"‘CI. RCU T BOARD W TH PRI MARY AND SECONDARY THROUGH HOLES in _
Qtle Y0 a b

"BACKGROUND COF THE | NVENTI ON The present invention n
i mproved nulti-layer printed circuit board capabl e of achi eang hi gig ¢
degree of wring density. As nmodern chip carriers becore re |9

conpact, it becones ever nore difficult to connect the carrielr:v.[? .5$o
under |l ying circuit boards without shorting between adjacent elé€ {fl al
contacts. Accordingly, it is desirable td develop a new design for circuit
boards which will allow even greater wiring density than possible in the
past. - *SUMARY OF - TAE | NVENTI ON The

i ndention discloses a nethod for optimzing wiring density for a

mul tilayer circuit board for receiving a chip carricr having a high density
array of electrical contact pads arrayed in a grid pattern, conprising/the
steps of; CIRSUGT BPARD aWITH tRRIMPRY ANDCSECQNDARY MHROUGHI mgx.gslt\??/r ate
havi ng upper, lower and intepAsikcRUGNBCES THE TNVENTIBRI M NG @ pluralfty of
el ectrical contacts on said upper surface for colmecitng to said-

el ectrical pads of said chip carrier such that said electrical contacts
forma first and FPScPBRBe’etinyentlion: retates dot ant umicvieidnmal gi viayer ea
cor r espondi ng grriramid cgircdief bohbe 68P4BTY FPRdRHARBVERG thﬁ??ﬁaéééféé of
form ng a plurali (&fengg_{:ﬂgr_y through holes in an interstitial pattern
within -said given area through said substrate beneath said grid of said
chip cariier extendFnfeIrFBnrREP CafFiarss berare mere qampprgtseit gpecomes -
el ectrical corvest snore sdififiovar sor tangedd 6B dcasiibsts o€, underlying
forning a pl ulclidut t0fhoh2aandatkob b BHOR NI A5 dllel Wni8BLL. SUPSLLAL Sy
outside the area occupjed by said intersti ,|a(T pat &rd®benea SaIJCFgI‘Id
of said chip & 'aézﬁ:s-‘eﬁ't"é?l’a‘%rﬁﬁ%fyr'oﬁf:o% defirabte dio dgvalan isspeytdesigmno
dher surface dfor gipewit dogrds-which will allow even greater wiring density Pl 0
iM RHE O tHamr Possible in the past.

SUMMAR¥ OF THE INVENTION
In accordance with the present invention, a novel multi-

layer circuit board is provided. This circuit board includes
primary through holes arranged within the grid defined by the
electrical contact pads of the chip carrier, these primary
‘through - holes being "arranged in an interstitial array
corregponding to a subset of the contact pads on the chip
carrier. Those contact pads on the carrier not connected to
one of these primary through holes are connected to secondary
through holes arranged outside the chip carrier grid. '
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a fourth set of connections on said |ower surface of said substrate:
connecting the first set of said electrical contacts to said primary
through holes and connecting the second set of said electrical contacts to
. sai d Secondary through holes with wiring |located on a surface of said

Substrate; and connecting the2secondary through holes to said
fourth set of clectrical contacts by wiring on one of said surfaces of
sai d substrate. The invention further discloses a multilaycr

circuit board for receiving a chip carrier having a high density array of
electrical contacts arrayed in a grid pattern that optimzes wiring -
density, said circuit board conprisin .~ amltilayer electrically
i nsul ating subst r &PBRAGLIRG %ﬂﬁe@mFo‘aferthénﬂh?‘Ht"ear’?F&Ier SoRfagepads to

a plurality mhrehzghtlmhﬁ witohinathe gnidaledinpfary shefddp Earriampenisng to

said electriggal Hadsify saidberifa éﬂteruﬁtmht hig1e3al th eLRELT 1:5@a,
contacts forma f| rst and, a sec el.ectrical contacts |ocated

within a givéfeEFeY TorTedsoRarH rFSeEaﬁ"H; Yoo FEACEE O aBRAPRRISTS the
chip carrier;land sizes to pepharatnedatsd ini hhege tanemsghetoters adjament

Ib nter SL it Ih al umbhghn meutely n Sehils g AN turd, eafatdm@.uahesahdgﬁebst#ﬁtﬁ%

eneat t he rie ext romsal upper. _surtace
Porathird sheedty S8 QEMBERY, Kot il Whe EQML AR ontBREEALL
substrate; contact pads fo Ehreegh dolesctorpfiad Prteidm thel ebir inasugiesai d
substrate oulgdide sDi6ws @@nse@C ittt bynsakd | Ghes Sicakirer pattirerieneat h
said grid of c%%'t@i%ﬁ't_?ri&aéé 'c%rmp%?&:ﬁgghpg As a result, through the use of

blind vias, wiring density and flexibility are significantly
improved, while.overall device compactness is still maintained.

BRIEF DESCRIPTION OF THE DRAWINGS ,

The présent invention may be more readily- -understood by
reference to the following drawings wherein:

Fig. 1 is a schematic longitudinal section illustration
of a portion of a multi-layer circuit board made in accordance
with the present invention, the circuit board having mounted
thereon a high density chip carrier;

Fig. 2 is a view similar to Figure 1 but showing
additional layers' of dielectric material and circuitry in
accordance with this invention;

Fig. -3 is a schematic 111ustratlon of the array of
electrical contact pads on the circuit board to mate with the
contacts on a chip carrier; .

: Fig. 4 is a schematic internal plan view illustrating the
array of primary through holes in the circuit board of Fig. 1.
which are located within the grid defined by the chip carrier
of Fig 1; and
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. from one surface of said substrate to another surface on said substrate;
a fourth set of electrical contacts on said | ower surface of said substrate
connected to said secondary through hol es;

2 wherein the first set of said electrical contacts is connected to
said primary through holes and the second set of said electrical contadcts -
-i's cornnected to said secondary through,;holes on a surface of said
Substrate; and wherein the seconaary t hrough hol es are connected to
said fourth set of electrical contacts by wiring on one of said surfaces
of said substrate. BRI EF DESCRI PTI ON OF THE DRAW NGS
The present invention may be nore readily-understood by reference to the
follow ng draw ngs wherein: Fig. 1 is a schematic |ongitudina
section illustration of a portion of a nulti-layer circuit board made in
accordance with tH@pPeint FMAIRELGNINEHRY PLEPL VERDA I "HAR N §OnBLdt ed

t hereon a hi ¢gh stemsngytihithroaghilgrles located-bgthZinsside andwutisiideatheo
Figure 1 but ghawdigriaaddiikonal layers of dielectric material and
circuitry in accordance with this invention; Fig. 3 is a schematic

il lustration of the array of el ectrical contact pads onachip carrier;
Fig. 4 is a schematic internal pRRPAILED)\DESCREPFEON ng the array of

primary through hal€ferringh€o @ilgtUl} Padkeldhuldid-laler cideit MoRrdosat ed
within the grégcél?c{é&%d w.bL¥.ht pﬁe %me%e%@r {A&éntio%f, Eiegexl'élﬁp C:il.ndicat:ed at -

) - 10, is composed of three layers 12, 13 and 14 of electrical
insulating material such.as FR4, a'glass reinforced epoxy.. The

layer 12 has an upper surface 15, the layer 14 has a ld_wer

surface 16 . .and two intermediate internal surfaces 17 and 18

are defined between layers 12/13 and 13/14, respectively. In

addition, circuit board 10 includes a plurality of contacts 20

on. the surface 15 of the substrate. These contacts 20 are

arranged in the pattern of the contacts on the I/C chip.carrier

to be attached, which will be referred to hereinafter sometimes

as the grid. Some of the contacts 20 are connected by blind

"vias 21 to- filled plated through holes. 22 directly
therebeneath. These holes 22 may terminate at surface 18, or,

as’ shown in Figure 1, may continue through to surface 16.

These holes 22 are sometimes referred to as the .primary holes.

-Others of the contacts 20 are connected by vias 21 to wiring 24

on surface 17 or'_18 which, in turn, is connected to p'lated

through holes 26, which can extend entirely through the

substrate of extend from any surface 15, 16, 17 or 18 to any
other surface. Moreover, wiring traces 24 can be provided on -

any of the surfaces 15, 16, 17 and 18 to interconnect holes 22,

" or 26 or vias 21 or pads 20. The spacing of the holes 22 and

26 allows for this wiring as will be explained presently. As

will be explained in more detail presently, the plated through

holes 22 are located within the -grid pattern of the chip

carrier, and the plated through holes 26 are located outside

the grid pattern. As shown- in Fig. 2, element 13 may be
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3 Fig. 5is a schematic internal plan viewsimlar to

Fig. 3 showi ng the through holes | ocated both inside and outside
t he interstitial grid. - DETAI LED
DESCRI PTI ON Referring to Fig. 1, a novel nulti-Iayer
cirguit board in accordance with the present invention,
generally indicated at ' 10, is conposed of three layers 12, 13
and 14 of electrical i nsul ati4ng material such.as FR4, a gl ass
rei nforced epoxy. The | ayer 12 has an upper surface 15, the

| ayer 14 has a | ower surface 16,.and two internedi ate interna
surfaces 17 and 18 ) are defined between | ayers 12/13 and 13/ 14,
respectively. In addition, circuit board 10 includes a
plurality of contact e_.su ce, 15 f the substrate. .
These cont act SO™RF °(% '““1*511’1'3a]rarya{i‘ﬁ’ﬁeﬁQ ?%%%iﬁtc[ € Faﬂ?h ‘gol?ﬁ“é%ts on

the I/ C chi p.m@htrxpleef wiring layensp e withhghetk thathcanpiniznteefeitied to

hereinafter sgr@tddieehrough holes a2 4 Hd.d. EHE®:s 1 HONRE Bowdr are
connect ed by

oreerl o4 P sursace ag ot Trovifeatits atdou Si1aBs a1 bR L0 WnnldBl Bng 22

18, or, circuitysbopsdn I Fpgmedsl 29mencampenenthr oligh t 8hewRY ace-
16. - (sithEBar konfec2ons erepmate R eher &bod finatt blierpgi NBIY-

hol es. This - a%%% £8 4 g 0&&@&% Wﬁ g%&ﬁ%@e%% R¥n¥kated e 0 -
W ring 24 on surface turn, 1s connecte

pl at ed a substgalg P HRAEs - ang thﬁ/rﬁ](ﬁ?té”&ﬁaéﬂ%ﬁ‘&céﬁt’w (—ﬁ")’FePﬁr%’E@h t he
substrate or pkideed - thooughy helebaapread ut lbeyondl8itvtersbitial grid

ot her surface, ?té@fr?%‘ﬁ&%%rdn&% E:Béﬁ%rzélfﬁib Ba Eﬁ&@u@%ﬁc@%zls and 16

any of the sur ces ngd 1 | ntefcopnect 2;gll es y3 _
or 26 or vias® 'B?r$éif$°“2(§°rTHér§’ﬂ%c‘?rhd:h5*f 1f‘ﬁ%rh?ﬁe%f emeRc 26
allows for this wiMountess oni birpeitehvlaadnte im ddoht dsnsits chip carrierwj | |

be explained 3§. rr@ﬁelé@tﬁb‘hetprﬁﬁ%@cEYBZ'; h@niﬁ aéaexehtefy @dJRefines a highol es
22 arelocate Wlt I n_the Ler, and

ca

Cheprateq s gﬁ b o, B SO Shntdh, Bl 34 arvangeg VRERLE'
pattern. Asgshevit idefingd by eé-leéﬁﬁhf’ak?%?%d’a‘FEPEAEEI\FENTaSHEEQ‘ate
' (see Figs. 3, 4 and -5). Solder balls 35 connect pads 34 to

pads 20. Contact pads 34 are closely packed together in an
array and arranged, in the particular embodiment shown, in
columns 36 and rows 38 perpendicular thereto (Fig. 3). The
contact pads 34 are in the same array as contacts 20 on surface
is ofnthe substrate. :
As further illﬁstrated in Fig. 3, electrical contact pads
34 are arranged in two groups, group A and group B.- In
particular, electrical contact pads 34 are arranged such that
adjacent contact pads in each column, and adjacent contact pads
in each row, are in different groups. This is shown in Fig. 3,
where it can be seen that the two electrical contact pads 34
 which are immediately adjacent "B" electrical contact pad 34 in
column 40 are in group A, while the two electrical contact pads
34 which are immediately adjacent "B" electrical contact pads
34 in row 42 are also in group A. The pads of both group A and

group B can be connected to surface 17 with blind vias.



-4 conprised of nmultiple layers of dielectric material and have
multiple wiring layers 24 within it that comrunicate with plated through

hol es 22 and 26. Contacts 27 on the |ower surface 16 are provided to all ow
sol der balls 28 to connect the circuit board 10 to pads 29 on conponents

( not- shomn) (Simlar connections are nade with the enbodi nent of Fig. 1.)
This allows for a high density chip carriger to be connected to a substrate
surface, and the electrical connections éxtend from plated through hol es
spread out beyond interstitial grid pattern allowing nore roomfor wring
on the surfaces 15 and 16 and nore roomfor.wiring on the interior

of . el enent 13. Mounted on circuit board 10 is high density chip .
carrier 30. Onrits |lower surface 32, chip carrier 30 defines a high density
array of electrlcal cont ac ads 34 arranged wthin a grid 44 defined by
el ectrical contactDaBSC37F1Fe Het g"r*@ga&r@‘ge(‘§eénlfﬁﬁ§l°13' ghyeupis)  or
Sol der balls BSim@rmek;tolqemd& e ayradgedOin Sontmodr gradd al4 paceeehooe! v

packed toget hgirkp bt abaylaaag & rtaegaiiray thJS'F eq%ﬁ;ﬂugi‘r ﬁ%&%@rgs Ak
shown, in col ggnan iand rovs per qdl‘g q'a?t‘{ elzeto

contact pads are 11 the %?\ﬁe BEEAYS T AEERES THAL he
substrate.  theaitems tiferthe Iaemwa@ea 3rrapged 3n rdestand aloluonsasuchads
34 are arrangeHatntheoigeaspsn @h@uléo&uﬁ\ﬁdaﬂéoaﬁf&tlEr&ﬁlréhéuké‘éms 1n

el ectrical co cent, cont ads in
each col um, Q&g%dggg%%t% f}‘%':l%n gf’{’%%?%ltﬁeli&ac% ?‘81%&} S?‘ﬁtiﬁ‘?? E’Fgﬁp
groups. Thi sthe §T1%‘Wf’l im thy. c@u“WhergY { cerresRoning thaprrhy 8@8 is

el ectrical comeaot phas ﬁﬁlm&u—y:htmmgmat eby aa.dgﬁca&t ngtéi:e%tﬂ:hca'

contact pad 34eid @&hugﬂ CL [

contact pads 3 ?1 cjf_ ﬁ;é@rﬁéﬁi at e y ad aéi(‘as\rlr\?‘i %”A '?hcéml ca 1%%n$§0t pads
34 in row 42 SPECLFIPIY gMatR MB" miestEdsaliconkartyPads ¢ oft theo@BiB can
be connected carziefabe the wetdribhlad emlasiiment shown.

This is 111ustrated in Fig. 4 which shows the pattern of
primary through holes 22 in circuit board 10 as observed in the
middle layer 13. As can be seen from thl§ figure, each of
primary through holes 22 is arranged 'in a column and a .row in.
thé same way as electrical contact pads 34 in chip carrier 30.
In addition, primary through holes 22 are arranged so as to
register with corresponding electrical contact pads 34 in the
chip carrier. However, since primary through holes 22 are
offset’ from one another so as to form a corresponding
interstitial array, the number of primary through holes 22 is
approximately one-half the number of electrical contact pads 34
in the chip carrier. Thus, primary through holes 22 register
only with every other electrical contact pad 34 in chip carrier
30 - in particular, only with "B" electrical contact pads 34 in -

_ chip carrier 30 in the embodiment shown. _

With this arrangement, approximately one half of

electrical contact pads 34 of chip carrier 30, i.e. all of the

“B" contact pads, are electrically connected to primary holes
22 of the circuit board which are directly beneath the B
contact pads 34. These holes 22 are contained within grid 44
which is the outer boundary of the connection pads 34 on the



"5 In accordance with the present invention, through or primry
hol es 22 are arranged in an interstitial pattern or array corresponding to
the array 32 of electrical contact pads 34 in chip carrier 30. By
"interstitial array” is neant that the itens in the array are arranged in
rows and col umms such that the itens .in one colum-are offset fromthe
i.tems-in adjacent-colums by approxi matgly one half the distance between
the itens in the columm. By "corresponding to array 32" is neant that
primary through holes 22 align or register with selected electrical contact
pads 34 in chip carrier.-30 -- specifically, with "B" electrical contact
pads 34 of .the chip carrier in the particular enbodi nent shown. Thi s
s illustrated in Fig. 4 which shows the pattern of primary through holes

22 in circui tclb%r @a%Qlé:? alser V@Hlé nlkgeeé” Q%ﬁoiﬁb{&reljﬁ ha¥¥ 68N dik seen

fromthlsflgur each es 22 is arranged i | um
and a .row in® \?/Sgr’égagl °(§’tt|al ggl ‘l;crh"gc?af)’é’aes 38 %hl%l]ia? i er
30. In addi tl‘éhe pH'har%llQQfm?G@H h&PBSacLs ar rearinnged §@rase¥%f=¢1@g¥%1t er
wi th corresposghmgeteictin erlothent Ashingnds Gt ii8 tbebehiuRdététddd -that

However, sincg, Pé'é&arlksgh&ﬁ%zgg}gﬁg gﬁnzﬁe o%n[%f Eé&t n%h%’f ”Ezar‘B&PecErh 0 as

toforma corres ondlng| arra primary f ough
hol es 22 is apptoHxdFet dI¥pPisas- ﬁﬁ!‘?lﬂ‘%@%ﬁ‘bér of eI ectri caI contact pads 34

in the chip carrieln adbosdapré maiyht kheugirebehes iddenegost en:heaby "Rt h -
every ot her eéf%ééffé‘él At sPafe %%dr%c%@h A1y v§gs a‘f]{h ar,

only with "B" ectrical contact In ¢ carrier

embodi ment shi')?z\ﬂes or trafeR 34 pRd Z?? IdEirhe 2 F'BQP?TER%F?"BF:@ Wi ¥ngh
el ectrical cohapers pmtssBdwmfonchupfms 8¢ 13, 17.and aBltwfthehged@idaont act

pads, are el eEEfb&é‘ﬂx'ﬁbl‘é%nQGC&l@ﬂcﬁ Qxiaf lH@éUed‘%'u%%:.&@ e gﬁdchacw-fh};g)ard

which are direct]y b egah %1 % {)@?% esehl%s

cont ai ned witAfrt ‘15 TRESQNTE R P T e Bt ofify bpe BHEtESn ’6?‘?%’?1 pads

34 on the holes 26 are located ocutside the interstitial pattern in the
grid 44. This can be accomplished in accordance with the
present invention by any conventional means. For example, the
surface mount technology (SMT) techniques and the blind via
technigues described in U.S. Patent No. 5,424,492, U.S. Patent
No. 5,451,721 and U.S. Patent No. 5,487,218 can be used for
this purpose. The disclosures of these patents are
incorporated herein by reference.

Many approaches have been taken in the past for maximizing
wiring denéity. When through holes such as primary through
holes 22 become too closely packed, the maximum number and.line’
width of the traces that c¢an be accommodated between adjacent
holes become .'significantly reduced, especially in intermediate
planes as well as the lower surface of the circuit board. This
is a particular problem where the circuit board is designed so
that most if not all of the through vias in the board are
formed or "dropped" within the grid of theé chip carrier.
Arranging some of the through holes in an interstitial array
within the grid -and others outside it, as described above,
greatly lessens this problem as considerably more space is
provided between adjacent through holes.



6 chip carrier 30. This | eaves approximately half of the remaining
el ectrical contacts of chip carrier 30, i.e. all of the "A" electrical
contacts, remaining for electrical connection in another manner. (It is
to .be understood.that nore or |less than half can be connected to holes 22,
but one- "half is a typical configuration.) In accordance with the
‘present invention, these "A" electrical contacts are connected by blind
vias 21 to wiring lines or traces 24 and/or nmultiple additional or second
wiring layers not shown on surfaces 15, 16, 17 and 18 to the secondary
through hol es 26 which are |ocated outside the grid 44. This is illustrated
in Figure 5, which shows that the plated through holes 26 are |ocated
outside the interstitial pattern in the grid 44. This can be acconpllshed
i n accordance wi thitt heipl esbetrefowenbe orppyeaintasbnuizat | anadngeseast bdr

exampl e, the SWESRAE HOLY 46 CHNIOMY bidlhceeaRnl guesaas siféf plipd-ry 2

h d
5001 955° o Ekraisit piies il Mirelsisnt sbareiin (@t cChe, Phages

The di scl osupetweas aljhadiacent shroughheleacin pdeadevi¢rey ei At hhe shmeence.
Many appr oachesméave RESH Kedithe dé%.cﬁaééonféﬂrymaé(é 4 %hole\Mdd dgmpaesi ty.

When t hrough Qol %3;5%3'_%& as phla ryrémﬂught()? ?ﬁgg% Qecg?rr?ﬁ;oo cLog?llex,_

packed, the maxi mum Aunb ine W dt h rac
acconmodat ed %%?Wldﬁf aéérﬁr%eé'sd?i%h‘el%F@ﬁPPP%Eﬁﬂlleled’cﬁé&hle"ed -
especi al |y i nwitheutmegidaly Pharasiag v ovasalbesilzenet ther 8avece!l This

circuit board; ThHES 'f-;ét?cﬂiié_lc' ?Plréfét%é;b%rﬁ frack JAELE él'la%t%&.%&é‘ tcan%%&x@nt%

designed so that no not Hg vias I1-n t board are
formed or "drGPPpE™iRIGHUFIAE LGP 45 A FMEIBRRY. 98=krier. Arranging sonme of
the through hol es Althoughonlyt at fed eabpdjmentsiof the preskentarshvenitdion
outside it; aga{exddiDul-2Rq¥%8a &B&?é | Y ¢! 88SENS Yehh Qé@{’é@é& 5\§1at many

consi der bl 1986 $08CF L5 ALY Ued. Ul HEE0 AAReR, HALOUIR JOlE8 ana

scope of thej:-:.nvent:.on For example, although the foregoing

description has illustrated the interstitial arrays of Figs. 3
and 4 as beling composed of .orthagonally-arranged rows and
columns, it should be .appréciated that an interstitial array
can be composed of rows and columns arranged at an acute angle
with respect to one another or even arranged in a circle. 1In
addition, it should be appreciated that the holes 26 also can
be filled plated-through-hole as are holes 22. All such
modifications are intended to be included within the scope of
the present invention, which is to be limited only by the
following claims: '



"It will therefore be appreci ated that arrangenent. of through holes 26
outside the interstitial array of primary througambﬁs 22 al | ows
a

suf ficient expansion of the spaces between all !!lﬂjlﬂm;m" les in
as a

the device. At the sane tine, it also keeps the
whol'e, .as conpact as possi bl e. As a result, the desired goal s of higher
flexibility and greater density in conponent wiring is achieved w thout
unduly increasing the overall size of the &evice. This is of particular
advantage in nodern el ectronic conponents where mniaturization is a

conti nual goal . Al t hough only a few enbodi ments of the present

I nventi on have been descri bed above, it should be appreciated that many
nodi fi cati ons can be made wi thout departing fromthe spirit and scope of

t he inventi onydQagwanpl e, although the foregoing description has
illustrated the interstitial. arrays of Figs. 3 and 4 as being conposed of
orthagonal | y-arranged rows and colums, it should be appreciated that an
interstitial arraylecan Bemgdkbobayehf cixmiitarkpars diars rgaedvdod & cimimcute

agg! e W th respaetierohavtngrohligh ﬁnﬁt@naﬁ&éﬁweélé@tﬁdﬁﬂ @bﬁgab? altd%

addi tion, It%nﬁ‘% e aPR' t i ;58n be fille

pl at ed- through lng’egs grg ﬁﬂ‘& e%zup%EKH}ft miﬁsd c%:% s are intended
to be included witRfn KUREEIEPL LY 1Pﬁ61$ﬁ"é§érﬁuk?srﬁfé’ﬁel é”f"r“’lﬂﬁl MpHey tande
limted only Bwelre shelfbhoasng cl ai ns: REPLACENMENT

SHEET The cl ai I
A net hod for Otﬁml m%?%ii%mﬂ%% 6%%%??!@{]&&?%0@1%F? |§ &9 éaq\gs}lgﬁ t: %%%ﬁ%éef or

receiving a c HAvi ehleéﬁcﬁﬁﬁ%? yeRTAGF Radq &h refatf‘aﬂ DR act

pads arrayed darxiegnid pattern conprising the steps of;

providing a nultil &vearete@tﬁrs‘gﬁllhyermlatg @Qeéé‘?ﬁééﬁ%n'ﬂ%&tggtﬁ@f@fn,
| ower and internal sur of el CCtI’j

I
contacts on said uﬁ‘ chﬂﬁf%%%ll}%}aXSHnlé%‘ﬁ%wgrlng tra.celst ¥.here1n, ga

second wiring layer be;.ng associated with the upper surface of
said substrate, :

wherein said circuit board has primary through holes
arranged within said grid in an interstitial array and
secondary through holes located outside said grid, said primary
through holes being in electrical communication with respective
first electrical contacts of said upper surface,

respective second electrical contacts on said upper
surfaces being in electrical contact with said second through
holes.

2. The circuit board of claim 1, wherein the electrical
contacts in said mounting pad are arranged in columns and rows,
the electrical contacts in each column being aligned with the -
electrical contacts in adjacent rows, said electrical contacts
being arranged in groups of first electrical contacts and
second electrical contacts such that the contact pads
immediately adjacent each contact pad are in a different group
from that contact pad.
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to said electrical pads of said chip carrier such that said_electrical
contacts forma first and a second sct of electrijcal contacts mﬁthln a
given area corresponding to said grid of the con)ﬁﬂ chip
carrier; formng a plurality of primry an
interstitial pattern within said given area through sald substrate beneat h
‘'said-grid of said chip carrier extendln% fromsaid upper surface to a
third set of electrical contacts on said | ower surface of said substrate:
formng a plurality of secondary through-holes through said substrate

out si de the area occupied by said interstitial pattern beneath said grid
of said chip carrier extending fromone surface of said substrate to

.anot her surfacc of said substrate; a fourth set of connections on

sai d | ower surfacezof sgid c?t%%t:.'i:abgard of cla:.m @OnQﬁg}éﬂg éat'ﬁ fdd1timmet Of
said electrical .contacts to sali pri mar, es a connecting the

0
second set of 2B HO¥F 1% i ?ﬁﬂaqgﬁﬂt3&t§l§5t§§ﬁgg%§fbﬁﬁﬁr9n° Fitough hol es
with wiring | ocat e#l- on Thes gifrgsd tobogxddof ubtaimi2e; whstein said primary

connecting t hens8GgRURGYed NHraUgi 1heldes to said fourth set of electrica
contacts by wiring on one of said surfaces of said substrate.

2. The nmethod of claimwherein said plurality of electrical contacts

on said upper surface Bhe dmvesfdensuel tfefinetk dmecelptml 2orffwdited orm

col ums and r enaraatérred|Be blind viast fatefd@ifddtdnt the Sotstlagiscing -

have an electihggL E?”Eﬁgn %égythyglngeggpgrset directly next to said
ct o

el ectrical cont sard TiTst set 3. The net hod of claim
2 wherein said electrical contacts on said.upper surface formrows and
colums that are o6thogrimal circuit board of claim 2 wherein said first

wiring 1ayer is on the lower surface of said substrate.

7. The eircuit board of claim 5 Whereih said second
wiring layer is carried on the upper surface of said substrate.

8. The circuit board of claim 6, whérein said second
wiring layer is intermediate the upper and lower surfaces of
said -substrate, and further wherein the second electrical
contacts of said mounting pad are electrically connected to
respective wiring traces of said second wiring layer by means
of blind vias.

9. The circuit board of claim 8 wherein said circuit
board includes multiple second wiring layers intermediate said
upper and lower surfaces, at .least one second electrical
contact being in electrical contact with each of said second
wiring layers.

10. -The circuit board of claim 2 wherein said second

wiring layer is carried on the upper surface of said substrate.

11. The circuit board of claim 10 wherein said second

wiring layer is intermediate the upper and lower surfaces of
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4. The nethod of claim 1 wherein said second set-of .sai.d_electri
contacts are connected to said secondary through hol e

5. The nethod of claim| wherein secondary throu @gﬂ”@jﬂwﬂﬂ

| ayer fromsaid | ower surface of said substrate and are

Jfoeurth set or electrical contacts on said |ower surface of said subst

by &a-one | ayer via. 6. A multilayer circuit board for .
receiving a chip carrier having a highl0density array of electrical
contacts arrayed in a grid pattern that optimzes wiring density, said
circuit board conprising; . a multilayer electrically insulating
substrate having upper, lower and internal surfaces: a plurality
-of electrical contacts on said upper surface for connecting to said

el ectrical pagdsaofsasitdagl, pa@ﬁr rﬂxﬁrth%&chmte&aansahd eeohai @alecﬁeabamts

forma Tirs! silabee® 82008 actols Sl Sk So0tarlalgral el poa

gl ven area correspondl ng, contac

carrier; respectivg| Wiiwing }réFeﬁr?ﬁﬁray‘dt figerrsh WHGPEQ lavem hyhi“éf@ﬁl t al
pattern w thiof $diithdgii@s. area through said substrate beneath the grid of
said chip carrier extending from said upper surface to a third set of

el ectrical contacts on-said, | ower surface of said substrat e;
REPL ACENVENT SHEETl The circuit board of claim 11 where:Ln said c1§gu1t

a plurality dfoasectndiudes mudtigblé ceeontdwiniigly bayars ubsern¢diang siedd sai d
area. occUpi alak sakdl 18her Shubiabedat 1€ 1eRBACRHE SAUnEI Il lcztgkd ohip
carrier extending ftomong %%{(ﬁge of said su %ga tqﬁ@not surface on
sai d subst r atEntact beINng,ip Gi o? %ﬁ?} eRaGH 1 % 18 35h 28589 ower

surface of saudﬂsubéaware- connected to said secondary t hr ough hol es;

13. 'The circuit board of claim 1, wherein said circuit
board defines secondary through vias arranged outside said
grid, said _secondary' through vias also being in electrical
communication with respective first electrical contacts of said
mounting pad and also with respectivé wiriﬁg traces of said
first wiring layer.

14. The circuit board of claim 13 wherein said secondary
through vias are arranged in the same interstitial array as
said primary through vias.

15. A method of forming a multilayer circuit board for’
receiving a chip carrier having a high density array of
electrical contact pads arrayed in a grid comprising the steps
of; .

providing an electrically insulating substrate having
- upper and lower surfaces, ' .
forming a plurality of electrical contacts on said
upper surface for connecting to the electrical-contact pads of
said chip carrier,
forming a first wiring layer having electrical
contacts therein,
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wherein the first set of said electrical contacts is con
primary through holes and the second set of said el ectri\( H!!'
connected to said secondary through holes on a surface

and wherein the secondary through holes are connect ed to sai d
fourth-set of -‘electrical contacts by wiring on one of said surfaces of
sai d substrate. 7. The circuit board of claim 6 wherein

said plurality of electrical contacth! on said upper surface are aranged
such that the electrical contacts form colums and rows and an el ectri cal
contact fromthe first set does not have an electrical contact fromthe
second set di rectly next to said electrical contact of said first set.

8. The circuit board of claim7 wherein the rows and col ums forned
by said electrical confa¥rindit Sfcgrdppering dpyes Breing tHogasaltraces
9.. The dheteinh hsasdiabfed Wakthn €aidheppen sihefdceubfhsatd safbstlrattr,i cal

contacts are connect edePmeﬁéCL §QGQQE‘§E§’0¥“§P&W%&&; W %Pés w::.thﬁ.n
10. The cirquit boa | es

8 V\£ ‘_gd sec r!)/ % rou 0
stop one | ay&*r 9ht d1ndaPo’tWr§ﬁr1Fé% a&ﬁ""%’aﬁ Ut aft ected
to said el edovgdl hodas attcatmd satdifeverids griidce of said substrate by a

one |ayer via. elecéil-lcally EBensbE Gy tsatiaabélaarflmf&fw%&%w said
primary throu hotl.es ar e (i

REPL ACENVENT rst e ectrlca ‘contacts on said upper surface, and -

Z| FANO 19 electrlcally connecting second electrical contdcts on sald

upper surface with said secondary through holes.

16. ' The invention as defined in claim 15, wherein said
first and second wiring layers are interconnected by blind
vias. '

17. The invention as defined in claim 16 further
characterized by forming multiple wiring layers interconnecting
the upper and lower surfaces.

18. The invention as defined in claim 17, wherein the
layers of wiring are interconnected by blind vias.
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