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. Invention This invention. relates to a printed wiring board having a
structure for inproving el ectromagnetic environnental conpatibility
(hereinafter abbreviated to EMC). Wth a recent devel opnment of a digital
techni que, degree of integration of BSI (Large Scale Integrated Circuit)
and density of a printed wiring board have_j,b i ed in recent years,
and operating speed thereof has al so Been Dnﬁﬁggég&hﬁch a hi gh-speed
digital circuit includes a digital signal containing many hi gh-frequency
conponents. Consequent | y’]?RINTEI?WigﬂN’GtB@A!RD ess radioactive noi se due
to unnecessary radiation for a printed wring board having a digital
circuit. Furthernore, since resistance of the printed wiring board agai nst
external noi se has_becone_ |l ogwer due tg the increase in the density and

oper ati ng speedBatk I ANECKAVONEIONS necessary to take neasures for
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connect egdorfp tibilitP Therbinafter3abbreviatedctnBMDat i on lines and a common
E (earth or groundL pin 12. The _pins 13al, bl to I'3an, bn for the

comuni cati on |With arecentdeyedopmentofardigitel techmique;-degreeiof n for
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term nal %pb?‘&%in%sy@éd faeredHha®alsbbesmhencheashd.t he other termnals of

the capacitors 1lbal, bl to | 6an, .bn are con_nectfd to a_salid E (earth)

| ayer 32 illust Sawduaihigh-gpeed digital givcaipancludes andigitabsigmal i nes
14al, 14bl al h ' Fi 2 i m| i .
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noi se Nab generat conmon node noi se Na appe€ars for the

conmuni catadiatiomfor eprinted wirimgboardchavinga digidaheirass. f or t he

conmmuni cati on I'EEpe il4b 1. A ) . ..
urthermore, since resistance of the printed wiring board

against external noise has become lower due to the increase in the
density and operating speed of digital devicés, it is necessary to
take measures for improving noise resistance of a printed wiring
board.

In order to improve EMC of such digital devices and
circuit, a common mode choke conventionally has been mounted
onto the printed wiring board.

In Fig. 1, a reference numeral 11denotes a LSI. The LSI
has circuit blocks CB1-CBn which are connected to pins 13al, bl
to 13an, bn for communication lines and a common E (earth or
ground) pin 12.

The pins 13al, bl to 13an, bn for the communication lines
are connected to common mode chokes 15-1 to 15-n for preventing
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Under this circunstance a conmmon node current |a passing through the
. communi cation line 14al flows along a path which takes a round via the
common node choke 15-1, capacitor 16al, solid E layer 32 and commruni cati on

pin 13al. Thereby, the comon node cyrent la.g ra magnetic flux ~ a.
In the neantine, a conmon node curre I b pdiﬂiﬁﬁthé@ﬁah t he conmuni cati on

line 14b 1 flows along a path which takes a round via the conmon node choke

15-1, c i Q | ds Leats y 21 :

Ther eby. CopnERHEREe pRIC TiF ShP BB HOHBRE ST M R0y 1,
units ofppmagnetic flux ~ a, ~ b generate in the reverse directions to each
other, ~ a, ~ b offset each other. In consequence, the commobn node noi ses
Na, Nb attenuat@apiacitarselBal, b1 tb 16am\br ingvhighdireghencyrmon node
noi ses at_ the ternmpnals 17al, 17b Iomeang.(ﬁé;described.ab ve, expensive
common neharaptadstiesare,consegted topprtaens afdtha commmatcatiathmon node

no1 s o ois Bh6lEn Bhé BorlpAelGob A, FROLWR 1515 BBIFLCY, B el
whi ch'i st6apaBhes I7:5LAPT 4851 TACBRTO NORDHRe Bthee HAAHOYho UthaG: expensi ve

parts, such as, comod nobde chokes as EMC i nproving deVices. Summary
Accor di ngerminalaofdhie cdpabitops d6xil, bhteri6am, bhtemreconnpctod doch a

printed w[in oar conprjsing: a groundinhg layer; an insulating |ayer

whi ch i s8 Qaa‘tghéage@s&%ﬂﬁyst , m(ﬂ?)lm?er nwired layer which is
formed on the i | ati | aver o and | [4:Qf | cat | jines, whi ch are
provi ded on thegg&“?‘égﬁg%pl%g qfd‘y’ &ﬁi@%ﬁ&ﬁﬁgﬁﬁ@ewﬁlﬁlﬁgma sl ot t ed
portion whi ' s i ' ' BBURL ' ' sai d
ot tod perghomblE ElEs 2 SHAE CBMMAT Holh AT eIty ad

comuni cather domasunichtion inbsgr Referencemumieral-Neb hethesame d pair
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portion ebmiich ghedadisise Neeappedrs fotitheotorrthamichtiopnliaet 14gl1t erm nal s
of the printed wiring board, sald_pair of external connecting termnals

bei ng conrdtesepmanen; masta notge Nbrgenearatesforithescommunieations pair of
capacitOﬂﬁ bﬁkgg%connected to each of said pair of comrunication |ines at
one term , h of said pair of capacitors being coupled to the

grounding 1 ayer Undef this eitiumetanth, hittriiéh hee ddtred pd er abl y, the

through hole is provi in the |nsulat|n% | ayer. e comruni cation |ines
can be cpassingdthmughitheucomrmuaridcaticanline ddadtBows along a path

i nt t ed, ci it, bei d th i nt i 1 b d. 01 N
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¥ owi g A64 SEATARTErYS AP cofig A A BIRCTRY, Miffedety o
enbodi netheoéoitaor hivde! cuirkent lacgederatsy magnétictitexpigegaent invention;
In the meantime, a common mode current Ib passing

through the communication line 14b1 flows along a path which
takes a round via the common mode choke 15-1, capacitor 16b1,
solid E layer 32 and communication pin 13bl. Thereby, the
common mode current Ib generates magnetic flux ¢b.

Since the units of magnetic flux ¢ a, éb generate in the
reverse directions to each othex, ¢ a, ¢ b offset each other. In
consequence, the common mode noises Na, Nb attenuate with the



Fig. 4 illustrates common node currents flowng in the enbodi rent of the
~printed wiring board; Fig. b is a schematic diagram describing the

intensity of an el ectromagnetic wave ochrUnENevg Ugoop currents shown
in Fig. 4, Fig. 6 illustrates magnetic flux~ occulri ue to the | oop

currents shown in Fig. 4, Fig. 7 shows two pairs of signal I|ines print

wi red adj alewels pfthesomarin modherisesrit thedeningls ddahilrbhlpvssimed of Fig. 3, and
conmon node curr e i.d- L [ urr i due to
t he conmon node %g?%ecﬁg é'éj%lfdv i%’&’el}%lb%\?\&n&rﬁggg}o@%{;&%ﬁ S;rt“’LSkeH%1rl§e)e(sae(r)1tsul?pggsénti on
wi [l now bihedesardnbedf vérhinoh @iclieanie of thetdigital cavwiingsd to imprdre IMICNn @¢ ~Dn~

Fig. 3is a drcﬁvw'.ng show ng ‘in enbodi nent of the printed wiring board
accor di ng FHEhFIHFLdRe Poidnti on, Referring to this drawing, the el enents

comon to the rehaleeduridfoRldxitie@ phb¥ilO 8 pHAREA Witihg BSirt aReh isRafdtle ol are
desi gnated by the sanme reference nunerals, and therefore, a description
t her eof wi $UPPERSSIBECOMEPN IFPQE n@se Wishailt BpBE crpAeivalparts Gudh 35 cammyn deaiist e

slotted pog (]ikgpgs égiclgéﬁég{@g%gwcgsqns) provided in a solid E | ayer 32. The

slotted portions n are provided so that they are positioned
under paired print-wired conmunication lines 14al, bl to | 4an, and bn. Fig.
4B iIIustrgt es common node currents 20al, bl flow ng al ong the

comuni cat aes 14al, bl and conmmon node currents 21al, bl flowing

through the sol !Ac&)rhﬁaﬁetro 2 aspeRfBf AP ptBentt AvEMRNOURGE iPPréEdQf a printed
comuni cation lines. Therefore, the relative description will be omtted.

In Fig. 4AVIERERaEd.c@Mprisingg board 100 is formed by |aminating a

pattern-w red | ayef, 3038 ephi ch a pattern wire and parts are provided , an
iﬁsul ating | ayer glou anllg gyes’ol id Elayer 32. Wth such a structure, the
communi cat i on | i aeintdlating faypr whichwi fosaiednn theezrpurtding laye; r ed | ayer 30.

Further, a capacj tor 16q1dils connect %d ta tl’l con ni f:atli,on line 14al, and
is coupled to t ha PRI ¢ I?ﬁfér R e gﬁdﬁ%?% ek ’3fldt he insul ating
| ayer 31 at the abhigoftenmuihtudhignedafhicl avetphivddeiasethe hgerfi ATadNaat i on
line 14b 1 and asz?ig %?OCLEntci%rg layer having a slotted portion which is positioned under said pair
of communication lines, said slotted portion having a length shorter than that of said pair
of communication lines and a width greater than a distance between said pair of
communication lines, a pair of side walls of said slotted portion being positioned on
outsides of said pair of communication lines when said printed wiring board 1s seen from
above;
said printed wiring board further comprising:
a pair of capacitors which are provided between the slotted portion of said
grounding layer and a pair of external connecting terminals of the printed wiring board,
said pair of external connecting terminals being connected to said pair of communication
lines, each of said pair of capacitors being connected to each of said pair of
communication lines at one terminal, each of said pair of capacitors being coupled to the
grounding layer via a through hole at the other terminal.
Preferably, the through hole is provided in the insulating layer. The

communication lines can be connected to a circuit block in an integrated circuit, the

integrated circuit, being arranged on the printed wiring board.



16b1 are al so connected in the sane manner. In Fig. 4B, the comon node
currents 20al, bl flow along the paths illustrated in the sane draw ng, and
formloop currents with currents 21 @l, b 1 flowi ng through the solid E

| ayer 32 which 01 NO V 2002 are positioned just under the comunication
lines 14al, bl. Fig. 6 is a schematic $i mdml bing intensity of

el ectromagneti c wave occurring when th currents 20a 1, b 1
slow. The intensity E of the el ectronagnetic wave in a position spaced by a
di stance (d) fromthe center of a |loop area S forned by a frequency (f) and
acurrent | is defined as follows. E = K x (SxIxf~/d) s~,x~ A wherein S
represents an area (n2) of a current loop, f a loop current value (A, (f)’
a frequency (Hz) of the current |loop, (d) a distance (n) fromthe center of
the current loop, a a radiation angle (rad) with respect to a Z-axis of the
el ectromagneti c wave, and K a constant. Accordingly, the area S, current |
and frequency (f) nust be reduced, and the distance (d) nust be increased
in order to reduce the intensity of unnecessary radiation due to one | oop
current. However, | ow.adj acently to each other in the

sl otted porti oRIIL L CSCEHIEAQNe pk i) l»"-=1?’nagnet|c waves having the same

Ther ef or & °CC§F5%2AD4F9¢%§§@%M%4% oSt BoeD Rt (FYHE oy trea.
Fig. 6 b §¥oarregwtt)ng illustrating magnetic flux occurring due to | oop

currents t he common node currents 20a 1, b 1 Mowing_ in the
communi cat i on aneg ﬂhmtratesbommmmenodmmmn&xﬁ@ Bowimg nzhe 1, b 1

Bomnng throu a t he so er 32. Deferring to the drawi ng, the | oop
cur r ent P ﬁ‘g VSF% E&dﬁlﬂ)‘ currents 20al, 2lal generates magnetic

flux 40al int S t ' t hr ough
01 N Ov 10~1~ P‘ig sgﬁl‘gé‘g%l%é& f%ﬂgéﬁéﬁaé&tgeggg t]i?lc %fiuw however ,
this  board according to the present invention;

Fig. 4 illustrates common mode currents flowing in the

embodiment of the printed wiring board;

Fig. b is a schematic diagram describing the intensity of
an electromagnetic wave occurring due to loop currents shown in
Fig. 4;

Fig. 6 illustrates magnetic flux occurring due to the loop
currents shown in Fig. 4;

Fig. 7 shows two pairs of signal lines print wired
adjacently to each other on the printed wiring board of Fig. 3, and
common mode currents; and

Fig. 8 illustrates magnetic flux occurring due to the
common mode currents of Fig. 7.

I 0t f Preferred Embodi :
An embodiment of the present invention will now be
described with reference to the drawings.



magnetic flux passes through the solid E |ayer 32. Therefore, this magnetic
_flux is shielded by the solid E layer 32 and attenuated or decayed.

Thereby, the intensity thereof is |owereg. Coﬁb‘]aq\jé)v IZO zhe magneti c fl ux
generated by the loop currents 20al, 2lal is constituted mainly by the
magnetic flux 40a7. occurring in the slotted portion 10-1. Magnetic fl ux
40bl, 47.bl geneFig % is e tdnvisgnshowimhan emsbedimenio védhe brvged dwgngob@rdoop

current forped,b 2
et ¢ PR 1§ e SR R VER G S WEEANE SR Pepvilal e ISV LomtB o 4
| ayer 32. Mg selates Ukt priite vm‘ﬂlggelidaﬁd ﬁlllumamdcmrmigng greeddstpriatédsby ke sae r ent

is mainly constltuted by he nmagnetic, f] ux enerating the slotted
portions 10efgrenes peraerals; %‘El therg s adl?éﬂ?ﬁtioﬁéh?rﬁ‘?f‘f’wg’ fli cation Iines

14al, bl axe equgig @ore@@f&%e%%ammq tsmm'aend‘fp%ne&gmm (#Q@dove20bl axe
equal to each ot her and the magnetic flux 40al enerated by the

currents i porioss) rquided iros sxkishE eypied2. ﬁhﬁeslfaitqdemm(ziﬁsloot tot Hen peegrevided 8¢ ux
40al, 40b1 ite t ach
S0nL, 00T oBRER 0 AR 08 b RRACRRY LR Ritul PR 8B
magneti c f hh&bdOal, 40b1 of fsets or cancel s each ot her and has the sane

effect as that obtained when the magnetic fl curring due to

t he conmon node g ﬂBSt‘iat‘&ch%‘E‘gl ‘BP‘?%%E?@FS?E)@&C@ g?‘ﬁ’éllg a(felf’rﬁ‘g‘ causes the
common ”Dd%oﬁﬁhﬁ’ﬁcah@f{ Ghed Qiall OW©4nd chiEndAEa clrfinkBNG b PHowid tBrddlsh ARONEt i C
flux in a case where two pairs of conmmunication |ines are arrange

adj acent | y selid Bdeyer 32 hSpmajapplias davhiseotips peirs olerpmmungcatioq lings zdberefirg, the
illustrate C nged conmmuni cation |lines 14al, bl and
14a2, b2, %18@#—5&@0@1% g’g&gbi?@g&eﬂagnetl c flux occurring due to a | oop
current £l ow ng i[mF@éh g primted worng boerd iLO@is fEub@bbmhntlhgungcbe;smerrermh will

be made ab t ual fluence .of the magneti its,of the
commun; cat THET PRoviiFE o aRBR Gatt sty FacE A wovided s itinfUR o Hhet e 3R ce 1o
Figs. 7 andold EllayerBg. 8, the slotted portions 10-1 and 10-2 are provided
so as to be spaced fromeach other by a distance D . Magnetic flux 40b 1
generat es by t he YWEihiish arduetues thesommubcationdieddal s mamtayirgdpn ﬂgﬁaﬁtﬁ%

portion (OR;v&rdQQ?’& 3©0thﬁé} )a é&ba@xt&ﬂ&b id &nﬁ&’dté’&&‘ﬂhe E&nﬁﬁ%w%h@ﬁ figdigartion
10-2. Magnetic occurring due to the conmon node current 21b 1

i s attenuated lwup@dtt%énesqqhé Fdpyry 38M2e%thr@#gmhvée 3pf Gemulgfiag laer 38 at

ment i oned REAHERbE iy 10k Ec fdafioh Hie £ On the
si de of thzﬁ)eg g%rttgg'ﬂ o?t ?ﬂgn 18- @ \/\%Se ‘E‘ i's a aé‘ecr)lli1 to ?ﬁe s({%%%ﬂg@ portion
10-1, nagndbbt afelalso o@@a@ctqueh@saemmmrcurrent 20a2, and magnetic fl ux
41a2 (not. shown) gencrgt s by..0, CHEKENLcR a1 A SRYERS part 08

in the same drawing, and form loop currents with currents 21al, bl flowing through the

solid E layer 32 which



portions 10-1, 10-2 beconmes short, magnetic flux 41bl, 41a2 its cancelled
to each other in the opposite, directions. In consequence, a difference
occurs between the sum of an attenuation anount based on the offsetting of
the units of magnetic flux 41b1l, 41a%éeach ot her and an attenuati on anmount
based upon the shielding effect of th sol[jpl ﬁp\pmzsz and an attenuation
anount based upon the shielding effect al one of the 9 01 NOV 2002

coturs varadihstiihedifist Sridé 4 cofiffuicdtion lihes JNORLS o LT Enee
magnetic flux 4phd. 5 iand sthenvdfisaliaignanadesvribiine intensityhef di stance Dis

i ncreased to such a |evel that does not cause the magnetic tux 41bl, 4la2
to give ehéctwommagnptic wacte octierringewthen khestoinamapngneteecaremtshe solid
E | ayer. Ihﬁrilﬁ/’ the units of magnetic flux 40al, 40bl and 40a2, 40b2

of fset ol flown ot her, and a conmon node noi se can be suppressed. In

e op it ! a n . PP
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capaci t ogpaceld b%‘ 2lsstarss (@) from the centercofrmdoopharew S foxmed kiye

hi gh-frequency characteristics of the (i)arts used so as to heighten the

noi se resi fregruency (Hhandi ayicuarent ddsi definednas folewmnds to the capacity
t hereof . According 4.0 ent invention, EMC can be inproved by a
pattern desi gnihﬁ"&@&’&é ¥R % slotted structure is provided in a
groundi ng | ayer _w t hout qusl LV 2 V.0 aresult,
an econom cal p”%é%%ﬁrf%%ﬁg%ﬁ%ﬁgﬁﬁgpgédéu%‘ér@‘rehgbps‘fg?t ed

struct ur §ohd A emeFalt t ' ' uehe nan node
chokes, ?ﬁgﬁr el 1abi | |fam%g§i‘2gy§ gﬁ‘g{‘é}%‘?’: gltjllztg%rfoﬁ}ﬁ gd pr]iaﬁl;%gpw ring board
éom ¢o

can be ermhdistehce (m)l mer-abthevanrrest dopp)epal@diationpri nt ed
iring b , i $j,NQ: di,ng_| - i psul ating.! whi ch i
formed ofule Gaswib espert 1 b axis ohthepleshamagnatic #¥ened on t he

i nsul at i ; part of communication |lines which are provided on
t he patter%ﬁa%?‘%ﬁoﬁgg%ﬁ?' said grounding |layer having a slotted portion

which is positi axedrdiggly, tligapea’S,dunenthiacal Hreyuenes (Hemiubts! ot t ed
portion having a |l ength shorter than that Qf said palj,K of comrunication
li nes andaeraﬁmcadgmdéhetwataacei(doan@@tt}a wmereasgdiin grdegrto

i cati | i ' f.sid |l . Sai I ' bei
osi t1 ondiPC the e of rpRs e AT it Be b B “cai
printed Vighightoard is seen from above; said printed wiring board further
conpri si ng:

However, two loop currents flow adjacently to each other
in the slotted portion 10-1. Consequently, electro-magnetic
waves having the same intensity occur in the reverse directions
and offset or cancel each other. Therefore, the common mode
current having a certain level is permitted.

Fig. 6 is a drawing illustrating magnetic flux occurring
due to loop currents formed by the common mode currents 20al,
b1l flowing in the communication lines 14al, b1l and the coramon
mode currents 21al, bl flowing through the solid E layer 32.

Referring to the drawing, the loop current formed by the
common mode currents 20al, 21al generates magnetic flux 40al
in the slotted portion 10-1. The current 21al flowing through



a pair of capacitors which are provided between the slotted portion of said
grounding | ayer and a pair of external connecting termnals of the printed
wiring board, said pair of external connecting term nals being connected to

said pair of communication lines, each of c@gm gwlm capacitors being
| |

connected to each of said pair of conmmuni at one term nal, each
of said pair of capacitors being coupled to the grounding |ayer via a

through mg%oqid!E" Ps&%&ga};@féesls gticrflas 414100 Hewebeasthigi med in

aim | ereln e thro rovided in the insul atlng | ayer. 3.
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generating the slotted portions 10-1.

Since noise levels occurring for the communication lines
14al, bl are equal to each other, the common mode currents 20al,
20b1 are equal to each other, and the magnetic flux 40al, 40bl
generated by the currents is also equal to each other.

The directions of the magnetic flux 40al, 40b1 passing
through the.slotted portion 10-1 is opposite to each other, and the
levels of the same magnetic flux are equal. Therefore, the
magnetic flux 40a1, 40bl offsets or cancels each other, and has the
same effect as that obtained when the magnetic flux ¢a, ¢b
occurring due to the common mode choke 15-1 offsets or cancels
each other. This causes the common mode noise level to lower.

The mutual influence of units of magnetic flux in a case
where two pairs of communication lines are arranged adjacently
to each other will now be described.
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influence of the magnetic flux when two units of the
communication lines are arranged adjacent to each other with
reference to Figs. 7 and 8.

In Fig. 8, the slotted portions 10-1 and 10-2 are provided
so as to be spaced from each other by a distance D. Magnetic
flux 40b1 generates by the common mode current 20b1 on the side
of the slotted portion (or groove portion) 10-1 which is adjacent to
the slotted portion 10-2.

Magnetic flux 41b1 occurring due to the common mode
current 21bl is attenuated by to the shielding effect of the solid E
layer 32 as mentioned above. Consequently, only the magnetic
flux 40b1 remains.

On the side of the slotted portion 10-2 which is adjacent to
the slotted portion 10-1, magnetic flux 40a2 generates by a
current 2022, and magnetic flux 41a2 (not shown) generates by a
current 21a2.

In this event, when the distance between the slotted
portions 10-1, 10-2 becomes short, magnetic flux 41b1, 41a2 is
cancelled to each other in the opposite directions. In
consequence, a difference occurs between the sum of an
attenuation amount based on the offsetting of the units of
magnetic flux 41b1, 41a2 each other and an attenuation amount
based upon the shielding effect of the solid E layer 32, and an
attenuation amount based upon the shielding effect alone of the
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magnetic flux 40b1, and the offsetting amounts decrease.

The distance D is increased to such a level that does not
cause the magnetic flux 41b1, 41a2 to give influence upon each
other due to the shielding effect of the solid E layer. Thereby,
the units of magnetic flux 40al, 40bl and 40a2, 40b2 offset or
cancel each other, and a common mode noise can be suppressed.

In the above embodiment, a printed wiring board using
capacitors having high-frequency characteristics has been
described. Instead of the capacitors, it is also possible to hold in
common the portion of the high-frequency characteristics of the
parts used so as to heighten the noise resistance of the digital
circuit which corresponds to the capacity thereof.

According to the present invention, EMC can be improved
by a pattern designing method in which a slotted structure is
provided in a grounding layer without using expensive EMC
improving parts. As a result, an economical printed wiring
board can be obtained.

Since a slotted structure is employed without using
electric parts, such as, common mode chokes, the reliability of the
digital circuit-mounted printed wiring board can be enhanced.
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a pawr of communication lines which are provided on the pattern wired layer;

said grounding layer having a slotted portion which 1s positioned under said pair
of communication lines, said slotted portion having a length shorter than that of said pair
of communication lines and a width greater than a distance between said pair of
communication lines, a pair of side walls of said slotted portion being positioned on
outsides of said pair of communication lines when said printed wiring board 1s seen from

: above;

said printed wiring board further comprising:

a pair of capacitors which are provided between the slotted portion of said
grounding layer and a pair of external connecting terminals of the printed wiring board,
said pair of external connecting terminals being connected to said pair of communication
lines, each of said pair of capacitors being connected to each of said pair of
communication lines at one terminal, each of said pair of capacitors being coupled to the

grounding layer via a through hole at the other terminal

2. A printed wiring board as claimed in claim 1, wherein:

the through hole is provided in the msulating layer.

3. A printed wiring board as claimed in claim [, wherein:
the communication lines are connected to a circuit block in an integrated circuit,

the integrated circuit being arranged on the printed wiring board.



