional interconnects used in
the electronics industry. The bond wire 180 lengths are kept as short as possible to
reduce stray impedance. Loads 188 are representative of internal loads of the
integrated circuit 220 and co;nprise the various functions and devices supported by the
integrated circuit. Loads 188 are typically connected by bond wires 190 to leads 223,
which surround the perimeter of the integrated circuit 220. The loads 188 are symbols
which are shown on the top surface of the lead frame for communication convenience.

Ground plane 186 comprises three regions; a ground trace 222 that is concentric
with and in between bus traces 182 and 184, an outer ground area 224 that surrounds
the outermost bus trace 184, and an inner ground area 226 that is surrounded by the
innermost bus trace 182. Ground trace 222 separates and provides some inductive
cancellation, cross talk suppression, and line to line isolation of the bus traces 182 and
184. The conductive surfaces of the bus traces 182, 184 are electrically separated from
ground plane 186 by open areas on the surface of substrate carrier 180, which are
generally concentric with the bus traces 182, 184.

To allow for insertion of a differential and common mode filter 200, each of bus
traces 182 and 184 have a predetermined space of physical separation between them.
The integrated circuit package is designed such that multiple power entry points are
reduced to one pair of power entry pins 82 and 83 which are connected to the traces
182, 184 by bond wires 190 or other conventional interconnects. Differential and
common mode filter 200 is located in a predetermined position as close as possible to

power entry pins 82 and 83 which also corresponds to the predetermined space of
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3 portal reduces the noise that can enter or exit the integrated circuit and interfere with

gﬂb/l 1409

4  circuitry both internal or external to the integrated circuit package.

5 Ground areas 222, 2é4. and 226 are interconnected by a single point ground

6 area 228 (see Fig. 14B) which is located directly beneath the differential and common

7  mode filter 200. The ground layer 186 of the carrier substrate 180 in combination with

8 the positioning of the filter 200 in proximity to the power entry pins 82, 83 results in

9 isolation of noise generated by the integrated circuit package 220 from the external
10  circuitry such as, but not limited to, a printed circuit board.
11 Differential and common mode filter 200 comprises first differential electrode
12 bands 202, second differential electrode bands 206, and common ground conductive
13 bands 204, all separated from each other by insulated outer casing 208. The filter 200
14 s oriented on the carrier 180 such that the first differential electrode bands 202 and the
15 second differential electrode bands 206 can be attached to the ends of the traces 182
16 and 184 to connect the individual traces and complete the circuit path. Continuity of
17 traces 182 and 184 reduces reflections and ESL. Common ground conductive bands
18 204 are electrically connected to the ground plane 186 through single point ground area
19 228 shown in Fig. 14B. The connection of the common ground conductive bands 204
20 and the differential electrode bands 202 and 206 can be accomplished using industry
21 standard means such as solder, springs, etc., as previously discussed herein. The
22  alignment of filter 200 in parallel with the loads and the arrangement of the single layer

23 carrier substrate 180 resuits in improved decoupiing performance.
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° 1 Referring now to Fig. 15, generally the same top view of an integrated circuit 220
2 is shown, except that the orientation of filter 200 is rotated 90 degrees. This rotation
3 requires minor modifications related to the mounting of the filter 200, and the location
4  of differential electrode bands 202 and 206. The differential electrode bands 202 and
5 206 are now on the same l;mgitudinal side of the filter 200, respectively, instead of
6 opposite sides as shown in Fig. 14A. The common ground conductive bands 204 are
7 attached to a single point ground area (not shown) underneath the filter 200 which
8 connects the ground areas 222, 224, and 226 to form ground plane 186 in a similar
9 manner as described for the previous embodiment.
10 Although not shown or depicted in Figs. 14A and 15, it is noted that carriers 180,
11 280 should be at least the size of the integrated circuit 220 it is covering so as not to
12 allow sneak currents to couple back on the floating image reference created by the
13 energized energy conditioning circuit assembly.
14 The power bus 182, return bus 184 and ground plane 186 can be imbedded in
15 the carrier substrate on different levels. Referring now to Fig. 16A, a top plan view of
16  a carrier substrate 280 is shown having a power bus trace 182 and a return bus trace
17 184 attached to a top surface thereof. A ground plane 186 is attached to a bottom
18 surface of the carrier 280 as shown in a front cross-sectional view in Fig. 16B and side
19  cross-sectional view Fig. 16C. A plurality of loads 188 are connected to traces 182 and
20 184 by bond wires 190, or other conventional interconnects used in the electronics
21 industry. The loads 188 are internal microprocessor and/or integrated circuit loads

22  representing the various functions and devices supported by the microprocessor and/or

23  integrated circuits, and are typically connected thereto by bond wires attached to leads,
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2 shown as symbols on the top surface of the carrier for ease of understanding. The
3 traces 182 and 184 are shown in a concentric pattern on the top surface of the carrier
4  280. The concentricity of the traces 182 and 184 provide a cancellation of inductance
5 duse to the opposite current ﬁow through the bus traces, as previously discussed.
6 As in the previous embodiment, differential and common mode filter 200 is
7 located in a predetermined position on substrate carrier 280 as close as possible to
8 power entry pins 82 and 83 and at a predetermined space of physical separation
9 between each of the traces 182 and 184. The single power entry portal represented
10 by pins 82 and 83 and the proximity of the filter 200 to the power entry portal reduces
11  the amount of noise that can enter or exit the integrated circuit and interfere with the
12 circuitry, both internal and external to the integrated circuit package.
13 Differential and common mode filter 200 is oriented on the carrier 280 such that
14  the first differential electrode bands 202 and the second differential electrode bands 206
15 can be attached to the ends of the traces 182 and 184 to connect the individual traces
16 and complete the circuit path. The common ground conductive bands 204 are
17  electrically connected to the ground plane 186 by vias 192 as shown in Figs. 16B and
18 16C. Via 192 is a small aperture formed in the surface of carrier 280, which is disposed
19  through the body of carrier 280 to provide an electrical connection to ground piane 186
20 on the bottom surface of carrier 280. Although not shown, via 192 includes thru-hole
21  plating to provide the electrical connection. The connection of the common ground
22 conductive bands 204 and the differential electrode bands 202 and 206 can be

23 accomplished using industry standard means such as solder, springs, etc., as
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4 layer 194 can be made of any predetermined insulating material, such as that of the

5 carrier 280, orof a non-cond~uctive epoxy. The insulation layer 194 prevents electrical

6 connection to the silicon die when the carrier 280 is assembled onto other components

7  within an integrated circuit package (not shown).

8 in another embodiment of the invention, bus traces 182 and 184 are on different

9 layers of the substrate carrier 380. I;Qeferring now to Fig. 17A, a top plan view of carrier
10 substrate 380 is shown having power bus trace 182 attached to a top surface thereof.
11 Areturn bus trace 184 is shown embedded within the carrier substrate 380 at a second
12 layer, as best shown in Figs. 178 and 17C. A ground plane 186 is shown embedded
13 within the carrier substrate 380 at a third layer below the second layer. An insulation
14  layer 194 is optionally attached to a bottom surface of the carrier 380. Returning now
15 to Fig 17A, a plurality of loads 188 are connected to power bus trace 182 by bond wires
16 190. The loads 188 are also connected by bond wires 190 to vias 196 which provide
17  an electrical connection to the imbedded return bus trace 184 on the second layer as
18 shown in Figs. 17B and 17C. Since the bus traces 182 and 184 are on different layers,
19  the traces are aligned directly over top of each other to provide enhanced cancellation
20 of inductance due to the opposite current flow through the bus traces which are the
21 same size, shape, and iength.
22 Referring back to Fig. 17A, filter 200 is attached to the top surface of the carrier

23 380 in the same manner as described in relation to Fig. 16A except that the second
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2 not shown, the vias 196 are offset from the return bus 184. The vias 196 are electrically
3 connected to return bus 184 by electrical extension connectors (not shown) positioned
4  between the return bus 184 and via 196. The offset allows the busses 182 and 184 to
5 directly lie over top of each ;ther on different levels without having the via 196 of the
6 return bus 184 coming straight up through the carrier 380 and into the power bus 182.
7  Additionally, power entry pin 82 is also electrically connected to return bus 184 through
8 abond wire 190 connected to a via 196 that extends down through the carrier to return
9 bus 184.

10 Referring now to Figs. 17B and 17C, insulation layer 194 is attached on the
11  bottom surface of carrier 380 to prevent electrical connection to the silicon die when the
12 carrier 380 is assembled onto other components within the integrated circuit package
13 (not shown). Fig. 17D shows a cross-sectional view similar to Fig. 17B that also
14  shows potting layer 187 over the top surface of carrier 380.

15 In a further embodiment shown in Fig. 18, filter 200 is embedded on a second
16 layer within the substrate carrier 480. First and second differential electrode bands 202
17 and 206 of fiilter 200 are connected to power bus 182 on a first layer (on the top surface
18 of the carrier 480) and return bus 184 on a fourth layer, respectively, by vias 196
19 extending through carrier 480. Common ground conductive band 204 of filter 200 is
20 connected to the ground plane layer 186 by vias 192. Loads 188, although not shown,
21  are connected to the power bus 182 by bond wires 190 in the same manner as in
22 previous embodiments. In this embodiment, the ground plane 186 is between the

23 power bus trace 182 and the return bus trace 184. Vias 196 from the filter 200 and the
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4 the ground plane 186. Ground separation obtained by positioning of the ground plane
5 186 between the power bus 182 and the return bus 184 results in improved
6 suppression of cross taik and other parasitic effects. As in previous embodiments, bus
7 traces 182 and 184 are on different layers and are aligned directly over top of each
8 other to provide enhanced cancellation of inductance due to the opposite current flow
9 through the bus traces which are the same size, shape, and length.
10 The differential and common mode filter has been presented in many variations
11 both above and in commonly owned patents and patent applications, previously
12  incorporated herein by reference. A further embodiment of the present invention utilizes
13 a variation of the filter previously discussed. Shielded twisted pair feed through
14  differential and common mode filter 300 is shown in Fig. 19A. The difference between
15 this filter 300 and earlier presented filters is the location of first differential electrode
16 bands 302A, 302B and second differential electrode bands 306A, 308B, which are
17 located diagonally from each other, respectively. Common ground conductive bands
18 304 are separated from first and second differential electrode bands 302 and 306 by
19 insulating material 308 as in the previous filter embodiments. Shielded twisted pair feed
20 through differential and common mode filter 300 comprises a minimum of a first and
21 second differential electrode plate 312 and 316, respectively, and a minimum of three
22  common ground conductive plates 314 as shown in Fig. 19B. The plates 312, 314, and

23 316 are stacked and insulated from each other by material 308 as in the previous filter
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1 embodiments.
2 Referring now to Figs. 19C and 19D, which show schematic representations of
3  shielded twisted pair feed through differential and common mode filter 300 and how it
4 is used to eliminate differential noise. Current | is shown flowing in opposing directions
5 through first and second dh;f-erential electrode bands 302A and 3068, crossing over
6 each other, and flowing out through first and second differential electrode bands 302B
7 and 306A. The crossover point of the current | acts as a line to line capacitor while the
8 common conductive ground plate 314 provides line to ground capacitors on either side
9 of the crossover point.
10 In Fig. 19D, the filter 300 is depicted as coplanar plates 312, 314, and 316, with
11  electrode plates 312, 316, each sandwiched by common ground conductive plates 314
12 in a Faraday cage configuration. The current | is shown flowing in opposite directions
13 through the differential electrode plates. Note that the common ground conductive
14 plates 314 are electrically interconnected, but insulated from the differential electrodes
15 as has been disclosed in filter embodiments previously incorporated by reference
16  herein.
17 Referring now to Figs. 19E and 19F, which show schematic representations of
18  shielded twisted pair feed through differential and common mode filter 300 and how it
19 is used to eliminate common mode noise. Current | is shown flowing in the same
20 directions through first and second differential electrode bands 302A and 306A,
21  crossing over each other, and flowing out through first and second differential electrode

22 bands 302B and 306B. The crossover point of the current | acts as a line to line

23 capacitor while the common conductive ground plate 314 provides line to ground
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3 with electrode plates 312, 316, each sandwiched by common ground conductive plates
4 314 in a Faraday cage configuration. The current | is shown flowing in the same
5 direction through the differential electrode plates. Note that the common ground
6 conductive plates 314 are electrically interconnected, but insulated from the differential
7 electrodes as has been disclosed in filter embodiments previously incorporated by
8 reference herein.
9 Referring now to Figs. 20A, 20B, and 20C, the shielded twisted pair feed through
10 differential and common mode fiiter 300 is shown embedded within an integrated circuit
11  package 320. Fig. 20A shows a top plan view of an integrated circuit package 320 with
12 atop insulating layer 322 removed to reveal power bus trace 324 and return bus trace
13 326 servicing internal loads 188 through bond wires 190 which are connected to leads
14 319 surrounding the perimeter of the integrated circuit package 320. The bus traces
15 324, 326 are shown as concentric squares which provide a cancellation of inductance
16 due to the opposite current flow through the bus traces. Note that the traces 324, 326
17  are connected to vias 196 at the center of the integrated circuit 320 in a manner that the
18 connecting via 196 to each respective trace 324, 326 are positioned diagonally from
19  each other for connection to shielded twisted pair feed through differential and common
20 mode filter 300.
21 Tuming now to Fig. 20B, a cross-sectional view shows shielded twisted pair feed

22 through differential and common mode filter 300 embedded within the integrated circuit

23 320 and positioned on ground plane 328 at a second level and connected to the bus
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1 traces by vias 196 which extend vertically down from the bus trace level, through

[{9]

ground plane 328 to the bottom surface of the integrated circuit 320. At the ground

(U3

plane 328 level, the vias 196 are electrically insulated from the ground plane by
4 insulation 330 as best shown in Fig. 20C. As with the previous embodiments, the
5 integrated circuit package is c]esigned such that multiple power entry points are reduced
6 to one pair of power entry pins (not shown). The shielded twisted pair feed through
7  differential and common mode filter 300 is located in a predetermined position as close
8 as possible to the power entry pins which also corresponds to the predetermined space
9 of physical separation between traces 324 and 326, which in this example is shown at
10 the center of the integrated circuit 320, although it is not limited to a particular location.
11  The single power entry portal and the proximity of shielded twisted pair feed through
12 differential and common mode filter 300 to the power entry portal reduces the amount
13 of noise that can enter or exit the integrated circuit 320 and interfere with the remaining
14  circuitry, both internal or external to the integrated circuit package.
15 The ground plane is also shown with vias 332 extending downward from the
16 ground plane 328 to the bottom surface of the integrated circuit 320. The vias 332
17  enable the ground plane 328 to be connected to external ground (not shown) if needed
18  for a particular application. Vias 196 and vias 332 are connected by wire bonds or other
19  conventional interconnects (not shown) to their respective external connections.
20 Another related embodiment is shown in a cross-sectional view in Fig. 21. The
21  main difference between this embodiment and the embodiment shown in Figs. 20A-20C
22 s that shielded twisted pair feed through differential and common mode filter 300 is

23  attached to the bottom of integrated circuit package 320 mounted on a printed circuit
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1  board 334. Substrate cover 336 is shown displaced from the integrated circuit 320 to
2 reveal internal loads 188. The bottom of the integrated circuit includes a ground
3 substrate layer 338, which is electrically connected to ground plane 340 on printed
4  circuit board 334 through ball grids 342 or other conventional interconnects and vias
5 344 extending through prin’éd circuit board 334. Common ground conductive bands
6 (not shown) of shielded twisted pair feed through differential and common mode filter
7 300 are attached to ground substrate iayer 338 by solder or other conventional means.
8  Bus traces 324, 326 are connected to differential electrode bands (not shown) of
9 shielded twisted pair feed through differential and common mode filter 300 by vias 196.
10  Although not completely shown, both the vias 196 and the differential electrode band
11  attachments are electrically insulated from ground substrate layer 338 by insulation 330.
12 Interconnects 346 and 348 extend downward from vias 196 and are connected to a
13 single power entry portal (not shown) serving the integrated circuit package 320.
14 It should also be evident that using the differential and common mode filters, as
15 compared to the labor intensive aspects of combining discrete components found in the
16 prior art, provides an easy and cost effective method of manufacturing. Because
17 connections only need to be made to either end of electrical conductors to provide a
18 differential mode coupling capacitor and two common mode decoupling capacitors, time
19 and space are saved.
20 As can be seen, many different applications of the differential and common
21  mode filter architecture are possible and review of several features universal to all the

22 embodiments must be noted. First, the material having predetermined electrical

23 properties may be one of a number in any of the embodiments including but not limited
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to dielectric material, metal oxide varistor material, ferrite material and other more exotic
substances such as Mylar film or sintered polycrystalline. No matter which material is
used, the combination of common ground plates and electrode plates creates a plurality
of capacitors to form a line-to-line differential coupling capacitor between and two line-
to-ground decoupling capaé:itors from a pair of electrical conductors. The material
having electrical properties will vary the capacitance values and/or add additional
features such as over-voltage and surge protection or increased inductance, resistance,
or a combination of all the above.

Second, in all embodiments whether shcwn or not, the number of plates, both
common conductive and electrode, can be multiplied to create a number of capacitive
elements in parallel which thereby add to create increased capacitance values.

Third, additional common ground conductive plates surrounding the combination
of a center conductive plate and a plurality of conductive electrodes may be employed
to provide an increased inherent ground and surge dissipatiorn area and a Faraday
cage-like structure in all embodiments. Additionai common ground conductive plates
can be employed with any of the embodiments shown and is fully contemplated by
Applicant.

Fourth, the differential and common mode filter structure has the ability to
balance its own electrical characteristics and to effect a cancellation of internal
inductance attributed to it's structure thus preventing performance disruption of the
electrical circuit system line conductors.

Fifth, the portability of the differential and common mode filter allows insertion

into sub-electrical systems that mate with main electrical circuit system such as, but not
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2 connector embodiments or any other sub-electrical systems that are subsequently
3 mated to larger or more sophisticated electrical circuit systems.
4 Finally, from a review of the numerous embodiments it should be apparent that
5 the shape, thickness or size may be varied depending on the electrical characteristics
6 desired or upon the application in which the differential and common mode filter is to
7 be used due to the physical architecture derived from the arrangement of common
8 ground and electrode plates.
9 Although the principles, preferred embodiments and preferred operation of the
10  present invention have been described in detail herein, this is not to be construed as
11 being limited to the particular illustrative forms disclosed. They will thus become
12 apparent to those skilled in the art that various modifications of the preferred
13 embadiments herein can be made without departing from the spirit or scope of the

14 invention as defined by the appended claims.

15
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2 Whatis claimed is:
3 1. An energy conditioning circuit assembly for electrical connection between
4 an energy source and a load comprising:
5 means for conditioning energy propagated from said energy source to said load
6 along at least one conductive pathway; and
7 means for minimizing the loop area between said energy source and said load,
8 thereby reducing radiation of unwanted energy from said energy conditioning circuit
9 assembly.
10
11 2. The energy conditioning circuit assembly of claim 1, further comprising
12 means for simultaneously filtering differential and common mode noise propagated
13  along said at least one conductive pathway.
14
15 3. The energy conditioning circuit assembly of claim 1, further comprising

16 means for decoupling said energy propagated along said at least one conductive

17  pathway.
18
19 4, The energy conditioning circuit assembly of claim 1, further comprising

20 means for partially suppressing parasitics from said energy conditioning circuit
21  assembly.
22

23
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3

4 6. The energy conditioning circuit assembly of claim 1, wherein said energy

5 conditioning means is comprised of a layered architecture having at least two

6 differential electrodes and at least three common conductive electrodes, wherein at

7 least one of said common conductive electrodes is positioned between said at least two

8 differential electrodes and at least one of said common conductive electrodes is

9 positioned above and below said at least two differential electrodes in a generally

10  coplanar relationship, wherein each of said common conductive electrodes and said

11  differential electrodes are separated from one another by a dielectric material.

12

13 7. The energy conditioning circuit assembly of claim 1, wherein said loop

14  area minimization means is comprised of a conductive substrate.

15
16 8. An energy conditioning circuit assembly comprising:
17 a conductive substrate coupled to an energized electrical circuit, said electric

18  circuit comprising a source of power and at least one load associated therewith;

19 wherein said conductive substrate comprises at least one layer having
20 conductive ground area, a power conductive path, and a return conductive path; and
21 a layered architecture attached to said conductive substrate comprising

22  atleast a first and second differential electrode band and at least one common ground

23  conductive band;



10 10 S#10% & ()-. SH10%<& ()-. SH10%& ()-. vv[xZy] yyydEb@ F, &10%& () - F
"@10%<& ()-F, 109%& ()- FSH10%<& () - #10%<& ()-S10%& ()-y*zz{|*| +|,|-| dYNC
10< 10< 10<@610%<& ()- (Z#10%& ()- (Z#10%& ()- (ZH#LO%CE (der o oo
(z#109%& () - WRLSFUPD) ~~dEYNC!  Y#10% & () - Y#109% & () - 3

-#10% & ()-F'f109% & ()-yl0% & ()-Z10% & () - ~~dEYNC!

3s0y#10% & ()-F. 10% & () - Fs$z#10% & ()- F'10% & () - FYz#10% & ()-ys10% & ()-$
bCl 1 &L0%& ()- 10%& ()- Y109%& ()- 10( 10( 10(

s6#10% & () - 3410% & () - $3NVhdEbC! Yg#gg%i' ()- | T#109&' () -y

10%& ()-S- #109%& ()-s-#10%& ()-!z10%& ()-zndE: / 10

1030y 109 () oAt 041 dohafah8 ol reORE oo i dted /360Gt ot
2 one common ground conductive band, said power conductive path and said return
3 conductive path are electrically connected between said first and second differential
4 electrode bands, respectively, with said power conductive path and said return
5 conductive path are electrié:ally isolated from one another and from said common
6 ground conductive band; and

7 means for simultaneously receiving and conditioning energy propagating to said

8 load in a differentially balanced manner.

10 9. The energy conditioning circuit assembly of claim 8, wherein said ground
11 surface in positioned on a second substrate layer, and wherein said ground surface is
12 connected to said at least one common ground conductive band by at least one via.
13

14 10.  The energy conditioning circuit assembly of claim 8, wherein said return
15 conductive path is positioned on a second conductive substrate layer and electrically
16 connected to said second differential slectrode bands by a via, and wherein said ground
17 surface is positioned on a third substrate layer and is connected to said at least one
18 common ground conductive band by at least one via.

19

20 11. The energy conditioning circuit assembly of claim 8, wherein said return
21 conductive path and said power conductive path are concentric traces.

22

23 12.  An electrical conditioning circuit assembly for an integrated circuit
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3 carrier comprises at least one substrate layer having a ground plane, a power
4  conductive path and a return conductive path for servicing at least one internal load of
5 said integrated circuit;
6 wherein said power conductive path, said return conductive path, and said
7 ground plane are positioned on said at least one substrate layer such that said power
8 conductive path, said return conductive path, and said ground plane are all electrically
9 isolated from one another; and
10 at least one differential and common mode filter having at least a first and
11  second differential electrode band and at least one common ground conductive band;
12 wherein said at least one common ground conductive band is electrically
13 connected to said ground plane;
14 wherein said first and second differential electrode bands are electrically
15 connected to said power conductive path and said retum conductive path with both of
16 said paths electrically isolated from one another and from said common ground

17 conductive band;

18
19 13. A substrate carrier for an integrated circuit comprising:
20 at least one substrate layer having a ground plane, a power bus and a return bus

21  for servicing at least one intemal load of said integrated circuit;
22 wherein said power bus line, said return bus line, and said ground plane are

23 positioned on said at least one substrate layer such that each is electrically isolated
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from the others; and
wherein said bus lines and said ground plane each have a predetermined area

of attachment for electrical connection of a surface mount component.

14.  An energy conditioning circuit assembly substantially as described herein

with reference to and as illustrated by the accompanying drawings.



