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printed circuit boards and s el ectronmagnetic in [ﬂm
particular, the present invention is related to te I'rcuit boards with
shi el di ng agai nst el ectromagnetic s interference. s 'F3BACKGROUND OF THE

| NVENTION 11 Printed circuit boards (PCB s)y including rigid, flexible,
single, double and 12 multilayer boards have found inportant uses in the

sem - conduct or and ec | Co.1 gdu . ' I LN
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dielectric material. Interconnections are 15 provided for electrical
connection etween the netallized layers. In certain 1 s applications) such
as audio-anplifiers, mcrophones and nobile tel ephones, 1 ~ the electrical
circuitry of the PCB generates an electromagnetic field which 1 s interfere
with the n@nmal operation of other circuitries in the vicinity. 19 One
conventional nmethod of reducing EM in circuitry enbedded in PCB's 20 is to
provide netal shield on the surfaces of the board. This shield my be 21
one or nore& nefHELD| QFeTHBUMNVENIAOMd the PCB, or a layer of netallic 22
coating plated directly onto the surface of the PCB. Another prior art

t hod 31 2002 2 i | t he platj f tallic t i, nt I
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6 electromagnetic interference (EMI). In particular, the present invention is
7 related to printed circuit boards with shielding against electromagnetic

8 interference.

10 BACKGROUND OF THE INVENTION

11 Printed circuit boards (PCB's), including rigid, flexible, single, double and
12 multilayer boards have found important uses in the semi-conductor and
13 electronic industry. A PCB typically contains metallized layers of electrical
14  circuitry or traces separated by dielectric material. Interconnections are
15  provided for electrical connection between the metallized layers. In certain
16 applications, such as audio-amplifiers, microphones and mobile telephones,
17 the electrical circuitry of the PCB generates an electromagnetic field which

18 interfere with the normal operation of other circuitries in the vicinity.

19 One conventional method of reducing EMI in circuitry embedded in PCB’s
20 is to provide metal shield on the surfaces of the board. This shield may be
21 one or more metal plates mounted around the PCB, or a layer of metallic

22  coating plated directly onto the surface of the PCB. Another prior art method
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2 PCB adj acent the prescribed trace or traces for which EM shielding is s
needed. Figures 1 Ato 1 D show the tracés and structures found i nJth@CT 2002
prior art s PCB for internal EM shielding. A sinple six-layer PCB is shown
with a netal s trace 20 in layer L1-3 and another nmetal trace 22 in |ayer
L1-4. These two ~ traces require EM shielding. For ease of illustration)
only the traces to be s shielded and the rel evant shielding structures are
shown in layers L1-2 to s L1-5. Trace 20 i3 interconnected to trace 22

in Tayer L1 aTRANECE Batifo of s AR InisRERE nERIE M PR il G5 °
chi ol ai ng b PR Giacert fhed plascigefl, NS orstacen a8 o oER el sy 1

L 1-4 on the tvvodaﬁi acent sides of trace 22. 14 They are connected to trace
31, which dct "¥8%Hfe bottom shield for trace 20. 15 Ground trace 33 is
provided in layer L1-2 directly above netal trace 20 to 1 s function as top

shi el ding ggai ”Slfilggrés 1" R}'gg) %Iéé\ﬁethéf’tréc%hspér‘?d’ Isiedir s'fé@f@& irk tﬁeHJlﬁsor? art

directly bel ow ne trace ottomshield therefor. Between

L L B i g RS B B R O g

as L1-axb where a I'ca I"aye ove an ow il 20

respectively. ' APEL j ' t ' tyi , 21
convent i onél Hégel%gmgﬁlgfpp? g“&‘."ﬁ%‘l&"ﬁﬁ ﬁle\% ‘gga%ﬁﬁgﬁdgg%{oﬁﬁaéﬁ ﬁlﬁggé(g\&acoat
of nmetal 36 ther , ld&aat Scligar f he Scr 1t of the,.prior
art that the SmcapdeaGie £yl SokdRe. R e MRHFHEES Y b e BOBE m
shi el ding, _.as {here are 2s | tiple. s 38 hetween vias 343 and 34b,t.hat
o ot prot dé“gaﬁij%ﬁ* cﬂtrﬁjgtj"et plerchiges %ﬂg&@@&tﬂwwryﬁ‘?ﬁwﬁnﬁ? AT
is erefore j-eC e. present inventiq I QVi a oar,

with i mpr oded itiPerliare 2 ISHiEpGRECted tddsearn JhipUgh melaizaaied i @4 on
provi des PCB hoards with in-board shielding.in which prescribe

el ectricallOci r'®{f SFU RGeS 2 (%’"Fglasa%? °d8%t?$dm\_ﬂ)(ﬁr E‘Q‘éa&ni i!}ﬂ SWQ a
uni form netal shie] di ng en?l osure were round,, The shje] ded ci I’ﬁﬁl try y
3?]‘? si ngﬂfe n@tpgpsg\gtz:a%h §sQ &'ngpgoo reup tt@"@(ﬁl\hé'@ﬂ'@lﬁc ! tg?e'é?‘??f @ntg or
ifferent |ayers o e sanme F or a s.conplete electrical circuitry
spanni ng #any iayesrlehd, Ispevddechipr topshigldng: obiraze RRn TR othargreeRdeds ng
t he sane technol ogﬁ grouzs)f‘il of electrical ~ 1 circuitry that require

i sol ati on1BecdigseSo30 pod I pre platad in dek-8qon daptweadiacen siesphirage 24t h
each group shielded fromthe EM of the others. The nmetal ~ 3 shield
contains a4t op Nslyi aedcanmegtachipetrace 3 ewhich agtasuinerbotiam ishield frspee 20-n a
Accor o ng 160 SHeUBAERsTBR tsatrovidedrindaseit L rz sect abowe Beth tePcdoar
Accordi ng1bo oua t ISqirov pl I Con, ar e
trenches with netal coating provided adjacent the prescribed circuitry. 1 ~
The side tifendhretiaroasdop shisddingpagainet dMbr@raund tace 8 ishprovitlesl imdaier
gaps. 1 s Openings of the uniformnetal shield are provided at the sites
wher e the1? s Leli+5c directly dmelowc tetalotracet 22 ras ibottom rshigldt Herefaie BeiweeRCB

board or with the
18 metallic layers L1-2, L1-3, L1-4 and L1-5 are dielectric layers, denoted

19 as L1-axb where a and b indicate the layers directly above and below it
20 respectively. To provide partial EMI shielding at the dielectric layers,
21 conventional PCB boards are provided with vias 34a and 34b having a

22 coat of metal 36 thereon.

23 It is clear from the above description of the prior art that the shielding
24  provided within the PCB does not provide good EMI shielding, as there are

25 multiple gaps 38 between vias 34a and 34b that do not provide shielding.



20 exterior. 21 In another enbodinment, the side shields are solid walls

provi ded 22 adjacent the prescribed circuitry. The walls are built 3J§|q‘[g(Nzunz
el ectropl ating 23 and/or electroless plating as described in detai

As with the nmetal 24 coated trenches, the solid walls connect the top

shield and the bottom shield 3 1 OCT 2002 4 1 to forma uniform encl osure
around the prescribed circuitry, except for 2 openings where the prescri bed
circuitry connects to another circuitry wi thin 3 the same PCB board or with

the exteriqr. SOMMATPENDF TifE! (NVPERTION Y 4 provides conplete shielding
of a circuitry, but also gives substantial internal s space savings. s As

used herein, a uniformnetallic shield refers to the a conplete shield

absent any 2non- nitiglthéefo@pan whbidut rof the psestit Stveatitide tohpiovitenackCBt beard t op
shield and the bottom shield. 9 BRI EF DESCRI PTI ON OF THE DRAW NGS 11 Figure

1 Ais a perspweith improlieavinbgrnal EMII@h&Q@mgf a conventional PCB with the 12
various |ayers indicated by dotted lines. 13 Figure 1 B and 1 C are cross
section drawings along lines A-A° and B-B' i a. respectively of the sane

conventi ondl PCBActordinglyr énel ppesent inventidre paevidesrRCBf baaksds Withnin-boards

L1-2, L1-2x3, L1-3, L1-3x4, 16 L1-4, L1-4x5 and L1-5 respectively of the

PCB shown isn FEMI shiglding in Gvhith~a Fprescebed élsctiicpbraincaitnyi wdthim aavi FGBofs a
part of a PCB according to the 1 s present invention with the various

| ayers shown. ditleldiegurfeon? BERM dby Gabrieatingyss wmifdrimometiahvshigklied oenclbsurs

C-C and DD 20 respectively of the PCB shown in Fig.2A. 21 Figure 2D 2]
are the artz wahieredroandaTheishidldgercrclRrZmakbe?adingld-rBetdl Araded a gdubZeft,

L2-4x5 and L2-5 respectively of the PCB shown in Fig. 2Ato 2C.
8 interconnected traces in the same or different layers of the same PCB, or a
9 complete electrical circuitry spanning many different layers and locations
10 within the same PCB. Using the same technology, groups of electrical
11 circuitry that require isolation because of EMI may be fabricated together in
12 proximity, with each group shielded from the EMI of the others. The metal

13 shield contains a top shield in a layer above the circuitry, a bottom shield in a

14 layer below the circuitry, and side shields adjacent the circuitry.

15 According to one embodiment of the present invention, the side shields
16  are trenches with metal coating provided adjacent the prescribed circuitry.
17 The side trenches connect the top shield and the bottom shield without gaps.
18  Openings of the uniform metal shield are provided at the sites where the
19  circuitry connects to another circuitry within the same PCB board or with the

20  exterior.

21 In another embodiment, the side shields are solid walls provided
22 adjacent the prescribed circuitry. The walls are built using electroplating
23 and/or electroless plating as described in detail below. As with the metal

24  coated trenches, the solid walls connect the top shield and the bottom shield



3 1 OCT 2002 5 1 Figure 3A-3F show the steps of one nethod of produging an
EM shield 2 according to the present invention. s Figure 4A-4F sho k%QT 2002
steps of another nethod of producing another EM shield according to the
present invention. 5 Figure 5A-H show the steps of yet another nethod of
produci ng another EM s shield according to the present invention. Figure 6
is a perspective drawing of one interior part of a multilayer PCB s show ng
the netal shield for a nultilayer el ectricél circuitry. 9 io DESCRIPTION CF

PO b 15 ST Sl ARRALER SHOTB e RN, Bl
2o o7 22, Fopkis Wbelh 80 hobhes BRI, cbABSRS! BYAISNEE B SGRIIRUFR >
ool 260 ) oAk, oHipd BB AR DBkl ThE HeSaRC ealhh 54 BT
traces 40 dna POVRSS Siitabiet hieldhg 293 R, R 3o BYES sndai Jn@IREE, ©
circuitry that _require EM shielding. 1 s Traces 40 and 42 are electrically

connected By sH3G FAM9Yi ¢ i nterconnect 20 44. Ground shield 46a is
provided in layer L2-2 directly above trace 40, 21 and ground shield 46b is

provided i layer Lgs$sgRondieifd '%i@ﬁﬂvﬁ%ﬂﬁﬁ%@gﬁf@e“?@ o Sé‘icshﬂ:ﬁel‘éea

and 46b together act as the top shi el 48a 1s pr ded in

48 15 pr ovi dceRRECR Ul BEmBali BT AR the dide, ShEIG Hfe SpfaSd e, o,
and 48b toget ﬂgbtﬁé'g%}?‘é’i@%@&bt’@gh%@-el d. Side shields 50a and 50b s are

provi ded on t Sid trace 40. Side shields 52a and

9
10 BRIEF DESCRIPTION OF THE DRAWINGS

11 Figure 1A is a perspective drawing of a piece of a conventional PCB with the

12 various layers indicated by dotted lines.

13 Figure 1B and 1C are cross section drawings along lines A-A’ and B-B’

14  respectively of the same conventional PCB.

15 Figure 1D-1J are the art work of area E in layers L1-2, L1-2x3, L1-3, L1-3x4,
16 L1-4, L1-4x5 and L1-5 respectively of the PCB shown in Fig. 1 Ato 1C.

17 Figure 2A is a perspective drawing of a part of a PCB according to the

18  present invention with the various layers shown,

19 Figure 2B and 2C are cross section drawings along lines C-C’ and D-D’

20 respectively of the PCB shown in Fig.2A.

21 Figure 2D-2J are the art work of area F in layers L2-2, L2-2x3, L2-3, L2-3x4,

22 L2-4, L2-4x5 and L2-5 respectively of the PCB shown in Fig. 2A to 2C.



52b are provided on the two adjacent sides of trace 42. Side shields 51 a s
and 51 b are provided on adjacent sides of interconnect 44. The sid$ 1sOCT 2002
shi el ds span even in the dielectric interlayers as a continuous wall, as
indicated in Fig.2B. The top, bottom and side shields are joined to forma
s uniformenclosure (i.e. wwth no need for gaps), except for openings (not
shown) provided at desired points, for exanple) where the shiel ded
circuitry 10 connect to another circuitry. 11 Figure 3A-3F show one net hod
of produci ng t RiguuaiFAe8M shevalthe stepsd ofl Dnac nmtildah goft prodineingr aneEMI shield
invention. In this exanple, netallic layers L3-1, L313 2 and L3-3 are shown
to illustrate abeordingns theypresad.invaration. 60 is the 1 a electrical circuitry
to be shielded. For ease of illustration, other traces not 15 directly

rel evant to the present invention are not shown. Metallic layer L3-'1 1 s
and di el ect3 i c FigyrerdA-aF 1show #he stepsrofcanatiensrathed i produeingeanotbea EMI ~
techni ques (Fig.3A). Trenches 62 are then produced by conventional 18
phot ol i t hogt ap$lyielst acegdingttedhegiresgntdnventent wo si des where the side
shields 1 s are desired (Fig.3B). Trace 60 and netal side shields 64,

together with gny 2 her desired tallic pattern not, shown re en
plated ont®th 'gé@ g@g’ic%% eRiepPs Phiet anptp r'??@ﬁ?ﬁfé?f( prRdsIcing ﬁéot%er Et'a'
phot ol i t hography. and 22 el ectroplating (Fig.3C). A second dielectric |ayer
is then spr"eads%ﬁ{doa‘l:%f@&ngz@ the presentfigyentioyer L3-2x3 (Fig.3D). The
dielectric material used is 24 preferably a liquid to facilitate the

filling of Jre remal.nj i,t.hi.0 .2 i s 6
are then fabri EGES § 1> B EneBefie HtauRorar G BheRigPoafoP & aplbfRerTPGRS
above side of trench 62 g . .Side.shields. re.then fabricated 2
as a netal oa???l\ﬁ'"igﬁtﬁﬁ'@ﬁ%ﬁsg'@?ﬁ%ﬁ Wuﬁgﬂeﬁae[l%%r'géy%p%ﬂ “2x3. At the sane
3 time, the netallization pattern for layer L3-3 is plated, including top
metal 4 shigld 70 (Fig.3F). Additional |ayers of dielectric material and
metallic 5 patterns can then be built based on conventional technology. It
is s understood by one skilled in the art that there can be many |layers to
the 7 boardy aDESCRIPTIGNs Ot PHENINNMENTION be applied to create
shielding in s multi-layer circuits. s Figure 4A-F show anot her method of
producing the uniformnetal shield 1 o according to the present_jnvention.
In this exhhpl e, FiguEe2A4) showhan axample Lfia perign ofiia mylti-avees RGBherid
Layer L4-1 and L4-2 are netal |ayers provided on 12 opposing sides of core
| ayer 76. & ouBecerging te the eresentjaverfiprabayioo: aetallized hayarg 13r1« rlade2:74
is etched onto |ayer L4-2 (Fig. 4A). For ease of 14 illustration, other
netal | i zat 1dn p2r3elidsdt midcbgfiiz- ghdofi thesepayers are separaled by Higleekic

| ayers are not shown. Dielectric |layer L4-2x3 is then [ ayered on, and 16
trenches 784 pr cialedal, gehotedastiR-axbowharmp amd o rafey . toathee mefallizedy layer

| ayer 1 ~ L4-2x3, two solid nmetal wall 80 are produced adjacent the
position fos tdireetlyl above andibejow! ibdtaroyasst dhijusteation, qunds tiie-rejevart)tracese
next nmetallic layer L4-3, 1 s containing trace 74 and ground shield 75 are
produced usé ngtebeshi¢ldedand® thepbarrespdriding ahlejding! statatunelszre rejosimdinmtiteal
etching (Fig. 4D). To conplete the 21 side shields, another dielectric

| ayer L4-3x# i intemeatrmetaliived lagges. |h4h, exarrpla? ttacescd® arkP 4@, quravidddbin

| ithography directly above walls 80. Electroplating 23 can agai n be
perforned 49 plfiers 18-BdandiLi2s48del thel elgetricalcifbudtly tiegathaire ZMivshielding.
shield 84. For ease of illustration) other netal traces are not 2s .

i ndi cated. 19 3¥r&¥ds 4002h 42 are electrically connected by solid metallic interconnect
20 44. Ground shield 46a is provided in layer L2-2 directly above trace 40,
21 and ground shield 46b is provided in layer L2-3 and directly above trace

22 42. Ground shields 46a and 46b together act as the top shield. Ground

23 shield 48a is provided in layer L2-4 directly below trace 40, and ground



1l Figures 5A-H shows a further exanple of how the shielding structure 2
according to the present invention may be constructed. In this exarr? $ 06T I?unz
core layer 102 having second and first netallic |layers 104 and 106
respectively on two opposing sides is provided (Fig 5A). Conventional 5

photol i thography, drilling, plating and etching are perforned to provide s
upper trace 108, lower traces 110 and netal coated via 112 (Fig. 5B).

El ectropl ati ng and etching processes are th&n performed to produce two s

[id netalli ' i . b
2 phot or eei bt - SHElt A8A € phOufled Hlayel I EXRICH BUOW UARE A2 SRl BERIGE >
th 1 t f talli . 104
Trace 12 0 4 -38Ad75i hEP PUBHET At FRATT ala ol sl 508ty 2.,
| ated onto, 12 _di ic | 11 di t | l. QLatl d
Gt chi ng (Fid. o85° PISided b ¥l aBay kR & facs Rl o il 524 Y
| ect | at | lid metal 14 |1s,122 th ' t Si f
race 120 14 pERPoARLAIULTHHG ORSne RoST G D O5 EeP 2 A Ao FRIETO S KR  ng
t echnol A dit | | 1 s dielectric | 124 is th I L
e nathis FoaRdohTbSAR ahofoes bR haRSahC o B, kOB
phot ol i t hogr aphy, and pl ati ng to onRIFte,l,s the top shield, 126 for trace
120. 19 The® af SHElEn SPBRcaV X dhphestip|actia /tedeYREs s AcopRITHAUS &l afow
oo SiCT o0 -l TSR T a  S rBl Re Wodd15 670 4°
invention may be applied to 22 conplex electrical circuitry within a PCB.
Fi gure 6 shdws upierneengivsures (ig. Xgthioe nestpios,gans).c exeest for epanings (not
shielding may be provided. In this exanple, 24 electrical circuitry 88,
spanni ng 6 %i f SBPWRA) prawded abdesiredpgints,| fay exampke, orhere theashieldegsincuitsy
L5-8), is shielded by netal shield 90, as shown by the 31 OCT 2002 9 ~
dotted |in&s. renaectdpiasiothe®ircutdtpi es only one area of the PCB, but the 2

remai ni ng portions of the PCB is not shown for ease of illustration.
Crcuitry s 88 s

ns | aye 5-2 to L5-8., The | ayer -Y i.n which the.
var i ous 1ritbes origuig BACEE spougong Beitg b Bredielie, Tha furifbmiomatels Field v)
in Fig.6. e.g. Trace s, 88a is shown with reference nuneral. (4) to.show.that
T ovTaabhointo e ks upBliam Jb taR avama: maalc taers. Larfal'at
outside the shield areas but within ~ the sane PCB are al so_provjded, but
are not shddn Pnapfgl3s3 raye sheundo dusiralestheystens "Wé‘fﬁqig-r'%?ei égplsmﬂl"‘%ied
for connection of trace 93 of circuitry 8 8 s with_another circuitry ( not
shown) withtn elrctdcateCisying to @eﬁ?'ﬁ@edﬂf Farieage of dlushiatip@oRihest tracey ot

connect with another circuitry in another |ayer, or with an 11 outer |ayer
on the PCB15~ girggtinralaeantdadhe mjeservinventiaibaeg Aot shows. Medallis daverdedst bl e
for circuitry that 1 s nornally give EM can now be produced within the
sane boar d1&nd apd jdleie@ﬁpelayerrbgrb&%ha& hiabricatash| aqcerding @i enyantional
shielding is possible at _any 15 position in any layer according to the
needs of the déechyaues Kbig.-3kmnprenches @%sgrebnéem or pregiieed uby t eervantianal
hi gh frequency signals to be printed 1 ~ adjacent and co-axial to each
other and bhe cphptdithigraphy el thser technodegyhon the twh sidegswiereaheiside shialdg
t herebetween. It is clear that all types of PCBs can utilize the nethods
di scl osed her eiane desireéd (kigr8Binhraec@l0 taret medalysidé ahiglds Bd, 2ogetimediwiihcany ons
may be made by one of ordinary skill in the art without 21 departing from
the spirit2andother slesired ofmetdliic i patternso(naleshowbpdare tiderl glaledOftitot dhe
CLAIMS 1 1. Aprinted circuit board conprising an electrical circuitry
adapt ed foe1el geésdribald Dapitivractiooformt tlayaer se8ead ugingct phatalithographiyt rand
said electrical circuitry having a 3 netal shield therearound, said netal
shield forppng e@ed!@plétidgﬁ‘(ﬁﬁsém.sw Seddrid) didigctficabgéit I9 Gdn epreadi bity layer
therein, wherein at |east three sides of said box-like enclosure 5 being at
| east partpgl| 13&2bqsdfaimwlé¢urn_L%aesisbgﬁrg@bo)l_ TheAdrilbéttied ntdteall tudedarid
according to claiml wherein said board conprises a 2 plurality of netallic
| ayers insyat ei@‘atﬂgeé figuld foff?é@htea'thé il %tfw&&ibheéndzs@nﬁiaiair@h@mmhcal
circuitry being a tracte, a group of Interconriected traces wthin tthe sanme 4
metal lic | ayer, . fri r bl iRogigddhn -
nmetallic | gger .m"it%‘f;%g\{'@#fbrf' eyéglltcﬁéﬁi E&ﬁé? egcfggrﬁcéj?thg 'ﬁg&gl alm iévmbﬁelr'gi n
said shield conprises 2 a top shield above said electrical circuitry; 3 a
bottom shield below said electrical circuitry; and 4 side shields on at

. least two opposing sides of said circuitry, said side shield 5 joining said

*% top shield to said bottom shield w thout gaps.

}

o



1 4. . Aprinted circuit board according to claim3 wherein said side shields
are solid 2 netal walls. 1 5. Aprinted circuit board conpri sing ano'imlj ocT 2002
el ectrical circuitry adapted for electrical 2 connection with a sec

electrical circuitry, said electrical circuitry having a 3 netal shield

t herearound, said netal shield at least partially enbedded within the 4

i nterior of said board, wherein said shield conprises: 3 1 OCT 2002 11 5

a top shield above said electrical C|rCU|t?y 6 a bottom shield bel ow said

St a ci roul tr 23 a8de SR8 o erthenbE 115 0, Siap BiRlas B8 FBRESH HbrRisBhom
renches. 4 6 as bt t@s“‘@ﬁl’eﬁcﬁoﬁﬁﬁﬁﬁéieraﬁ%&'a R 3o G B Fame
ot hod of fr ogni ¥ efeBlRRfas Rl o %gn'gﬁ’fjc:ﬁsegF é«ﬁfﬁi" lcieg tenimegl
bot torm ﬁefg{r}l!sblegﬁﬁdf By %ﬁ@hﬁoﬁw‘é{lé@?‘é%r o cATsag Materidl oand: e taliae
Shield in B Il dﬁfea@oace”iﬁrﬁ' o ?n'e{uft?ho%rs §P\Sic§2§é€£§rﬁén” @ﬁfw”gzﬁu.a;

[ d t t sai
i:?iﬁ??";ﬁﬁﬁbﬁ%pﬁg 9 skl ot 3 ngt taprer eafe oo magy Iaveea kpdhe

according to Ia| e nsald step of plating the |ayer of metal in 2
sai d trenc?l CPSQEJVBP% @lﬁ?ﬁn%d?flr@'m%l@ahdieaéléﬁtedsé@ @reatecshielging in

circuitry.' 1 printed circuit board in accordance with claim2 wherein
the diel ecBri @%ﬂ%\)ﬁreﬁ'mﬂ'tw thin the box-1ike shielded enclosure and the
dielectric rraterl al external to the 3 box-like shielded enclosure are

T8 13 o oG A bt ARLEF o ] 0
ggg: 823;? gd g%gg‘“:vd terp'>rcesrenr511tt ﬁ/eﬁ‘hon H%aclexag’mélg Etrgge b,O‘i( is the elecltr?cla ed
circuitry to be shielded. Layer L4-1 and L4-2 are metal layers provided on
12 opposing sides of core layer 76. Ground metal trace 75, acting as bottom
13  shield for trace 74 is etched onto layer L4-2 (Fig. 4A). For ease of
14 illustration, other metallization patterns typically found in PCBs in the various
15 metal layers are not shown. Dielectric layer L4-2x3 is then layered on, and
16 trenches 78 produced using photolithography (Fig. 4B). After curing of layer
17 L4-2x3, two solid metal wall 80 are produced adjacent the position for trace
18 74 using electroplating techniques (Fig. 4C). The next metallic layer L4-3,
19 containing trace 74 and ground shield 75 are produced using conventional
20  photolithography, electroplating and metal etching (Fig. 4D). To complete the
21 side shields, another dielectric layer L4-3x4 is layered onto layer L4-3, and
22 trenches 82 produced by lithography directly above walls 80. Electroplating
23 can again be performed to plate solid walls 83 in layer L4-3x4, together

24 with top shield 84. For ease of illustration, other metal traces are not

25 indicated.



1 11. Aprinted circuit board in accordance with claim 3 wherein the

t hi ckness of 2 the top shield is less than the thickness of either ﬁnﬁﬂ 0
the side shields. 1 12. A printed circuit board in accordance vvithacl p %ﬂ
wherein the thickness of 2 the bottomshield is | ess than the thickness of
either one of the side shields. .Ay. A% A3S. A3nl . Al .A+@.Ay.A y. A@0 Al S. Al @

. A?) >@Y1ACFbs

_gjsx}wlga\VU ca] caU] ca] caU] ca] cal] ca] ca] @a] calcaUlc"a]c"a]cTa] ca]ca]ca]ca

Lo el oheelEPealep b chpeih oping SAaleis ook b Subjdnd, sy .o

cal] ca] calpcal gl ginh CUHeApfstdht invettonahzg & TohdhGed. In this example, a
3 core layer 102 having second and first metallic layers 104 and 106
4 respectively on two opposing sides is provided (Fig.5A). Conventional
5 photolithography, drilling, plating and etching are performed to provide
6 upper trace 108, lower traces 110 and metal coated via 112 (Fig. 5B).
7  Electroplating and etching processes are then performed to produce two
8  solid metallic walls 114 (Fig. 5C). The remaining surfaces are protected by a
9 photoresist according to conventional methods. Dielectric layer 116 is then
10 coated onto the surface of second metallic layer 104 (Fig. 5D). Trace 120
11 and other features of the third metallic layer 118 are then plated onto
12  dielectric layer 116 according to conventional plating and etching (Fig.5E).
13 To complete the EMI shielding for trace 120, electroplating of solid metal
14 walls 122 on the two adjacent sides of trace 120 is performed using
15 conventional photoresist and electroplating technology. An additional
16 dielectric layer 124 is then layered onto third metallic layer 118 (Fig.5C).
17 This is followed by conventional photolithography and plating to complete

18  the top shield 126 for trace 120.

19 The aforementioned examples illustrate the basic principles of how to
20 produce a shield according to the present invention. It is clear to one skilled
21 in the art that the shield according to the present invention may be applied to
22  complex electrical circuitry within a PCB. Figure 6 shows one example of a
23 more complex circuitry in which shielding may be provided. In this example,
24  electrical circuitry 88, spanning 6 different layers of an eight-layer PCB 91

25 (layers L5-1 to L5-8), is shielded by metal shield 90, as shown by the
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normally give EMI can now be produced within the same board and be

14  shield from each other. Complete and uniform shielding is possible at any

15  position in any layer according to the needs of the designer. For example,

16 possible for numerous traces for high frequency signals to be printed

17  adjacent and co-axial to each other and be completely shielded from each

18  other using a side shield therebetween. It is clear that all types of PCBs can

19 utilize the methods disclosed herein. It is contemplated that many changes

20 and modifications may be made by one of ordinary skill in the art without

21 departing from the spirit and the scope of the invention described.
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1 1. A printed circuit board comprising an electrical circuitry adapted for electrical
2 connection with a second electrical circuitry, said electrical circuitry having a
3 metal shield therearound, said metal shield forming a box-like enclosure with the
4 electrical circuitry therein, wherein at least three sides of said box-like enclosure
5 being at least partially embedded within said board.

1 . A printed circuit board according to claim 1 wherein said board comprises a
2 plurality of metallic layers insulated by dielectric material therebetween, and said
3 electrical circuitry being a trace, a group of interconnected traces within the same
4 metallic layer, or a group of interconnected traces in more than one metallic layer.
1 . A printed circuit board according to claim 1 wherein said shield comprises :

2 a top shield above said electrical circuitry;

3 a bottom shield below said electrical circuitry; and

4 side shields on at least two opposing sides of said circuitry, said side shield
5 joining said top shield to said bottom shield without gaps.

1 . A printed circuit board according to claim 3 wherein said side shields are solid
2 metal walls.

1 . A printed circuit board comprising an electrical circuitry adapted for electrical
2 connection with a second electrical circuitry, said electrical circuitry having a
3 metal shield therearound, said metal shield at least partially embedded within the
4 interior of said board, wherein said shield comprises:
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a bottom shield below said electrical circuitry; and

7 side shields on at least two opposing sides of said circuitry, said side shield
8 joining said top shield to said bottom shield without gaps; and
9 wherein said side shields are metal coated trenches.

1 6. A printed circuit board according to claim 2 wherein said shield is completely

2 embedded within said printed circuit board.

1 7. A method of providing electromagnetic shielding for electrical circuitry within a

2 multi-layer printed circuit board comprising:

3 producing a bottom metallic shield in a layer below said circuitry;

4 producing side metallic shields adjacent said circuitry; and

5 producing a top metallic shield in a layer above said circuitry, wherein said
6 step of producing side metallic shields comprises producing trenches adjacent
7 said circuitry; and plating a layer of metal in said trench.

1 8. A method according to claim 7 wherein said step of plating the layer of metal in

2 said trench comprises producing solid walls adjacent said electrical circuitry.

1 9. A printed circuit board in accordance with claim 2 wherein the dielectric material
2 within the box-like shielded enclosure and the dielectric material external to the

3 box-like shielded enclosure are identical.
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3 to the box-like shielded enclosure is epoxy.

1 11. A printed circuit board in accordance with claim 3 wherein the thickness of

2 the top shield is less than the thickness of either one of the side shields.

1 12. A printed circuit board in accordance with claim 3 wherein the thickness of

2 the bottom shield is less than the thickness of either one of the side shields.



