;. e3e@Dlyw ' , n 31 JA N 2003 i ~r~~~mami~~ew~~~ Non-Circul a r \ﬂ
5 Technical Field ~o This invention relates to Printed Circuit Bo‘rjAcN 0603
(PCBs) and particularly to mcro-via plated through hole interconnect and
shielding structures for PCBs and the nethod for creating s m cr o-

and shi el ding structures. Background Art ~5 It is al ways the go%‘“\ “mmmm“\mm
design to increase the functionality and conponent capacity. Al

the inception of PCB' s, engineers have striven to add nore and nore «iesi66*
functionality and hence nore interconnect traces. These traces go from side

to side and fromlayer to layer and in this way formthe interc

bet ween the "active" electronic elenments. The PCB 20 has througmwmmm,W"””Imm
lifetime been made fromnmany alternate materials and processes.

common material being a glcﬂss e %G ed mnate,. Wwth the PCB bUI

bei ng of a single sided, Ne u kOr ed (nore than 2

| ayers) configuration. The interconnect rredl um between | ayers are created
by dril ling with mechanical drill through the |ayers of the PCB 25 exposing
t he copper interconnect |ands on the individual |ayers The PCB is then

passed through a plating solution and the various |layers are connected 1
31 JAN 2003 by plated or deposited copper fornmed on the interior surface of

t he drllle’i &Bmegrﬁgj‘e This drilled plated barrel of inter |ayer

i nt erconnec I's ca ‘via". The nost obvious physical attribute is that
the via is round when viewed fromthe top or bottomside. This is caused by
"drilling". DriThisrigverticnyeiatesioPrintechirneuit Boaads §3CBs) sndpanticularyul ar

hole to be created. Drilling of holes is carried out on a drilling machine

that dril lte misro\gicaplated tHrougia hokeintgrconhectaaridoshielirig sPLELESs fur RUBS
around its centerline cutting away material about the centerline to create

the round g e Gld foP tRsating Cuini?8- s Bndlshldidihg s#RRNREsCUL ting. ~o

Background Art

15 It is always the goal in PCB design to increase the functionality and
component capacity. Almost since the inception of PCB's, engineers have
striven to add more and more functionality and hence more interconnect
traces. These traces go from side to side and from layer to layer and in this
way form the interconnect between the "active" electronic elements. The PCB

20 has throughout its lifetime been made from many alternate materials and
processes. The most common material being a glass epoxy based laminate,
with the PCB builds being of a single sided, double sided or a multilayered
(more than 2 layers) configuration. The interconnect medium between layers
are created by drilling with mechanical drill through the layers of the PCB

25 exposing the copper interconnect lands on the individual layers The PCB is

then passed through a plating solution and the various layers are connected



As nentioned previously nore and nore interconnect traces have qunpU%N zgoa
required as circuit and hence PCB conplexity increased. This of u h

led to a decrease in size of the vias and an increase in their nunber. The
new smaller vias are called "mcro vias" and are typically of a blind
nature. Blind ~5 vias are vias that do not pass conpletely through the PCB,
but stop at sone predeterm ned | ayer depth. The snaller via size is

required due to an increase in trace density which reduces the points on a
given | ayer where a term nal interconnect |and can be positioned such that
it aligns wplated andepositstbtdigrerifasmeed ohtthe iteriot sufface ot thenditilied r aces
there between. |f cross-sectional real 20 estate that a via occupies is

reduced, thﬁrcﬁ@h‘ 1, t‘lﬁﬂé‘ﬁi‘iuéé lé‘tedib%nie?ogﬁt?rl iléﬁ/g?‘ erc!dﬂ%&?fs’cféll!%% éjlecrease

myvia size has 'neant that the chani cal of mcro vial is al nobst

conmer ci al l,y. exti nct . ra | ter [ have sprung up nane|y
Caser abi at Vi A BesCRas sPveRa BrlRedF B Ee VB SREH T EVER 200
el ectrochenical reaction to either |aser I|i %gltncp_ul sing or the plasnma
process. | trqm thetomor hettpmgsidet iThis isrcayseedys drilingey drilling halgsorewgh i ke
manner renoves away naterial around a centerline. 5 Ablation enulates
mechani 6al ldmindte mgubgs @ reandroy circatesinodd ko beioreatedr Drilling afiholesvigr et hod

is used. This ablated round hole is often described as "drilling" because
of renoval Qfrif@oet bAla 49K rfadiifé Mdtidifis 8 "HhR" emBthAhicbPadlige
drilling. This round hole has performance | evel based around the creation

Cest st ance RAAE P enRe BRERERS ealfRA et ¥R FRIRE SBARE R it ance

than a through hol e because it has shorter length to the barrel of the via)
but its curGeBRripgale wrertedhpaevny casEsulapholgs: g?“%é@%@f@r%'”dﬁéw@t%fr and
hence the circunference of the hole remains the sane. Therefore, the
current carauflimgy capacity of a via is dependent on the circunferencial

|l ength and the ~ 5 conducting nmedi umthi ckness at the point of

i ntercggnection between the trace |land and the via. There are several
problenms with the conventional circular profile mcro via. For exanple,

when densely popN$ ﬂ-ﬁ&ﬂiorﬁ'éht ' Sl’%@é’r'ﬁ%a@# gw?&gihfe‘?f&ﬁﬁ%%cégyha{\)fg %ﬂan

enor mous amount ‘OF T HCES “an. conne rcurar vias ma

limting feature if the via js to oid traces or conpgpents when extendi ng
thr ough- mulTEABIed B%QRLitAng fisace PE EoBRIeKIt " aPased o4 IS Beeausse K138i r cul ar
hole. Also, the current carrying capaci tJ of circular vias are |limted
because curledit® a decrease in size of the vias and an increase in their number. The new

smaller vias are called "micro vias" and are typically of a blind nature. Blind

15 vias are vias that do not pass completely through the PCB, but stop at some
predetermined layer depth. The smaller via size is required due to an increase
in trace density which reduces the points on a given layer where a terminal
interconnect land can be positioned such that it aligns with a land on another
layer without interference with traces there between. [f cross-sectional real

20 estate that a via occupies is reduced, the ability to utilize a via is more likely.
However, the decrease in via size has meant that the mechanical drilling of
micro vias is almost commercially extinct. Several alternate processes have

sprung up namely laser ablation and plasma ablation. Material ablation is an



3 31 JAN 2003 carrying capacity of a viais a factor of circu r
t hi ckness of the plating applied to the inner wall. This factorgfafs‘jﬁwm

effects the ability to have multiple traces on a single |ayer to connect up
to the sane via because the distance between the contact points are too
short thus exceeding the current s carrying capacity of the via at those
points or the interconnect density at a given |and or PCB | ayer.
Conventional standard circular profile mcro vias also have a
characteristic inductance property due to the spiral nature of the circular

via which gfdct@etheiital ebactiarot ity |aSemight puleny bAtHepldskriagrdcesan It
i nductance. The inductance characteristic tends to sl ow down signal speed

and i ncr eac%,en&oé Eﬁtnﬁp%&%' cﬁ‘ 61:!rb& ss. TABRAOEr reég)'l&?or{ n'ﬁ"’ﬁkeCrﬁQnHQrsFérﬁNesbe

categorized as a 0-Vi a een utiliz on non-organi c silicone based

sem - conduct or devi CF onnect..t wo conductive |l ayers separated by an
i nsul at i on@V2y &patRAig grquﬁ@§ﬁgﬂ {eLliN%n ~ 5 | ayer has a contact through hol e
whi ch exposes a portion of the two conductive surfaces. This through hole

enbodi ment i s where one conductive |ayer continuously extends down through
the through-hole thereby electrically connecting the two |ayers. The

sem - copduct or Whiaticcbmalatgy niechanich! Gfidingriy ereating @ basicalgnciecudadi f f er ent
structure, however it is worth nmentioning when 20 discussing via technol ogy

(electri Caholé\ﬁﬁfsﬁ%@@ﬁ&b& 1 hddc? | Tigis b"léléell‘e{]na%fe)lsfd?f Q58 IRSSS
Wth a semco y

uctor via the first conductive layer actua conforns to

the wall s .he, t hrou oI e and, cont i ver osed..area of the
second | ayeq rill t?%c rrﬁmfsyag8%?5&?”%@9“@3&&”&%@3%@9 ré%?eﬁheftgfrﬂl ng 4

31 J A N 2003 what may be described as a blind via. However the rocess of
f or m ng thM'QTOaW?@'@iﬁQ ef BistropPdmole prd pesermarse lavel based araunditheanay
about a centerline and there is no plating structure. s In this

sem - conductematioexafreptauricher ¢incuwagshdpe kolesnaimelye dumenhcarrgiogtdapaaityon of a
first conductive |ayer of the sem -conductor into the through hole. The

t hr oughy hol&sistahes didendlietanzed FfdPrexéﬁmléC QBled Ol Kisa Wigedinbligtanckr om
through holes or mcro vias utilized for printed circuit boards. First,

mcro vi astﬂa‘?{ a RAUGRhdiL behls@ AU sHIHET IGRRRTE thé bBHHET 8t tevi8l b Feui t

trace ter

its current carrying capacity does not alter because the diameter and hence

the circumference of the hole remains the same. Therefore, the current

carrying capacity of a via is dependent on the circumferencial length and the
15  conducting medium thickness at the point of interconnection between the trace

land and the via.

There are several problems with the conventional circular profile micro-
via. For example, when densely populated multi-layer PCBs are utilized there
20 are an enormous amount of traces and interconnects. Circular vias may be a
limiting feature if the via is to avoid traces or components when extending
through multiple layers because of the cutting area required for a circular hole.

Also, the current carrying capacity of circular vias are limited because current



| ands or pads by transcending through and exposing themto an Et‘eMN 2003
‘conductive plating, whereas the sem conductor through hole struttlu S

that of a hole through an insulation Layer that separates two | ayers of
conductive nedia. The interconnection is established by continuously
extendi ng one conductive nedia |ayer through the through hol e establishing
contact with the ~ 5 second |ayer. Establishing a plurality of

i nterconnections to a node created by a via ~s not the objective in the
sem conductor environment as it is with printed circuit board vias. The
speci fi ¢ icaindngwapaeigyar a visoissefacterosfdactwnfersnee apddhiskness af tHeai | ure 20
of the via structure due to thermal and other stresses particularly in the

area arQUI‘Matirh@apFne@fto tHeeinpReWalg THis fawot Aisesffediot® abilliystol fsaviher e t he
conductive nmedia | ayer begins to extend through the through hole and

failures gRGHpIPRSALESN'd shaieayblloofidl baing RanPdbidayes thends 1o be

t hi nner. emis concentration o resses in

smal | area, Wiereas, with printed circuit bqar the issue with vias is the
Gensi ty ordistRBce Hatesh tae EPaRt Bofts S for S Brus Sraskiinadie furiedapaci 1y
and better voltage drop. 5 Disclosure of the Invention It is in view of the
above pJr obtasrng Bapaciheobineséa @t thesenpeiots eitbedbtascaprert densitha@t envent i on

t hus has as an object to provide additional current carrying capacity for a

via and r egluer laridsor POBlagec eCohagniddreal istdridard Idircutar Prefleahices vigf alkbi S
invention to provide vias that can physically avoid traces and conponents

for densel rY%\féOQHhQFﬂeﬁHHihHhEtahE@‘b‘?oﬁé’r’& bub 3 He Qgir?éldr%tu@ of fheftl SO an

object of this invention to connect traces on two nore 1ayers that are

not ~5 vertically in.line. It is also the object of.this invention to
reduce ino‘ﬂECt”Z?fc\éaH‘fr}"f:'ﬁ@%Ft&.th?ﬁée?tm%\fvéw& itQFiVé%r?%g'réﬂ)B\/@nobj ects by
providing a non-circular via and a nethod for cutting away material about a
cent er | i nénflgetagcaonng induetance eharacteusticienss todowrepwoasignalgnead ng t he
non-circular via will be by cutting or renmoving nmaterial away about a

cent eroi neavd ircreag® nosesusoeptilibtyl aser abl ation or plasma abl ation. This
type of cutting away of material about a centerline is sonetines referred
to as ablation of material as noted above and 6

Through holes that can possibly be categorized as a Micro-via have
been utilized on non-organic silicone based semi-conductor devices to connect
two conductive layers separated by an insulation layer where the insulation

15 layer has a contact through hole which exposes a portion of the two conductive
surfaces. This through hole embodiment is where one conductive layer
continuously extends down through the through-hole thereby electrically
connecting the two layers. The semi-conductor via technology has a different
purpose and hence a different structure, however it is worth mentioning when

20 discussing via technology (electrical interconnection utilizing a through hole)
for completeness. With a semiconductor via the first conductive fayer actually
conforms to the walls of the through hole and continues over the exposed area

of the second layer and in continuous contact with said second layer forming



31 J AN 200 allows |ateral novenent to effect noncircular patterns. This
invention utilizes this noncircular approach in three forns, cogmﬁgwhj?
circle or a square, an extended elongated via up to three tinesvt 2003
dianeter in depth and a trenched via. The convoluted circle or non-circular
viais a Profile Power Mcro-via. 5 The Profile via has any shape ot her
than round or circular to create an increased length in circunference over
a round or circular format. The Profile via can have a non-circul ar wave
form shape centered on the circunference or pitch circle diameter or an

irregul ar whapmai/tss descriteid Saaetingivid hBowevBetHY poicess biforfringthd\vigr ee
Dianeter via or a 1-3D via is a through hol e having two 1o conponent

D ameter v 3D viais athrough hol'e hay ponent
i nor i mae e & or & S Whel BN Sy e an B KefiRlind Sl

mlled trepch form q\%.a CO-Cin alised structure is used for noise protection
EM protec €65 SR8 R 'r{%/‘?)tfté \"ﬁ/ el ongated | onger than 3 tines the dianeter

of the standard circular Mcro-via. 15 Brief Description of the Draw ngs
The advantages of this invention will be better understood by referring to
t he acconpanying drawing, in which Fig. 1 shows a top view of a typical

profil e of poweln thissemiHcantioctor egamply heshadughchatetid file€ aitkeat i onal vi a.
Fig. 20 2 shows the definition of the length and width of a via in a top

ext eri or V%&Wiﬁiﬁti’&&@FEFir%?EoH&u%Néslﬁgggﬁqhé‘is%nE@g%dzéto?mwsth@'?hl%l} nat e

Profile-1 formng an el bow or " via. Fi shows an alternate
Profile-2 formng a,' U 31, J 20 S ed mcr ia., Fig. shows an
alternate ri'>(?'8fi |$.h§ t?r ﬁ?’m‘f'% SHH@@!@ uﬁﬁ%%gfi 'SC?PHCW@JCE{‘H%@?'QRﬁH%%ﬁsed on
the round circular format or were the shape is not centered on the

ci r cunf er efie@ royh balegforimisre vias| Wiliged frrtrrintedicycui bopedss Biistamigicat e
Profile-4 formng an "E" shaped mcro via that is not based on the s round

ci rcul ar fviesdor printeerarauitdcendp énteconoecice ptieakty afcirchie tracedemhieratnce or
pitch of the circle dianeter. Fig. 7 and Fig. 8 shows the Manhattan

| nt er cpnneEhdSidralR@by frifisceh tHrbgh 4Ad EXP¥Bindthah BrdiRiefitrar d trench.
Fig. 11 and Fig. 12 shows a double guard trench. "10
conductive plating, whereas the semiconductor through hole structure is that of
a hole through an insulation layer that separates two layers of conductive
media. The interconnection is established by continuously extending one
conductive media layer through the through hole establishing contact with the
15  second layer. Establishing a plurality of interconnections to a node created by

a via I1s not the objective in the semiconductor environment as it is with printed

circuit board vias.

The specific issue with regard to semi conductor vias is electrical failure
20 of the via structure due to thermal and other stresses particularly in the area
around the rim of the opening of the through hole. This is where the
conductive media layer begins to extend through the through hole and failures

occur because it is at this point that the media layer tends to be thinner. The



Best Mobde of Carrying Qut the Invention The inventor has discov d that
non-circul ar vias are feasible for printed circuit boards and a%%ddﬁrﬁamw
for many reasons. For exanple a non circular via can take on an "L" shaped
cross section to connect two circuit trace 15 lands or term nal pads on
separate circuit board |ayers while avoiding traces within the region
between the legs of the "L" shaped via on |ayers there between. Qher
non-circular vias may be used in different ways to adapt to the specific
circuit trace le@/out. | t i%. al so . desirable to design Vias that are non
circul ar bdRFORIEH 5 CRRENIAUORIOT SEESRT INip sMalbarad, Whepeannyith siatedar d
circular 20 vias because they require less cutting area. This is because,

t he ci r cunfaoiiicgiidwants the issukavitrsviaeds thendensitynef thedptesconndctionsiasait ent
overal | dianeter. The increased circunference nakes utilization of

non- ci rcul gelatésto Surrerticalmyibg tapacieBAf ibetiar vBREage!gfop he i ncreased
circunference of no-circular vias increases the current carrying capacity
of the via. In addition it is found that plated through hol e nethods can be
adapted 5 to be utilized to create a perineter ground plane trench or an
outer shield trench , by using a mcro mlled trench around the perineter
of a PCB or the perinmeter surroundi ng a conponent or a set of conponents
and can provide an adequate grounding path for ground traces on multiple

| ayers of the PCB and for Djsclosurerofrdvespgeritiored at vari ous

| ocations on the PCB or can ~o be utilized for EM protection. This
technique is useful to conformw th the avail abl e space of densely

popul ated PCBs dhis ioniieuelf yhe hbpeel praBemsTthat {iiegpredent imnvehticmwasxt end

t hrough several PCB | ayers and can foll ow al ong the board edge regardl ess
of the shapge@lop&g board. The trench structure can also encircle a certain
area of the printed circuit board for EM protection of ~ 5 that specific
area of the board or a specific conponent. The trench provides EM
protection because it creates a coaxialised track structure. If a single
trench is used it forns _.a partial outer shield for the cogxialised
structdPe. The p %I%“HBE‘Z?%hP%@& 3(5\‘OW@CEtBa‘?{Pé{Hes%qpe'g‘P'?%&%Feéﬁcorrprises
the plating of the wall of the trench, the ground plane, and the plating
lip that | at@iyNDyCapacinder @ vnanegreduce iisngustancetrhasaeteriatic.oft isimsa r ench.
The plating waps around the rimof the opening of the trench and laterally

ext ends fr ogbjebeobipisiinvention 1o pgovide vias thaecan phiysicalg dvsid tesdas and s
conpleted by the circuit trace co-axially extending through the outer

shi el d fornggmBYnbAk fof 8BRSely populated multiple trace multi-layer boards. It is also
an object of this invention to connect traces on two or more layers that are not

15  vertically in line. It is also the object of this invention to reduce inductance of

the via.

The invention satisfies the above objects by providing a non-circular via
and a method for cutting away material about a centerline for a non-circular
20 viafor PCBs. The method of drilling the non-circular via will be by cutting or
removing material away about a centerline with a process such as laser
ablation or plasma ablation. This type of cutting away of material about a

centerline is sometimes referred to as ablation of material as noted above and



9 31 J A N 2003 Current grounding schenes nmay dedicate entire layers to a
'groundi ng pl ane whi ch unnecessarily increases the thickness af§d WﬁA$hQQ@G
the Board and such a grounding layer usually requires isolation on elther
side by 5 insulation |layers. Another method is to utilize a grounding strip
or groundi ng bar bonded between Layers of PCBs or Bonded to the edge of a
PCB. This requires a nuch nore difficult manufacturing process and the
grounding strip is nore difficult to make it accessible to all the circuit
traces on all of the Payers of the PCB. ~o In summary, alternative shape

f eat ures wi alloves taderal moveemend toreffect mdnciravlarrpatieras.brhisnioveasomgtilizesver
known shape (round) performance, for exanple convol uted or square shaped

vi as. Thr eethiglRescifauian appsrobals irs trrtbe Wbidts, iconvelutéd tirvie! o X 8QUEredanM cr o
Features, far this invention. These three ideas ~5 are categorized as

Profile Po i Y/ ; reh be
di scussed. rth@?égp@\%(e%V@; %/clagf'?‘%%glprgeastst?@ %@Fgerréﬁ?%ﬁ%}gﬁgr 5rbr%'ﬂ%£lfor
this alternate _ycro vi ax is }hat it 20 has,. a garﬁ?te‘\r current carrying
capacity t 4R t'Hi® EORRIYIRE BC!S BLARN -G CuiaF ¥iA 18ra hTeftie RpwerdvliceRnyiasal ent
maxi mum di anetric dinmension. As the current carrying capacity of any via is
dependeft ohhe Reofilervia hbecaychapeal atheethanroand arieircotandocreatg aredi um wal |
thickness, it follows that a larger via (hole) will have a 10 31 JA N

2003 | ar gerinefedseidengtti ih@ircLififergeetdven aarouiid! drairctiitioehaar the Profils
therefore the conclusion that the larger circunference (assum ng the sanme

conductive \Aﬂ‘léﬁ]a‘r'\rﬂé\}y 5%Bﬁ-sc?l)cu‘fgrlWa%%%?wﬁﬁg?éﬁte@@bﬁihé’&ir%ﬂf@g‘ﬁ%@9

medi umin to carry current. e Power mcro vias € pur poses
of this patent.teCSn aFQIi ation are .vias thi't hgve a circunference or via edge
P CirP PRE

that 1 | orde Ml 5" 0y sauis SiPRE Y S nt kgsad A dognd or
circular" shape of equival ent nmaxi nrum di aneter in the design, inaging or
manuf act ur | BiECWar ferer A Theee Digrater yiaior ari -3 ¢ia i a throvgb diehe bavingawo
creation the shape of the via has as its major dinension the equival ent
di anet @o of carhponemtndimenisionis| werensrg © theanajor dimension of  1-3D length and

the other minor dimension is its breadth having a 1D diameter. Finally, a

micro milled trench forming a co-axialised structure is used for noise

protection EMI protection and is typically elongated longer than 3 times the

diameter of the standard circular Micro-via.

15

Brief Description of the Drawings

The advantages of this invention will be better understood by referring
to the accompanying drawing, in which Fig. 1 shows a top view of a typical
profile of power micro-via forming a cross along with a conventional via. Fig.

20 2 shows the definition of the length and width of a via in a top exterior view
using a cross or "+” shaped via. Fig. 3 shows an alternate Profile-1 forming

an elbow or “L" shaped via. Fig. 4 shows an alternate Profile-2 forming a “U"



10 When used for a pure "Power configuration” the normal via na ?
'need not apply. In this way the vias can be used in ail power gﬁ jigﬁ fﬁh3
i nterconnect strategies in PCB design and nanufacture. The following are a
few exanpl es of the usage of the vias in a power interconnect strategy 15
unrestricted by size constraints. The Profile Power mcro via can be any
via that has any shape other than round or circular to create the increased
| ength in circunference over equal dianeter circular vias. The shape can

for exanple be star, cross, 2o square or any irreqular or convoluted shape
that i ncre&58Bed RicTavigt HFigf 5t&ﬁ@W@|arta%¢r@|aéenE’éofde foamtrtgmdiqybla:cm| ar
format. In principle the Profile Power mcro vias are based on a circul ar

format in tiieto vihahatismdidesed omthe roandicivbalze foendtaraderethelshape is
circunference or pitch circle dianeter, however the 11 31 JAN 2003 power

ncro Via eenchfefdd bhitRe L eetdg%tch%f@ﬁé cheRaslafiid FipoU s

circular formt is, the's he mcro-via cross seCtion can have
an irregul ar not ase a round circunferencial

i anet o1 oANGEERtS RIS FHbiING &7 " AhabesTara Sl 1S AL BrsReben fiepped
square pattern. Al so, the non-circular shape can allow nore traces on a

gi ven | &yeround cisemiet format or svargitee shape is beldeenterecton the circumtaranes on
other layers. This is possible due to increased current carrying capacity

at a gi venoPaiteh opesaupeiediaieter IFIGeAd Fig. @UsAeveteeMahpagiy | ncreasi ng
t he nunber of possible points of interconnection. In addition noncircular

vias al | owlepees AndiCOIAnERL B 4 e SNPLASTS Tar ik eal daraAfgide!

i mport ant ure 1s ancec aracteristic as seen with
t he standard circul ar profl I e via design by elimnating the coil aspect

i nherent wiRig- t1 aRdI Rig. j2shows %ﬁagme@‘-ﬁﬁﬁﬁ&iﬂ@n of inductance results in
faster signal performance for high speed signals because the inductance
characteristic of the standard circular profile vias has the tendency to
sl ow down a signal. Also, better noise susceptibility pertormance results
fromaqgpon-circular format. 20 1 D-3D Vias The 1 D-3D via is an alternate
formof the power profile mcro via. If the standard or normal "round”

16 e or o et Blodid 5t LdeRlido!blut the IrvaRtign o 11 1!
The inventor has discovered that non-circular vias are feasible for

printed circuit boards and are desirable for many reasons. For example a non-
circular via can take on an “L” shaped cross section to connect two circuit trace

15  lands or terminal pads on separate circuit board layers while avoiding traces
within the region between the legs of the “L" shaped via on layers there
between. Other non-circular vias may be used in different ways to adapt to the
specific circuit trace layout. It is also desirable to design Vias that are non-
circular but are of equivalent overall diameter to comparable standard circular

20 vias because they require less cutting area. This is because, the
circumference of a circle is less than some shapes with equivalent overall

diameter. The increased circumference makes utilization of non-circular vias



12 31 JAN 200 configurations that use a single dianeter as the base

'di mensioning for a via of two conponent dimensions. Referring tdHi g}AN 20@3
one of the dinmensions is the length 202 and the other is the breadth or

wi dth 200. The length can be in the X or Y orientation or any orientation

on a two di nensional plane. The s sane applies for the breadth. Therefore,

a via having a round or circular shape ratio of 1.0 : 1.0 is to be
considered a normal mcro via and is not subject to this patent

application. The benefits to the 1 D - 3D shape via configuration are that

it can be Bendfigigibecznak, the fdreatés cheaatbrbnéd bEnsoircLRIr Vi BIRPéSSEs as t he
limting factor for interconnect density. The length is restricted to 3D or

three ti ”Eﬁ’let%.ﬁrérﬁr&trglrir‘?é ﬁ%ég%%r&qﬂgmg'or this patent application. Vias

with a ratio gr eat are consi dered as "Trenching” and is
described in the next section. Use of the 2D and 3D vias being used in a
Manhattan configuration is possible, refer ~s to Figs - 7 and 8. This
enables a via of sufficient size (current carrying capacity) to be placed
within a circuitinadgditionitisfowrd thalp!ated Maropghholwmataods aan hedadrpted r ound
via pads are limting factors in interconnect density in PCB design. If we

can use t hits Beutitted to crestega pesimetet grorind ane eresich Yor iant eutepshietd with t he
same or increased current carrying capacity as normal 20 vias, then an

advant age @aé@\rchr}wmingia%&rdhaué@%aah%%iuﬁmfﬂéfﬁgﬁﬁdé@rioﬁf ﬁCBi&gﬂe As a

benefit to the manufaclture of PCB's the follow ng can be achieved at the

Fo adnero E5 TR L b EeaheBiFtt % o8 el Eoly Erl yle, A\
Z003 mcro via PCB's the small vias are imged using a small area of
resist. |f 3RAYRAAR IrARdRg PR farigrPUnd tracen Qndnultipla layees ofithe PCB. o, t hen

we can assune that any via of a greater ratio than 1.0 in one of the two
di mensi ons andl for raultipla apngreEntapesitioheg labvarioes losatioos adlibed?TB arlvancopper
or other conductive 5 inmageabl e nedium thereby inproving yield. Trenching

The m g7 0 el bifebfoPEMIpro®chohNMHis MUY isUREN tb RBNBrAT WitMithe CONCept
of having a non-circular or round crass section. Trenching is a slot that
IS available space of densely populated PCBs and uniquely shaped PCBs. The
plated trench can extend through several PCB layers and can follow along the
board edge regardless of the shape of the board. The trench structure can
also encircle a certain area of the printed circuit board for EMI protection of
15 that specific area of the board or a specific component. The trench provides
EMI protection because it creates a coaxialised track structure. If a single
trench is used it forms a partial outer shield for the coaxialised structure. The
partial outer shield of he coaxialised structure comprises the plating of the wall
of the trench, the ground plane, and the plating lip that laterally extends from
20 the rim about the opening of the trench. The plating wraps around the rim of
the opening of the trench and laterally extends from the opening forming a lip.

The coaxialised structure is compieted by the circuit trace co-axially extending

through the outer shield formed by the trench.



~0 "mcro mlled" using plasma or | aser processing or other nethod if
'renovi ng away material about a centerline. This slot is greater%ﬁ JANIQO[B
than one layer. Trenching is simlar to the 1 D-3D via formats shown
previously. The difference between 1 DI 3D vias and trenching is length, the
vias with a larger ratio than 3.0 : 1.0 is for this patent called
trenching. This does not nean that ~5 the two are not interchangeabl e.
There will be instances where the trenching could possibly be snaller that
aratio of 3D, so this nust be taken into consideration for this invention.
Trenchi ng can be used for EMC screening but this technique can be used for
all known reference plane or screening techniques that control signal
integrity in | anCh&est grpundiossebemesimay dedicateentiriedayersriora opuntdinge used
on the edge of PCB's or within the area of the PCB. Trenching can be used
in all PCB planepicic anneoessarily inareaseiihe thigkeess landobéighs obirgnBbarchnt
signal performance increases, but at a potentially |ower |ayer count and

hence | ower ai 8047 bl GBuAGIHGIaySrusuatly rddlirds A:tatldie oR'ehfis iy t e detai |'s

of the various aspects the 1 nvention can etter rstood by

referripg specjfically to,t drawi ng. First referring to Fig. 1, a power
profil egnon'?’éviaélﬁpj?y%r 0&”@58? F’&%#@r% Ll}ﬁ“éefb%f "‘L‘éstg'@e?{ @'03:’6’ ed to
a standard prior art round or circular cross section mcro via 104. The
maxi mum or @y kendadhetwaenieyersopf RGBS 96 Bandedirdhe #dgecefesBCBhAbisd nicro
via is equivalent to the standard prior art circular via. This is

descri pti veregjuiresreomuchmoleadiffiuttrmamifacturingnerogess eadftoe growvagiagstrip er ed
on the circunference or pitch circle dianmeter. It can also be seen that the

~ o ci rcunfigrRgeediaicdit® rﬁﬁlﬁé’ﬁ%bc@ési't'sré"tosélﬁmédciFELﬁﬁ‘Paé’é@oﬁ%H'cﬁ@ﬁéﬁa}é?@” the

circunference of the standard circular shaped mcro via thereby I ncreasing
the current Fex:ls rlyégg capacity of the via as previously explained. Referring
to Fig. 2 t W Er o *shaped mcro via is seen again. Wiat is defined as the
wi dth 200 and the length 202 of the micro via is showmn. The wi dth 200 of
the nmidPo via is ~ 5 driven by the breadth of the cutting action of the
cutting neans and the length 202 of the mcro via is driven by the

transl ati on di stlascenroéryt, aiemaetivershapedasturdhwils altenthel perfprima®e ded i ned as
the translation distance of the centerline of the cutting means about which

it cuts. 20mRebalid bYinéreabingst oderiifbwh sRdbe rouplpeHoAEnge, ol exaRRRS

mcro via are shown respectively. These alternative crass sections are al so

based on thg, { AN &ard'sREpEG VIR THAOV RIS fohRHRE Bl bAvREER:  and 6,

a "doubl e

collectively known as Micro Features, for this invention. These three ideas
15  are categorized as Profile Power Micro via, 1D-3D Vias and the Guard Trench

and will now be discussed.

Profile Power Micro via

The basic difference in performance for this alternate micro via, is that it
20 has a greater current carrying capacity than the traditional round or circular
micro via of equivalent maximum diametric dimension. As the current carrying
capacity of any via is dependent on the circumference wall iength and the

conducting medium wall thickness, it follows that a larger via (hole) will have a

10



cross” or "++" and an "E' shaped mcro via are shown respectivehy ajua t he
‘15 ‘31 JAN 2003 are not based on the round or circular fornmat Onlt tNtZ@B
have a maj or dianmeter, 500 and 600 respectively, and a smaller | ength m nor
di ameter 502 and 602. Finally, Fig. 6A shows a square mcro via having a
breadth 604 s equivalent to the dianmeter of a standard circular profile
mcro via shown as major dianeter 100 in Fig. 1. Referring to Fig. 7, the 1
D-3D micro via format as discussed earlier is shown. The 1 D mcro via 700
is representative of a standard micro via having a circular cross section.
The 2D mi clarger ar k0Renaircamieneoce dihametsenaller countatpart 7 0lisahdredomg: that er

| ength maj or dianmeter 706 where the najor dianeter is tw tines the

di amet er otohBRisENPat tHe RS circlinferdhdd @s8umirty tHBsAé cdnBlLitMfe di anet er
710 and a greater length major dianeter 712 where the major dianeter is

three tine { ! ] NS =S tilizing the
20 30 i or 5414 ORREES A e Lo aRERFhLcdITERES aSafm it Whishs T e
"Manhattan" (high densi or hi gh popul ation) interconnect strategy 800.
One of t he '®EREYUETEHE. %@B%é&c& é{'qssf°fh‘£p‘i"'tp°§§ﬁ° thiginaenti onal |
using the breadth (the mnor dianeter) as the Iimting factor for

i nt er cdnneappleatin gre vasthat hayet & sircmmBmentea onyigpedge tifat ihtorigenioat t an
strategy enables a 20 via of sufficient size (circunference or current

carrying capger than &4n be dptaieed by ddimg aardirether cirafar ' whape dfreyisvalbasel y

spaced) circuit trace pattern without a round term nal pad or I nterconnect
| and. Roun 1nal ; : Al e il er connect
donsi ty. 1 PRECREdRnRRE RS de iR Bt meh e R G B o - dee gn
to realize hi gher, .densi dnterconnect with the sanme or increased. current
carryi ng. o YHEEN et (e oA i SRPRANS STaPs of e HEdTamas i

manuf acturer is attained. A second enbodi nent 802 of the Manhattan strategy
802 i s showrej@hdinensien e eguivaienhdieneteypt ihe nermal sircylas sk viem t o t he

formof the via to allow greater current carrying capacity in the via.
Referricng to Figs. 9 - 11, a novel guard trenching nethod is shown. Fig.

When used for a pure "Power configuration" the normal via max
dimension need not apply. In this way the vias can be used in all power and
interconnect strategies in PCB design and manufacture. The following are a
few examples of the usage of the vias in a power interconnect strategy

15 unrestricted by size constraints. .

The Profile Power micro via can be any via that has any shape other
than round or circular to create the increased length in circumference over
equal diameter circular vias. The shape can for example be star, cross,

20  square or any irregular or convoluted shape that increases the length of the
circumference over a round or circular format. In principle the Profile Power
micro vias are based on a circular format in that they can have a wave form

shape centered on the circumference or pitch circle diameter, however the

11



9 shows a top view of a corner section of a printed circuit board 900 where
a ~ o plated trench 902 is shown extended about the perineter glt QENS’E@@@
In this preferred enbodi nent the trenched via is actually one

trenched via aligned along the board edge, however the trench could be a
series of aligned trench segnents (not shown). Also this exanple shows an
EMC sensitive track 904 ( a circuit trace that may be EM suscepti bl e) that
extends inside the ~ 5 perineter and a partial outer shield defined by the
trench and extends in parallel to said trench. The trace 904 is shown as
segnent ed bPOWEEBNICHO Yie dandeR:AN IMegii@E shapethatria oot basedanithasasnd Thi s

i nner EMC sensitive track (EM sensitive circuit trace) conpletes a coaxia
shi el di ng seirenrar frmat! ITras ig, iee Bhape of the micrb-via eressskdidnpedrhhaeé abl | shed
by the plated trench. The plated 20 trench via is created by mlling a

series of e R%ﬂﬂ 4 I Idwq% [ i meter that
extends to gn eéﬁ%gﬂgggﬁg?gﬂﬁg?ng p?ggg%?Bgo n?@ﬁ¥gﬁﬁrﬁ§ﬂlg§' The
groundi ng pl,ane 1000 we any. refer nc xed at, a given
porent i | HetsRar ciriGISE gy s SR micths A oA /50 BEA cGnibiiesd 58PeRy *10' he
reference plane potential level is fixed at ground. Al so note that the
ground Pot eRgHaNe patemn. coul d be a TTL Logi ¢ ground or sone other signa
ground, chassis ground or sonme other reference ground. The trench perineter
is preferably a continuous trench. The interior walls 1002 of the el ongated
5 through hol es and the edges 1004 about the nouth of the holes are then

plated with a CORbNiRYAoRHBLIPSHERELUAHINY #BIETraBbs éﬂ%giv@ﬁr|s¥éwoou9h

t hereby providing a path to ground he structure of dard trench

o ati ng of FRBTERRESFEIC BRT %f%%i‘%ﬁ‘r%w%ﬁ#eﬁ?%%‘se P 85%%%?88@“8195 ne

trench an extendi ng to the ground gl ane 1000. The plating waps around the
rimof the BP&siPIRYdee 19 H@r??@ﬁ:ﬁur& ot ‘Faéﬂé'P%FPPa@%f @MQ'Wﬁl\’?hEe%&ﬁ ng

al ong the edge 1004 about the nmouth or opening of the trench formng alip
1008. The gobthedingteasedititiinfedendectherety imgreasing theenumber od possible 1002 and
the plating lip 1008 forma partial coaxial outer shield about the EMC

sensi twe inB BIntS @NfHEfcRNNEBLiIdH. aﬁka@@ﬁohhﬁn@h&ul@?%ﬁs‘ Abvatraeaxbaly shi el di ng
structure eferrlng to Fig. 11 and F|g 12, doubl e guard trenching 1200

V\nthacoax tion of the
above descrlh §g5%$§%2 I ng %l s e odRﬁeémFr rr% é@efgag‘ﬁé' ner 1100
and 20 outer 1102 trenchgd Vi a vvkth a coaxialised El\/'[_.“, sensjtive t(ack 1104
(circuit removal of the inductance characteristic as seen with the standard circular
profile via design by eliminating the coil aspect inherent with circular profiie
15 vias. Elimination of inductance results in faster signal performance for high-
speed signals because the inductance characteristic of the standard circular

profile vias has the tendency to slow down a signal. Also, better noise

susceptibility performance results from a non-circular format.

20 1D-3D Vias
The 1D-3D via is an alternate form of the power profile micro via. If the
standard or normal "round" micro via is considered as a 1D via or a via with a

diameter of the ratio 1.0, then the vias mentioned here are all via

12



trace) there between. The trace is shown as segnented because it is hidden
fromview, however, the trace is actually continuous. This enb dtqiabh%ﬁas
be exactly the sanme as the single guard trenching descri bed abﬁv

18 31 JA N 2003 exception of having the inner trench for further
shielding and to conpletely surrounding the EMC sensitive track. The double
guard trenching provides a continuous and conpl ete outer shield surrounding

the EMC sensitive track because of the joining lip structure 1201 of the
doubl e trenches. 5 19 31 JAN 2003 What is clained is: 1. Awring

connect i on gbhfiglinationt dhatouses & Birgle didnsetetr abees Basedirmehsiba glal 1g o ri ng
circuit traces on a plurality of circuit trace |ayers applie a

on
plurality o, pthHdfhent gﬁﬁ%@slagﬁﬁggrewg g?g@]rgl.efaﬁé%ﬂﬁadﬁn'@gmé%d there

bet ween by the printed having a prin circuit
board nmulti .l ayer s ctu aracterized by: a t u ole wth a,.
convol ut ed Q?%f?é@"&?@géﬁa@)ﬁ@He%‘éﬁf‘ﬁ&f‘aﬂ&hﬁwam Eé&il %Pﬂsf‘g%ﬁfi Rgimy
extends through and intersects and exposes a plurality of wire circuit
traces and kX Y oreniatiodn ergryf oieiiatien ohe twa dimensiengliniage.t dhehe
interior wall electrically connecting a plurality of wire exposed circuit

traces @n asping applies fof the baddth.| Therefore? a via HaMingshrelind ogcistulact ure for
a printed circuit board for shielding wiring ~5 circuit traces on a

plurality okhghé ¢hid of i ares 0y & DedRPkidife@d forfldl hitbid ViaQindPiksiryted circuit
board |l ayers and electrically isolated there between by the printed circuit

board | ayer . ayi. rinted. circuit board nulti |ayer structure,
characteriz Hsgg?nﬁﬁyggﬁgﬂﬁﬁgghﬁamﬁLrin1about an opening of the trench at a
top 20 printed circuit board |layer and said trench extending through a
plurality of printed circuit board layers to a groundi ng pl ane exposi ng

sai d groundi ng plane and said trench having an interior wall with a
conductive pl atiTige benefits to the 1D — 3D shape via configuration are that it can be

10  directional, using the breadth (the smaller dimension) as the limiting factor for
interconnect density. The length is restricted to 3D or three times the length
of the breadth for this patent application. Vias with a ratio of greater than 3D
are considered as "Trenching" and is described in the next section. Use of
the 2D and 3D vias being used in a Manhattan configuration is possible, refer

15 to Figs — 7 and 8. This enables a via of sufficient size (current carrying
capacity) to be placed within a circuit trace track without round pads. Round
vias and hence round via pads are limiting factors in interconnect density in
PCB design. If we can use this format in design to realize high density
interconnect with the same or increased current carrying capacity as normal

20 vias, then an advantage over normal micro via design and manufacture is
attained. As a benefit to the manufacture of PCB's the following can be
achieved at the photo resist stage. Photo resist requires a certain minimum

area of resist to adhere to the copper surface. During the manufacture of

13



20 31 JAN 203 material applied over said wall and said trench, having
lTength greater than two times a breadth of said trench and sai cBQ/aﬁbAﬂ 2603
vertically extends around the perineter of the printed circuit board and
said plating electrically connects s to said exposed ground plane and w aps
over and laterally extends fromsaid rimformng alip. 3. Awring
connection structure for a printed circuit board for interconnecting a
plurality of wiring traces applied on a plurality of printed circuit board
| ayers and electrically isolated by printed circuit board |ayers and having
a printed Bligrewia FfeBisdheismall viag&re iineged Uginiaa smallarea afiasisbt EMeed by:
a first wire trace applied to said main surface having a first term nal

| andi ng padssurna that homaltrhicooiglashdve a heticeof-1.9 :t'ho othhvgim, we @iad dssusie

t hr ough- hol e havi ng a convol uted shaped cross section with a conti nuous

peri met er; tiatRiNyNigdf @ gredidr ragatban HIGHn o Bt el tWo HidYeHsidry WRPhaye, sai d
first wire trace having a second through hole of identical cross sectional

geometry t Béaeﬂ%re ¥f€|§r gf&bé% r@gisﬁfkfggllﬁlgrr]e‘é\liottn tclé;l:)BEF bp Btﬁé?rc%%glpgu\% e and

ext endi ng erm na pa osi'ng a port of said
first |landin ; and a second wire trace applied to the printed circuit
board i rstmgﬁgﬂgﬂgg{l‘d@@@%@bﬂém%@ﬂﬁﬂ y!“’j?-er havi ng a second terni nal
| anding pad with a third through hol e having identical geonetry to and

vertically aligned with the first and second through holes, wherein said
first, second and third through holes are adjoining s and are plated there

through with am,@r@ﬁtﬁ]@ cally conductive material formng a plated through
hole with a convoluted cross section that vertically intersects the first

and second t er @ miBAARIRYCrEA G fsGPlHi BRANEFLSInhRehibRd viY ddhdepice and

t he second

of having a non-circular or round cross section. Trenching is a slot that is

10  "micro milled" using plasma or laser processing or other method if removing
away material about a centerline. This slot is greater in depth than one layer.
Trenching is similar to the 1D-3D via formats shown previously. The
difference between 1D/3D vias and trenching is length, the vias with a larger
ratio than 3.0 : 1.0 is for this patent called trenching. This does not mean that

15  the two are not interchangeable. There will be instances where the trenching
could possibly be smalier that a ratio of 3D, so this must be taken into
consideration for this invention. Trenching can be used for EMC screening but
this technique can be used for all known reference plane or screening
techniques that control signal integrity in laminate interconnect solutions.

20  This trenching can be used on the edge of PCB's or within the area of the
PCB. Trenching can be used in all PCB or application specific module types.
it offers significant signal performance increases, but at a potentially lower

layer count and hence lower production costs.
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wire trace by a connection between the first and second wire ~o,tsa
t er mi nal Ianéing pads and the plated through hole. 4. The mﬁrina‘koﬁﬁékzﬂga
structure of claim3, wherein the first through hole has a shaped
continuous curved cross section centered on a circunference dianeter of a
standard single dianeter circular profile ~ 5 mcro via and whol |y
contained within a perineter defined by the circunference dianeter. 5. The
W ring connection structure of claim4, wherein the continuous curved cross
section is "U' shaped. 20 6. The wiring connection of claim4, wherein the
continuous curved cross section is "L" shaped. 22 31 JAN 2003 7. The

W ring connection of claim4, wherein the continuous curved cross section

is "+" shaped. i I ] ok i : i rej.n the
first through 5 REFoRie 2 EPaeRs cPhe babdbddtts ot HdTnientBf 8T, o e
on a circunference djaneter of .a standard single dianeter. circylar profile
mcro via QFPEIE TR RY 'ﬁﬂ%‘r'ﬁgﬁﬂ?ﬂf@@ﬁ}ﬂé‘? Lr??egrab‘ﬁ)ng'hg "@er@ 'BPdRAce
diameter. 9. A reference plane structure of a printed circuit board for
fixing a pdtient.apower erafiie sondlircalasiaress pectiast migreiviay 102 canibe seere | ayers
that are electrically isolated there between by a plurality of printed

ci rcui ts boapthpargans apstdndand pripraarprourdest cifoutar drobsaedtidn riicrd dgengwi th a
mai n surface, characterized by: ~5 a first wire trace circuit |ayer applied

to said maitheStiakitgm ot rﬁ%&?&iaﬂﬁét@ﬁ 80 For tﬁgirgolnb&?én.ﬁéri OS54 @dd thdoayer for med

over said first wre trace circult |ayer; rst reference plane applied
ohe! o, o P A Sl B B Sl 46 SRR,
wire trace circuit layer and extending through the printed circuit board
first |ayerof 2cRORFHCHIGN THETOUGA hantnse pEyelgrmi sbape centafpd ©@ntthgce circuit 23
circumference or pitch circle diameter. It can also be seen that the
10 circumference of the “cross” or “+" shaped micro via is ionger than the
circumference of the standard circular shaped micro via thereby increasing the
current carrying capacity of the via as previously explained. Referring to Fig.
2 the cross-shaped micro via is seen again. What is defined as the width 200
and the iength 202 of the micro via is shown. The width 200 of the micro via is
15 driven by the breadth of the cutting action of the cutting means and the length
202 of the micro via is driven by the translation distance of the cutting means.

The second length 204 defined as the translation distance of the centerline of

the cutting means about which it cuts.

20 Referring to Figs. 3 and 4, an “L" shaped and a "U” shaped micro via
are shown respectively.  These alternative cross sections are also based on
the round or circular format. However, referring to Figs. 5 and 6, a “double

cross” or “++" and an “E” shaped micro via are shown respectively and they

15



31 JAN 2003 | ayer, extending through the first insulation |ayer and

ext endi ng to the reference pl ane exposing said reference pl ane; %qnd 2003
conductive plating layer on the interior wall electrically s connecting the
first wwre trace Payer to the grounding plane. 10. The reference pl ane
structure of claim9, where the perineter enconpasses a portion of the
first wire trace circuit layer. 11. The reference plane structure of claim
9, where the reference plane is fixed at a ground potential. 12. The
reference plane truc ﬁyg ence plane is fixed at

a ref er ence@Fmqt bd%%%gﬁ? %hr?ﬂrl?c RYR3BRAIOR printed

circuit board for i nterconnectl ng a plurality of wiring circuit traces

appl i ed on diameienS00yand 599@3@&%? @nd aeaater lepeths miner dinmeten 502 | y
isolated by printed circuit board |ayers and having a first printed circuit
board | ayergmg 802a main 20 surface, characterized by: a first wire circuit
trace having a width applied to said main surface and havi ng a first

termnal |andin #:1 h i ih of the
first wire tracg:I %Vﬁlb' eﬁih%ggloﬁggu%ﬁg@{élgﬁaﬁ?nﬁ%t%s?ﬂﬁlrégtg hole with a
maj or and m nor _di wher.e t r ,di aneter S n the wi dth of
The Ti B 1 pacualertt h donen bR staiird SRRy Brol v aEdtmmar s ong
direction of the termnal |anding pad; 5 a printed circuit boardflrst

i nsul ati on Mm@jasdiametrrd! @VevFigaild first wire trace having a second through
hol e having identical geonetry and orientation as and vertically aligned

with the first through hole and extending to the first wire trace term nal
| andi ng pad; and a second wire circuit trace applied to the printed circuit

e o suoh SRRl LV, 200 1p-uaeeaerIRe st ageBbr
through hol g Shown. The 1D micro via 700 is representative of a standard micro via having
10 a circular cross section. The 2D micro via 702 has a minor diameter of
breadth 704 and a greater length major diameter 706 where the major
diameter is two times the diameter of the minor diameter. The 3D micro via
708 has a minor diameter 710 and a greater length major diameter 712 where
the major diameter is three times the diameter of the minor diameter. A means
15 of utilizing the 2D-3D micro via format can be seen by referring to Fig. 8 which
shows the “Manhattan” (high density or high population) interconnect strategy
800. One of the benefits of 2D-3D shaped via is that it can be directional,
using the breadth (the minor diameter) as the limiting factor for interconnect
density. Utilizing the 2D-3D via as part of the Manhattan strategy enables a
20 via of sufficient size (circumference or current carrying capacity) to be placed
within a higher resolution (more closely spaced) circuit trace pattern without a

round terminal pad or interconnect land. Round terminal pads and round vias

can limit trace and interconnect density. if the Manhattan configuration is
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wherein said first, second and third through holes are adjoining ~5 and are
plated there through with an el ectrically conductive material ofor Ri 3
pl ated t hrough hole vertically intersecting the first and sec3ﬁﬁ~3é$%2Qg
pads and electrically connecting the first wire trace and the second wire
trace by a connection between the first and second | andi ng pads and the

t hrough hole. 20 14. The wiring connection structure of claim 13, wherein
the major dianeter is at |east about twice that of the mnor dianmeter. 25
~1J AN 2003 15. The wiring connection structure of claim 13, wherein the
maj or di ametssd irsdedigh éasealzeaihigher densityrirtetcdoanect with ¢hersame ali anet er .

16. A wring connection structure for a printed circuit board for 5

i nt er connechiRthsedutferticairyy dbpddiy, tHerCah hdvamage dvePhbfilabmicoRliaral ity
of printed circuit board layers and éiectrically iSolated by printed

circuit bo : j AL st | j ' r yer with a
mai n surfagéeé,js'éﬁc}iéﬁgip%ﬁl?fzagg}%gg %té{'bér@'t A\%ércg%??erng%é@H’lebé?@%hog\}b%g a first
wi dth applied to said main o syrface, and having a first termnal |anding
pad with a NachRuenstelParBchs sliﬂquréyhsfe thedratltrass siohibavidensdonayi ng a
first through hole with a major and m nor dianeter and the m nor di aneter

i s | ess5t hagorifoem ¢ tentorm ofttheatial ta Blowngreatedicerrentearrgingroagaeity irhthe t he
first wwdth and is 15 directed along and within the term nal |anding pad; a
printed cinggit board first insulation |ayer fornmed over said first wire
trace having a second through hole of identical geonetry and orientation as
and vertically aligned with the first through hole and extending to the
first wire trace 20 termnal |anding pad; and a second wire circuit trace
applied to the printed circuit board first 26 31 JAN 2003 insul ation

layer having a se4anthd ff E1yR26 -1aNd il ePHar¥ #:8nching method 1s shown. Fig.

9 shows a top view of a corner section of a printed circuit board 900 where a

10  plated trench 802 is shown extended about the perimeter of the board. In this
preferred embodiment the trenched via is actually one elongated trenched via
aligned along the board edge, however the trench could be a series of aligned
trench segments (not shown). Also this example shows an EMC sensitive
track 904 ( a circuit trace that may be EMI susceptible) that extends inside the

15  perimeter and a partial outer shield defined by the trench and extends in
paraliel to said trench. The trace 804 is shown as segmented because it is
hidden; however, the trace is continuous. This inner EMC sensitive track (EMI
sensitive circuit trace) completes a coaxial shielding scheme as well as the
possibility of a grounding path established by the plated trench. The plated

20 trench via is created by milling a series of elongated trenched through holes
along the desired perimeter that extends to and exposes a grounding plane
1000 (Ref. to Fig. 10). The grounding plane 1000, however could be any

reference plane fixed at a given potential level. For the embodiment shown in
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a third through hole having identical geonetry to and aligned with the
fl rst’ through hole, wherein said first, second and third througa hoJAN QﬂﬂS
adjoining 5 and are plated with an el ectrically conductive material formng
a plated through hole vertically intersecting the first and second term nal
pads and electrically connecting the first wire trace and the second wire
trace by a connection between the first and second | andi ng pads and the
t hr ough hoIe ~0 17. A nethod of interconnecting a plurality of vviring

circuit traces d on ural ity, of print d circuit hoard rs and
ol eotri cal i G efersieadibis pRlanbd) Bugbls kefiardrbbtia AlRE bbte Bifige the
steps of: applylngaflrst wWre trace to a main surface of a first printed
15 ci r cui t SFIIUPPiRntial lgvel eoddike aiTld kogie around ar semetother signal | andi ng
pad; formng a first printed circuit board insulation |ayer over said first

W re tracegreynd, yhagsia greanddr\sone dthec eefevencet greuhidr sSthe trentiapecimedtayer ,
said 20 trace having a second term nal |anding pad vertically aligned over

the first t hr ough
the firat DB Tl VS o0 Mottt he

cut 11 ng® modiE gl Fib & B g ePYBY PR ot v MblufBL B RgSbifben s © 11

translating the cutti ng means Iaterawg while continuing the circul ar
patterned Plated Mgtha@ coBHN¥RHIaYEr &7 Repdustiveumaleriehi BUG NG trewgdiough t he

first and second pads and the insulation |ayer to define an interior wall
and exposi tigereby providingaa gratietogrdbundr Mitreastrpetdss ofthe guarddrericdmg t he
interior wall with an electrically conductive nmaterial, electrically

connect i ng cbh@néeg%tmws rfifleanebnth tAat |rsagﬂ§§edhﬁeﬁé1ﬁwr69gﬁ©€)t2' %@?Fa%lﬁb' shed
between the first and second term nal | andi ng pads an he electrically
conduct | V€ of the trench is continuous along the interior wall 1002 of the trench an
10  extending to the ground plane 1000. The plating wraps around the rim of the
opening of the trench and laterally extends from the opening along the edge
1004 about the mouth or opening of the trench forming a lip 1008. The ground
plane 1000 and the plating over the interior wall 1002 and the plating lip 1008

form a partial coaxial outer shield about the EMC sensitive inner conductor

15  track 904 thereby creating a coaxial shielding structure.

Referring to Fig. 11 and Fig. 12, double guard trenching 1200 with a
coaxialised EMC sensitive track is shown. This is a variation of the above-
described guard trenching. This embodiment comprises an inner 1100 and

20 outer 1102 trenched via with a coaxialised EMC sensitive track 1104 (circuit
trace) there between. The trace is shown as segmented because it is hidden
from view; however, the trace is actually continuous. This embodiment can be

exactly the same as the single guard trenching described above with the
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mat eri.al plating. 15 18. The nethod of interconnecting a plurality of wire
traces of claim17, the cutting is cutting by plasna abl ati on. % E22d$

nmet hod of interconnecting a plurality of wire traces of claim17 1 2003
cutting is cutting wwth a la_ ~r. 20. A nethod of grounding and shielding a
plurality of wiring circuit traces applied on a plurality of printed

circuit board layers electrically isolated 28 31 JAN 2003 by a plurality

of printed circuit board layers characterized by the steps of: applying a
first wire circuit trace to a main surface of a first printed circuit board

| ayer sai d exceptiomiof bavingdhe limnémtgerecH fior ﬁ.ﬁrﬂfergﬂﬁmﬂﬁhg@idﬂ&é‘émF y formng

a first printed circuit board insulation |ayer over said firs mnre trace;

appl ying a sofoundinigiiel BRE seiiititd'Paéil| $he RUBILudid Felidniff Brdl ggey! at i on

| ayer; 1o cutting vertically down throug prin board

| ayer and ut an axi al
center i ntgla\ﬁmt'{"hé&é ahﬁz#gﬂ:flét%g? drtgﬁg@ “E%@r{%‘ﬁ’ﬂ%% %SEE?'#% ®Ckn a
cutting ne ns to_ a ﬁ? éﬁlent to transcend the first wire trace and
extend to 836?%85 '%QIFLQQIJJP ructure 20 fithaloukle tranehesy neans lateral |y
while continuing the circular patterned cutting action formng a trench
extendifg to forma perineter at |least partially about the first wire trace
having an interior wall exposing the first 20 ground term nal |ead and the
ground pl ane; and plating the interior wall of the trenched through hole
with an electrically conductive material electrically connecting the first
trace to the groundi ng plane. 29
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31 JAN 2003 21. An EM shielding structure for a printed circuit, for
shielding a plurality of wire circuit trace |layers that are el etﬁachANyZ[ma
isolated by printed circuit board | ayers, characterized by: s a printed
circuit board having a plurality of wire trace circuit layers and a
plurality of printed circuit board insulation |ayers there between and
having a plurality of printed circuit board edges and a groundi ng pl ane;

and a first trench having an interior wall and extending in parallel with
the board edge within a perineter defined by the board edge enconpassing
the print eWVbiatdsi claimed iire circuit trace and extending through the
printed circuit board | ayers and extending to the ground pl ane, exposing

sai d ground pl ang; r‘?rﬁj ect .lﬁ:ﬂlg i I terial applied
over the iﬂt eri g{rsw\l/va cﬁﬁrbeeség‘aﬁhs{r“t)ug &gﬁﬁgy@g‘%#}é%@@%@wgti ng to the
exposed ground plane proyiding at.least a partial perineter shield for the
orinted ci rcui t ISEFNesing yirlng cirenf UerPs o 4 5llealty ! Gsus trasedpnersy,
where the perinmeter enconpasses a portion of the &ryi nted circuit board. 23.
The EM shi el di mppéiedan aphiralitysifgrinted cireuit board ayarsanéeieatdcally 30 31
JAN 2003 a second trench having an interior wall and extending wholly

wi thin gnd in passlhted] theré betwearibg thepprintetatcuitedaarddayarstdrel haviag & rench
and extending through the printed circuit board | ayers and extending to the

ground plane e?‘%‘?g{té‘@ cﬁcéif"bﬁaﬂf ﬁﬁpg?ybﬁgﬁyftwr&iﬁa&t@ﬁzéa%ggd trench

interior wall i ated wth an e rically conductive p ing materi al

applied over the interjor |, there through,apd el,ectrically connecting to
t he exposed ground p|%hE°WV%bPlﬁ \ﬁghé %\YBF‘ge? Pgﬁeﬁdﬁ?iﬁ agctf%v RAVINGZD Em
shielding structure of claim?21, further characterized by: an EMC sensitive
track of conductive mat eriialeriexwalidhayvemicrlly exienss Ahowghprndinterseats h an
outer perineter defined by the

and exposes a plurality of wire circuit traces and having a
10 plating of conductive material applied to the interior wall
electrically connecting a plurality of wire exposed circuit

traces on a plurality of circuit layers.

2. An EMI shielding structure for a printed circuit board for shietlding wiring
15 circuit traces on a plurality of circuit trace layers applied on a plurality of
printed circuit board layers and electrically isolated there between by
the printed circuit board layers and having a printed circuit board multi-
layer structure, characterized by:
a trench having a rim about an opening of the trench at a top
20 printed circuit board layer and said trench extending
through a plurality of printed circuit board layers to a
grounding plane exposing said grounding plane and said

trench having an interior wall with a conductive plating
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first elongated through-hole and di sposed between circuit 15 bo rfi N 03
insulation |ayers through which the trenched through-hol e exten s.\ién Zﬁ
EM shielding structure for a printed circuit for shielding a plurality of
wire trace layers that are electrically isolated by printed circuit board
20 |l ayers characterized by: a printed circuit board having a plurality of
wWre trace circuit 31 31 JAN 2003 layers and a plurality of printed
circuit board insulation | ayers there between and having a groundi ng pl ane

| ayer with all |ayers bonded one over another; a first trench with an
continuous rim about an opeterialappliethever saidvedll and saidipenaty baviof) 4 he
printed circuit board and said trench having an interior wall and said

trench extending around ajeRgiH GRisr tAbntWe tithdda SFleadthCafisaid fraheh angd
el ectrically conductive plating applied over the interior wall of the

trench extending and el ecééihﬁ'@%“'hyee@?%ﬁgﬁﬁgﬂﬁ% éﬁbéﬁ%gtq]eg?%irgﬁég o?lt}"i‘Qe and

extending to an wappi ng ove romsaid rim
formng a lip; and an EMC sensitive track coaxjaJly extendi t hrough a
partial outer shield defiWé'a}eaf"PHg bPPé&éﬁgisﬁtﬂtP‘aé'%g\é?W'C?ﬂgCBW&%?‘ glip
and the ground plane. 15 26. The EM shiel ding structure of claim 25,

furthels characterized by:tosaieeaspdsed grasindplane andowrapsmvaiand lateByt an
opening of the trench at a top layer of the printed circuit board and said

trench having an interiorexehts froth s&itiding f@htig @diendi ng in 20 parall el
with the first trench around a perineter within the first trench; and an

electrically conductive plating applied over the interior wall of 32 31
JAN 2003 the trench extending and electrically connecting to the

3. A wiring connection structure for a printed circuit board for
interconnecting a plurality of wiring traces applied on a plurality of
10 printed circuit board layers and electrically isolated by printed circuit
board layers and having a printed circuit board first layer with a main
surface, characterized by:
a first wire trace applied to said main surface having a first
terminal landing pad with a first through hole there
15 through, said first through-hole having a convoluted
shaped cross section with a continuous perimeter,;
a printed circuit board first insulation layer formed over said first
wire trace having a second through hole of
identical cross sectional geometry to and vertically aligned
20 with the first through hole and extending to the first
terminal landing pad exposing a portion of said first
landing pad; and

a second wire trace applied to the printed circuit board first
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ground plane and extending to an wrapping over the rim and exte di.n

laterally fromsaid rimforning a second |ip which joins the AQNFZU[B
where the EMC sensitive track coaxially extends through an outer shield
defined by the first and second trench interior walls, the first and second
plating |lips and the ground plane. 33
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;109 () - @O%&' ()-109%& ()-,x | iK-KI7-
109& () - @10%: () - S3" 109%& ()- 010%& () - . 31 JAN 2003
109%& ()-f, 109%& ()-& ! 109%& ()- PRSTUai KI 7- 10%& ()- FS@ 109B& ()-F& 109B& () -
%8109B& () - mL010109f >10%& ()-9 10%& ()-"kQ K* SF"10%BMB& ()-Y
109B&' () - F109B&' ()-Fl 109B&' ()-F, 109B& ()-f!109B& ()-F 109B& ()-;ni K- F
L 109B& () - Y& 109B& ()-' g#l0vB&' ()-Y% 109B& ()- Y# 109B& ()-Y ! 109B& () - F3-
109B& () - dSUVW KA7F 10B10BS>s109B& ()-9 109B& ()-17! 109B& () -, 5109B& () -
,3"109B& ()-10 109B& ()-WKdM _A7F 10B, ! 10%| & ()-g 10%4| & ()-Y
10%4| & () - ZLOYe| Bhé)wiridg@emhéction 6f diatm| 4 whergZhOBe>ddritintioud UM et] ¢ross
91 10%4| & ()- NGLO% | & ()- 10%4| & ()-st10%4| & ()-3' 10%4 & () -1 10%4| & () -
nHi K-2"10%| & () se@ick@h&shdped, 10%| & ()- S, S10%H & () -
*&10%4| & ()-' #10%4| & () - % 0% & () - 7} si K2"10%4| & () - 0%
U& ()- GLO4| 104| 104| S>10%4| & ()-F9S 10%4| & ()- 3Y7M 10%4| & ()- 5! 10%4| & () -
22~ K-K 10% U& ()-3l 10% U& ()- 3@ 10% U& ()-S10% U& ()-3 10% U& () - Ff
10% U&' () -39 10% U&' ().- $kNfF H* ( @10% U8 ()-F% 10% U&' () - F#10% U&' () - F! 10%
U& () - 3F9! 189 ugThe wikng connectqn slugtutppigaim.-Bwherejndhedirstitwough () -1 7
10% U&' () -YS510% U&' ()-3F"10% U&' () -3 0910% U& ()-Y, Z10%
5 hole has a shaped continuous curved cross section centered on a
circumference diameter of a standard single diameter circular profile
micro via and extends beyond the perimeter defined by the

circumference diameter.

10 9. A reference plane structure of a printed circuit board for fixing a
potential reference for a plurality of wiring circuit trace layers that are
electrically isolated there between by a plurality of printed circuit board
layers and having a printed circuit board first layer with a main surface,
characterized by:

15 a first wire trace circuit layer applied to said main surface;

a first printed circuit board-insulating layer formed over said first
wire trace circuit layer;

a first reference plane applied over the first printed circuit board
insulation layer;

20 a trench having an interior wall and extending about a

perimeter encompassing the first wire trace circuit layer
and extending through the printed circuit board first layer,

extending through and exposing the first wire trace circuit
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10. The reference plane structure of claim 9, where the perimeter

encompasses a portion of the first wire trace circuit layer.

10 11.  The reference plane structure of claim 9, where the reference piane is

fixed at a ground potential.

12.  The reference plane structure of claim 9, where the reference plane is

fixed at a reference voltage.

15
13. A wiring connection structure for a printed circuit board for
interconnecting a plurality of wiring circuit traces applied on a plurality of
printed circuit board layers and electrically isolated by printed circuit
board layers and having a first printed circuit board layer with a main
20 surface, characterized by:

a first wire circuit trace having a width applied to said main
surface and having a first terminal landing pad with a

terminal width the same as the width of the first wire trace
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first through hole and extending to the first wire trace
terminal landing pad; and

10 a second wire circuit trace applied to the printed circuit board first
insulation layer having a second terminal landing pad with
a third through hole having identical geometry to and
aligned with the first through hole,
wherein said first, second and third through holes are adjoining
15 and are plated there through with an electrically conductive
material forming a plated through hole vertically intersecting the
first and second terminal pads and electrically connecting the first
wire trace and the second wire trace by a connection between
the first and second landing pads and the through hole.
20

14.  The wiring connection structure of claim 13, wherein the major diameter

is at least about twice that of the minor diameter.
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16. A wiring connection structure for a printed circuit board for
5 interconnecting a plurality of wiring circuit traces applied on a plurality of
printed circuit board layers and electrically isolated by printed circuit
board layers and having a first printed circuit board layer with a main
surface, characterized by:

a first wire circuit trace having a first width applied to said main

10 surface and having a first terminal landing pad with a
second width which is greater than the first width and
having a first through hole with a major and minor diameter
and the minor diameter is less than the second width and
the major diameter is greater than the first width and is

15 directed along and within the terminal landing pad,;

a printed circuit board first insulation layer formed over said first
wire trace having a second through hole of identical
geometry and orientation as and vertically aligned with the
first through hole and extending to the first wire trace

20 terminal landing pad; and

a second wire circuit trace applied to the printed circuit board first
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5 and are plated with an electrically conductive material forming a
plated through hole vertically intersecting the first and second
terminal pads and electrically connecting the first wire trace and
the second wire trace by a connection between the first and
second landing pads and the through hole.
10
17. A method of interconnecting a plurality of wiring circuit traces applied on
a plurality of printed circuit board layers and electrically isolated by
printed circuit board layers characterized by the steps of:
applying a first wire trace to a main surface of a first printed
15 circuit board layer where said wire trace has a first
terminal landing pad,
forming a first printed circuit board insulation layer over said first
wire trace;
applying a second wire trace over the first insulation layer, said
20 trace having a second terminal landing pad vertically
aligned over the first landing pad;

cutting with a cutting means vertically down through the first
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circular patterned cutting action forming a non-circular

through hole through the first and second pads and the
insulation layer to define an interior wall and exposing the
first and second terminal pads; and

10 plating the interior wall with an electrically conductive material,
electrically connecting the first and second wire traces by
the connection established between the first and second
terminal landing pads and the electrically conductive

material plating.

15
18. The method of interconnecting a plurality of wire traces of claim 17, the
cutting is cutting by plasma ablation.
19.  The method of interconnecting a plurality of wire traces of claim 17, the
20 cutting is cutting with a la. =r.

20. A method of grounding and shielding a plurality of wiring circuit traces

applied on a plurality of printed circuit board layers electrically isolated
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5 ground terminal lead;
forming a first printed circuit board insulation layer over said first
wire trace;
applying a grounding plane over the first printed circuit board
insulation layer;

10 cutting vertically down through the first printed circuit board layer
and the first insulation layer removing away material about
an axial center line with a generally circular patterned
cutting action with a cutting means to a depth sufficient to
transcend the first wire trace and extend to the grounding

15 plane ;

translating the cutting means laterally while continuing the
circular patterned cutting action forming a trench
extending to form a perimeter at least partially about the
first wire trace having an interior wall exposing the first

20 ground terminal lead and the ground plane; and

plating the interior wall of the trenched through hole with an

electrically conductive material electrically connecting the

first trace to the grounding plane.
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board layers, characterized by:

5 a printed circuit board having a plurality of wire trace circuit
layers and a plurality of printed circuit board insulation
layers there between and having a plurality of printed
circuit board edges and a grounding plane; and

a first trench having an interior wall and extending in parallel with
10 the board edge within a perimeter defined by the board
edge encompassing the printed circuit board wire circuit
trace and extending through the printed circuit board
layers and extending to the ground plane, exposing said
ground plane; and
15 an electrically conductive plating material applied over the
interior wall there through and electrically connecting to

the exposed ground plane providing at least a partial

perimeter shield for the printed circuit board.

20 22. The EMI shielding structure of claim 21, where the perimeter

encompasses a portion of the printed circuit board.

23. The EMI shielding structure of claim 21, further characterized by:
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a second trench having an interior wall and extending wholly
within and in parallel with an outer perimeter defined by
the first trench and extending through the printed circuit
board layers and extending to the ground plane exposing
5 said ground plane,
wherein the second trench interior wall is plated with an
electrically conductive plating material applied over the interior
wall there through and electrically connecting to the exposed
ground plane providing a double trench shield.
10
24. The EMI shielding structure of claim 21, further characterized by:
an EMC sensitive track of conductive material extending wholly
within and paralle! with an outer perimeter defined by the
first elongated through-hole and disposed between circuit

15 board insulation layers through which the trenched

through-hole extends.

25.  An EMI shielding structure for a printed circuit for shielding a plurality of
wire trace layers that are electrically isolated by printed circuit board

20 layers characterized by:

a printed circuit board having a plurality of wire trace circuit
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layers and a plurality of printed circuit board insulation
layers there between and having a grounding plane layer
with all layers bonded one over another,;
a first trench with an continuous rim about an opening of the
5 trench at a top layer of the printed circuit board and said
trench having an interior wall and said trench extending
around a perimeter of the printed circuit board;
an electrically conductive plating applied over the interior wall of
the trench extending and electrically connecting to the
10 ground plane and extending to an wrapping over the rim
and extending laterally from said rim forming a lip; and
an EMC sensitive track coaxially extending through a partial
outer shield defined by the trench interior wall, the plating

lip and the ground plane.

15
26. The EMI shielding structure of claim 25, further characterized by:

a second trench with an continuous rim about an opening of the
trench at a top layer of the printed circuit board and said
trench having an interior wall and said trench extending in

20 parallel with the first trench around a perimeter within the

first trench; and

an electrically conductive plating applied over the interior wall of
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5 where the EMC sensitive track coaxially extends through an outer

shield defined by the first and second trench interior walls,

the first and second plating lips and the ground plane.

33



