1 4 AUG 2008 A Mdular Integrated Crcuit Chip Carrier The present
application clains priority under 35 USC 119(e) fromUnited States
-provi-si-onal..application serial nunber .60/360,473, filed 26 February 2002 .
and entitled A Mbdular Integrated GCrcuit Chip Carrier. A portion of the
di scl osure of this patent docunent contains material that is su Fe@@ﬁu@ﬂﬁ
copyright protection. The copyright owner has no objection to facsimle
reproduction by any one of the patent disclosure, as it appears in the
Patent and Trademark O fice patent files or records, but otherw se
reserves all copyright rights whatsoever. FIELD OF THE | NVENTI ON The
present invention relates to an integrated circuit chip carrier. Nbore
particularly a carrier that allows for an increase in the density of
integrated circuit (1C chips nmounted on a printed circuit board and anong
other things, is adaptable to connecting a wide variety of standard IC chip
package designs to a priyn ol I Chin@cpgee di nensional array as
wel |l as a system and netﬁ%%ﬁgggiﬁgg%%$ﬁgﬁ?ﬁétggrrier and chi ps while al

are connected into the circuitry of a larger system BACKGROUND OF THE

| NVENTI ON Semi.conduct or ,.chi are.typi gah , redut LRtgdngi reui t
board or sinif@PPEf?%%?B%QOI?ﬁg?ﬁfﬁ%ﬁhgﬁ3%§§§§g@§ﬁg§?gﬁ%ﬁg&gﬁkggginto t he
rest of Chpiditton el miriter 6TRTRilvd AT bty 200 hendehiifedg Modulgpategpisd

i ncluding other chips on the printed circuit board. In the past the chips
vere spre&d 8t P 58F6ss the printed circuit board on their | arge flat sides
in a sinple twypdhBBsihemakioant aythisQaent dduement eartsnt metendl dld is fibepdo

conmput er industry has en towards nore dense| 0f | Lops of
chi ps. on SBPEHPLIFGH AlF PPBOL B RRBREIT G Baea o ar TR ohRE
i ncr easi ng, danRNtkf Qe lhal ggfears hipMd oA aaEBadaoNpOiee prentics esecaéneid for

faster conputers, demand for re coggact conputers and a push to decrease

costs of phieftiEdesieel CPYERFFAcfeasi ng the circuit density on the

printed circuit board. In the and to late 1980's the industry sw tched over

froma technology that attached conp - i to a printed circuit board
t hrough holes in the printed @ﬁﬁéapf?%@iwﬁﬁﬁﬁﬁﬁﬁe -1

The present invention relates to an intégrated circuit chip carrier. More particularly a carnier
that allows for an increase in the density of integrated circuit (IC) chips mounted on a printed circuit
board and among other things, is adaptable to connecting a wide variety of standard IC chip package
designs to a printed circuit board in a three dimensional array as weill as a system and method for

testing the carrier and chips while all are connected 1nto the circuitry of a larger system.

BACKGROUND OF THE INVENTION

Semiconductor chips are typically connected to a printed circuit board or similar structure
that in turn inferconnects the chips into the rest of circuitry of the computer with which the chip will
operate, including other chips on the printed circuit board. In the past the chips were spread out
across the printed circuit board on their large flat sides ina simple two-dimensional array. Overthe
years the trend in the computer industry has been towards more densely packed configurations of
chips on a printed circuit boards. Among the catses for this are the increasing demand for larger
random access computer memories, demand for faster computers, demand for more compact |
computers and a push to decrease costs of printed circuit boards by increasing the circuit density on
the printed circuit board. In the midto late 1980°s the industry switched over from a technology that

attached computer chips to a printed circuit board through boles in the printed circuit board to one
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UG219 0 6 that uses various surface nmount technologies. with tile advent
of surface nounting technol ogy, conventional through-holes on printed
.cl-rcui-t- boards have been.replaced wth conductive nounting . pads, o ntﬁg
the surface of the printed circuit board. The chips are connect ed*t 0
board by |leads in various configurations such as DIP, etc- This allows for
multiple layered circuit boards with a conplex netmnrk of i nterconnect

| i nes runni ng between the layers of the circuit board. In turn this
allowed for the increase in the density of chips on a printed circuit board
that not only decrease the size of the board but al so increases the
operating, speed of the conputer by reducing the distance signals have to
travel between chips on the board. The nove to surface nount technol ogy
resulted in the practice of poahomngI he chi ps.on ted circuit

board in #habuch srpupiirisenmpglabiobssst 8 s “"c%‘ilfﬂ“’dBWE{?’P%/%BHm {9

circui t board, . and.LhBneRY oISeieRS @Lutt}ﬂ@l A6iaS¢ BRE @pﬁ@é@&ﬁ&&oﬁdﬁﬁn&hﬁcﬁlﬁm’[go speed
up operation of PRE Gveral | Byst em ayerin

posi ti oni ng h% i ps on
one anoth@mhmmnmwdnm@eﬂh?@@OH1%@ﬁ§ﬂeh@ﬂ“@ﬁ@a$h?%méﬁﬁ”%?mfﬁg‘”‘ %ﬁ% sed to
| ncrease (fead?mgg o% E(Xlﬁ %atgcﬁngsﬁ{] Es‘rﬁlﬁ i CirfiCMiotys @9%&1@?)16'[@@1eﬂ&ﬂ&ﬁﬂb@@dsﬁﬁth

posi ti oni ng or ps on one another to forma three
di mensi onalcoxaplmaww«sk pianttucelmeariﬂn&)@ raraprbatyicen holayaretfdeg et yadginen hishe

redundancies in their circ f.isBuiSlcgRitd: GaRkyadyaneend n the
st acki ng §%ﬂ?”g S%w'c E§§ oﬁdg%%gphﬁﬂﬁcglﬁcdit board is described in

US patent5@;3&&@9&&1Mﬂmhonhumsmﬂmcmmpmna®@ﬁObvep@méﬁ@ﬁcémﬁéﬁémﬁd“F?“belng

;owned by the sanme entity as t tant, application. US patent 6,113, 99S
di scl oses § ‘fﬂ&léﬁq\fe éor tr, Wltl%wfegxéalgps Oﬁlgis board.

a uni que way of positioning one chip
over another. flaweyeno suaiabdIﬁoﬁmtectimplngaheqoﬁadtlﬂnéepxmqmtOéIPOSﬂwdugt phips

t echnol ogy rushes on and.the tren n MR Vi ng
Lo the UodhTBRFIogrDH Lt By e eyBTR Hegmeau DAl SRR

Se”’COSdUQ&@ﬁﬁ&By%ﬁﬁ%&hﬁgaﬁnmﬁkLMﬁmmabdBEA@a&mam@qnmnmncﬁﬁsngﬁslnmwm get of
BGA pads on the ~bottomao f the chi ackage a cor.r espondi or
i mage arr &EYUREh éc’sﬂi@i“ﬁ‘ﬁ &t CQYIF CBope %ﬁgﬁa’dm?%ﬂlea tﬂ@ﬁ g‘bneﬁ A a%éayl g O@%@tﬁer

connect ed fQnd fied & HiGEIst cRPAEMiPYn @h@ elged ikl $oarBGRAL ypese 6f peinneg bor s
provi de a nunber advant ages annn% themis_ elimnation of. t%&y?Fﬁpésko
(o]

connect t Hevethg fre Gb@k@g%ﬂet amotheg Legiad Hrecipengipnal JEEAS PEHIS eCcT eases
t he di stance, 1-h8H SRADERnIRES BYRL cBhfks MBS O@blemt Dek@ficant advance in the

stacking of semiconductor chips on a printed circuit board 1s described in US patent 6,313,998,
which is incorporated by reference herein, it being owned by the same entity as the mstant
application. US patent 6,313,998 discloses a carrier with leads and 2 unique way of positioning one
chip over another.

However, as is so typical of the computer industry the technology rushes on and the general
trend in the industry is now moving to the use of ball grid array (BGA) type of connections for most
semiconductor chip packages. A typical BGA amrangement consists of a set of BGA pads on the
bottom of the chip package and a corresponding mirror image array on the printed circuit board. The
chip package is then connected to the circuit board by solder balls. BGA types of connectors
provide a number advantages among them is elimination of the leads to conmect the chip package to
the hoard. Use of a BGA connector decreases the distance the signal has to travel and also eliminate

- impedance and other interference that can be generated by the feads. There are other advantages
well known to those skilied in the art.

However, BGA types of connectors have their own problems among them being an inability
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i npedance and other interference that can be generated by the | eads. There
are ot her advantages well known to those skilled in the art. However, BGA
types -of connectors. have then-.Omwm. problens anion-,. thembeing. an.inability.
-1 4 to lest the BGA connected device while it is connected into the
circuitry of a board or other device. |C packages that are connéct ed;byiis
| eads on the other hand are very easy to test while the device is stil
connected into the circuit since the long | eads can readily have test
probes attached to them On the other band BGA connected devices by the
very nature of the connection are inpossible to directly or even
indirectly test while they are connected into the circuit. A BGA packaged
chip by its very nature is connected by blind pads, i. non- exposed pads

e.
t hat can not be cessed.. Anot her . .probl W th BGA t ) CctOrs is
he noad 10 HTaRGs SNBw eI Hasd THRRRRT bR B b Pl o RARRERE S

si nce mMaNYCiphcka@k 1Pt c@hedidityy tRBIG ieherliseithid @rsdagick tehwik tay devicors

integrated circuit . packages. that use qggaﬁgggwggsgg}%gﬁ re

g ] di. | apt to
BGA type &fill emprdediep e s ghpPPgA° Ag %ﬁ’iﬂbé{%t%g?cki ng

devi ces ang &R NRASEUACHNQich QbTaE iy s oif Mat@e bhihe eclizttpnsiongossiie my tend
to be very conpli cat ed. They typi cal I'y cannot ﬁotk Mﬁtg taqgarf |

packages, Jdecttyipagvep fulinpdiydes W%éheéf ArepRp e AW &) P?‘)PaF S 8 Phe

modi ficatijQ Qe@fnatturé?s LhiPeRBE KA Badsti®ehdn-diPbsed hAPheRNiAbE A0essAd dinbinanal |y,

many if not nbst of the existing stacking nethodol ogjes rg@uirells eci al
manuf act umkthiens vh BCArUPOT CRRIEHPT éSTF Aesdriel dFVelo DR IR HaRER TR 3RV 6O

standard %lta'éﬁg&eéhgfggﬁlﬁanm@%ﬁ%@bsy oﬁl@eﬁlﬁlﬁh&%&edﬁ’é Q&R SHfSare TR RAEHdS it
continues to vel op new packi ng techniques to reduce size and enhance

signal  quathagestharmohgdiang cametée reedibrdadénidibpireticeariersc AfBHQERN-@%hckages
ggﬁrlzl))ec t IF l) Ir(ljg tth. P%l&ﬁl&’%ﬁlﬁ stckink j\rigés iaE@mQ[fm&s melﬁt(; HRE clﬁﬂs ti)lﬁé?@gﬁﬂidgﬁensibﬁdi erBGA
p Chip or packagi ng relies on i nd pads that are not
exposed. Thudsy bankatcomslinaeddBlsy ivpicallt @oimivgrevidnandaispapesicetss ba@ey B Fad al | ow
can be. usddnt R Radtqnt Caiile FhyThyR BRRIGARRGEIE (R kIk; JRBK Tt hl
t echnol ogyimpShemationt eckdiioopils, andy if edtatedofdbyixdeisg Hakingteetipdologipatsiare
special manufacturing steps and/or machines in order to infegrate them into standard circuit board
assembly and similar processes.
The industry continues to develop new packing techniques to reduce size and enhance signal
quality. Among the more recent developments are chip scale packages (CSP). Flip chips are a
variation of this type of packaging. Like BGA connections flip chip or CSP packaging relies on
blind pads that are not exposad.
Thus, what is needed is a technique and apparatus that will allow for the stacking of
semiconductor chip packages on a circuit board that can be used with packages connected by
BGA’s, CSP, or other type of technology. Such a technique and related devices have to be capable
of accepting and connecting in a stacked, three dimensional array on the cireuit board without the
need for modification of standard semiconductor chip packages that would be used with the
apparatus and method. Additionalty, such a technique and apparatus should be able to allow for the
testing of the various chips and related items without the need for removing the chip or item to be

tested from its connection into the circuitry of the overall system.

SUMMARY
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of accepting and connecting in a stacked, three dinensional arny on the
circuit board without the need for nodification of standard sem conduct or
~chi-p.-packages  that woul d be.used wth the.  .apparatus-and nethod..

Additionally, such a techni que and apparatus should be able to ailomﬁfon,
testing of the various chips and related itenms without the need for
renmoving the chip or itemto be tested fromits connection into the
circuitry of the overall system SUMMARY -3 It is an objective of the
present invention to provide a nethod and apparatus that will allow for

t he stacking of sem conductor chips on a circuit board. It is a further
obj ective of the present invention to provide a nethod and apparatus that
can be integrated into current circuit board assenbly operations w t hout
nodi fication of exi nﬁg?ractlces is f

b€ t
invention to p mnd) ca@tw WBHG%HHE&}B%QPWV%{’%a]t%{hgcg a dbaébamtgq Jﬁ{t W 11hﬂlow esen

sem conduchohe GRS o\f\ﬁsénlﬂélhhtluctdi ichi®s @i fehi dard Nt Bfa fecdics bl E‘ngsarﬂifﬂ:p] mstut:t or
chi p packages. These and other o jectives are ac

roviding a
car i or 1 ofvesietcie Mg inet BGAY e TeTFUGE G s P EREEP GG a

pl atform w ?ﬂ; c@&@tuﬁfé (&iiﬁ&@nﬁ(ﬂlﬁczﬁho@@ﬁe&@ﬁﬁﬂ%ﬁcfu&ﬁ €t isBjrihar dhietsie of Bik pmienat a
first side o | atfurm and a second strut at a second side o

pl at f orm 1tl‘r¢ell@ttr>ult081dep%%@@ﬁ@lﬁ@tﬁ&ﬁé‘?aﬁ co BF UeA & FACk IFHT I W ‘*‘HH% ’”b’&r‘
creating g, spags. el swﬂshl% sleﬁ’ih%ﬁ’&[‘ct%}"&ﬁﬁfa‘é‘lcé%s the platform, c) the

platforn1haV|n a pattern of BGA pads on its top surface f or recei g at
| east one |ntéhgmaﬂbnh%h@pJ@ﬁH¥%@£@@$$§ﬁﬁV§6€1 ‘?ﬁ%“b%&ﬂ@%ﬁgﬁﬁe pads,

a bottom si.de ot of, RRMS: PelLNguaRRRRES 8f figta Vi a
t hat pass &8Mt8WﬁrouC%H?ﬁgpﬁTa%f%?%?ﬁ%%@ﬂaoﬁér | a eraln t he pla?form

MHmntMmmmmw@M&mM@wwamN@%ﬁM% sigoal dbiopleBwar Gs st e fir st

or second str 0 - at
extend up W?“&Bmﬁﬁ%&ggéﬁmé)MQ ?@ghé?ﬁqu%%%%ﬁ%§ Qﬁ¥4g£§?$%¥§f%bfﬁgh?op of

the strut pareue] d)teabifonf hdiga $ﬂtteut of\ﬁcwspadnmgdmp wgace fepecivinizet lsshduet i ve
path in the platformwhich eC| ecific
V| a descenla eﬁ}éteglpla}hoagg}?p g ?‘fsé) (gl t xe % %191 0?%%%\ ]}{(E%S %%0'&019%@@ %? E&h EJQd ﬁtﬁ?

at tern o
wher ei n t hewteabl paak be‘mydasﬁnaatemdmaethatmsﬂowmrm@uglairhe pedaptio atovﬂeelasﬁtt in thpe

P e e S S
the space Belegwsitahesebalitsents sufcacs: vok tahatendny themgh eshmstrut from the bottom of
| fhe strut to the top of the strut wherein each of the strut vias connectto a specific conductive path in
the platform which specific conductive path connects to a specific via descending from a pad of the
pads of the pattern of pads; and ) wherein the carrier forms a modular unit that can accept at least
one integrated chip on the top swrface of the platform and connect that chip to aprinted circuit board
to which the carrier is aitached and provide in the space below the bottom surface of the carmier room
for attaching at [east one other integrated circuit chip to the board on which the catrier is attached.
In a further aspect of the present invention of the cartier the upwardly extending viasin the
first strut extend up to a top edge of the first side of the platform to thereby expose a top surface of
the upwardly extending vias on the top surface of the platform and the upwardly extending vias in
the second strut extend up to top edge of the second side of the platform to expose a top edge of the
upwardly extending vias on the top surface of the platform.
In another variation of the invention it provides a way to position the pads on which a chip
rests directly over a descending via. It does this by filing in the hollow portions left in a via after its

fabrication with a non-conductive or conductive filler material. This reduces the space necessary for
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for attaching at | east one other integrated circuit chip to the board on
which the carrier is attached. In a further aspect of the present invention
~of .the.carrier the upwardly extending vias- in the  first strut extend up-to
a top edge of the first side o f the platformto thereby expose a top
surface of the upwardly extending vias On the top surface of tQ%épaggfi;£n
and the upwardly extending vias in the second strut extend up to top”ede
of the second side of the platformto expose a top edge of the upwardly
extending vias on the top surface of the platform In another variation of
the invention it provides a way to position the pads on which a chip rests
‘directly over a descending via. It does this by filing in the holl ow
portions left in a via after its fabrication with a non-conductive or
conductive Filler nmaterial . Th@s_redQﬁis gbg.space necessary for -4 the
pads by dbopadi Ayatckboaioired B PP HE"HAAS Fr om the vias. I n anot her
aspect of the i By@ant kPR bt PROMKRE pRvEYSt SNEh iat candr uyel WigedO PR °BGA t ype

of connectors, CSP type of connectors or other slnﬂla% 0 100, 5
arrangenemngKmﬁ&ﬁEﬁﬁﬁéﬁF??wﬁﬁﬂOBPQQQ%@gm S%@F“F%g?iW% ?ﬂ@ﬁé%m'bhents

when they are still conpected dronth WBer QR atill ednntduel tprhesantr of iwpestnit on and
connecteo‘*3 0Oacifcuit Board %

d by providing acces iblg goQﬁagtq%%g%cBQints
that in oneentpnefdonededitpodtwebiad HorUaEneHF SRR RIS RIT PEEF "5Y Ouhds for a
testing pf Oibe-dggﬂogﬁw%%ﬁ%ea;ﬁagﬂ; G- THEDRAV NGB siftierbtvent i on wi | | be
ood by

better undérst an examnation of the follow ng description, together
with the acconpanying drawings, in which: Fig. | is a perspective view of a

preferred embodi ment of Lhe:GarsdepTRiv bheupIaseaNGvention-,  Fig. 2) is
‘a side view of a carrier of the present invention connected to.q.circuit

board and st axteedenict hvill Wobeki@ whipsod s ay exanipasion af B BIEYEE SGENGf t he

carrier of the present invention pponents with which it would be
connectedﬁﬁﬁ‘§“@@F‘ﬁFFmﬁﬁﬁ%ﬁ&gQﬁgggﬂﬁg a cross sectional view along line |
0

- | of the caryik gns deppetiedidmofkipgfertd cRbglingt of thee amiese HE REFSEDVEENE of a
prior art met hl"oig ?’f 19[1 si eo \QQ\S % & O 0?% ppeggat bQerfiof bdrablita to RRakGNboard and
o
stacked with two IC chips;
Fig. 3 is an exploded view of the carrier of the present invention and components with which
g
it would be comnected to a circuit board,
Fig. 4 is a cross sectional view along line I-1T of the camrier depicted in Fig. I;
Fig. S A is a schematic view of a prior art method for connecting a BGA pad to a circuit
board;
Fig. 5B is a cross sectional view of the BGA pad and connection in Fig. SA;
Fig. 5C is a cross sectional view of a connection technique use in a preferred embodiment of
the present invention;
Fig. 5D is a cross-sectional view of a connection technique used in a preferred
embodiment of the present imventton,
Fig. 6 is a schematic view of typical circuifry on 2 {ower routing layer of the carrier of the
present invention,
Fig, 7A - 7D provide one example of primary layers that make up the various layers of one
example of the carrier of the present invention;
Fig. 8A is a cross sectional schematic view of the principal layers of one version of the

carrier of the present invention;



Fia. ~iBis a cross sectional view of the BGA pad and connection in Fig.
5A; Fig. 5Cis a cross sectional view of a connection technique use in a
~preferred enbodinment. of - the present . invention-, Fig. 5Dis a

cross-sectional view of a connection technique used in a preferred 1. AlUs 2008
enbodi nent of the present invention; Fig. 6 is a schematic view of typlcal
circuitry on a lower routing |ayer of tire carrier of tile present

invention Fig. 7A - 7D provi de one exanple of prinmary |ayers that nake up
the various layers of one exanple of the carrier of the present invention;
Fig. SAis a cross sectional schematic view of the principal |ayers of one
version of the <carrier of the present invention; -5 20,04 th Fig. 8Bis a

cross section of a portion of the carrier of t e present invention that

h
STt e SrELS el TRk U e A S I P BB SR beT

is a cut awggﬂﬂ%&QQQ?R&Mﬁn%leM/Of a version of the carrier of the present
invention “attached

oacircuit board with st a g F ] th Fig- 10 is
an expl oded w%lwgétls@I@@Eﬂ%C‘Ls‘tlitidl@e@f(%f‘r‘r“i‘@ﬁ’smtﬂtfo tfﬁé@éﬁ ‘iliw1 tlon with
BGA deviges; Fig. I | is an end view of two carriers of the present
i nvention stacked with BGA devices; Fig. 12 is_a side V|em/o two.carriers
of the presentﬁgﬁh@ﬁ&ﬂbﬁ“@ﬂa@N@HVWWf%0§%¥@H%WPQ@§C““?W6 hepaespit Yl of

anot her version of ardinehaeh deaiesent invention in which 1C chips
are attacﬁmﬁ oogo ﬁh§NEES18$aGﬁe carrlgr Fig. 14 provides a stpgg%tlc

type d|agrantohod@esmawwk@utnmﬁ@EEUWhemééﬁsﬂbﬁsPh@eV@ﬁsPBWmBPJWI
| devices;
Fi

Fig. 12 is a side view of two carriers of the present invention stacked with BGA devices;

11 is an end view of two carriers of the present invention stacked with BGA devices;

i

Fig, 13 is a view of another version of the carier of the present invention in which IC chips
are attached to both sides of the carrier;

Fig, 14 provides a schematic type diagram of one way to connect the pads on the version of
the carrier depicted in Fig. 13;

Fig. 15 is a cross sectional view along line I~ II of Fig. 14;

Fig. 16 is a top view of a circuit board to which the carriers of the present invention have
been attached and before IC chips are placed on top of the cartiers;

Fig. 17 is a view of the board of Fig. 16 in which IC chips have been attached to the top of
each carmier;

Fig. 18 is a schematic diagram of another type of BGA array with which the present
mvention can worls;

Fig. 19 provides a table o pin connections between the pads of the carrier as depicted in Fig.
18;

Fig. 20 is a view of a comer of a carrier of the present invention showing a via descending
from a decoupling capacitor pad,

Fig, 21 is a perspective view of the carier of the present invention with an alternate
placement of decoupling capacitors;

Fig. 21A is a cross sectional view of the cairier in Fig. 21 along line XX-XX;

Fig. 21B is a view of acomer of a cairier of the present invention showing an altemative way
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the carrier depicted in Fig. 13; Fig. |I,'" is a cross sectional view al ong
line 11 - 11 of Fig, 14; Fig. 16 is atop viewof a circuit board to which
the carriers of the present invention have . been attached and . before. |lC
chips are placed on top of the carriers; Fig. 17 is a view of the board of
Fig. 16 in which IC chips have been attached to the top of eachac ﬂ k&ﬁ}m
Fig. 1Sis a schematic diagramof another type of BGA array mﬁthd%% (11 f?
present invention can work; Fig. 19 provides a table of pin connections

bet ween the pads of the carrier as depicted in Fig. 18; Fig. 20 is a view
if a corner of a carrier of the present invention show ng a via descendi ng
froma decoupling capacitor pad~ Fig. 21 is a perspective view of the
carrier of the present invention with an alternate placenment of decoupling

capaci tor | A ectional view of the carrier in Fig. 2- 1
al ong |.n30‘>&“%9@“ ﬂll—ﬁecosﬁﬁﬁli ?g‘"‘?%l%\/‘%gw of a corner of a carrier of the

present |nventF@nashemﬂmgmamohﬂﬂﬁmnamnmmmmawnﬂéﬁbﬂawhw@m@P@WBﬁﬂ@ﬁ%ﬁw
connectin decoupling capacitors; and Fia. 2'~ is a schematic of
electrlcall%ﬁ HEET°Bns on a substrate layer of the earlier of the present
i nventi on. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT The present

i nvention provide 1 t ing or
arranging in a ﬁ#ﬁ@ﬁﬂﬁﬁ@ﬁ%Gkﬁﬁﬁ@&QﬁiQﬂ%%ﬁ%@%dﬁ§)%%E§Dc gé t oget her on a
printed C'rCU'TMQQ@&Qnﬁ@ﬂxﬁhﬂwmkﬂﬁaLpaﬂmﬁﬂmtﬂﬁm@ﬂmﬂhﬂﬁ$hﬂ§&&daﬁhmp$5IntO
the circuitry of the board, Fi

%' is.a ective y evl\/otb ngerred
enbodi ment8F ditkasiens} BTERPt B O 0BT Chibfet© 6‘?@ Chike |pH98 1Bt Per g‘ rier
has top  jpterconnection of the stacked chips into the circuitry of the board. Fig. 1 is a perspective view ofa
preferred embodiment of the chip carrier 21 of the present invention. Chip carrier 21 has top
platform 23 and two side struts 25 and 27. An array of BGA pads 29A and 29B on the top of
platform 23 are positioned to receive an IC chip that connects by means of a BGA pad array. As will
he discussed and illustrated below, pads 29A and 298 connect to vias that descend into platform 23
and then connect by conduction lines running faterally to vias in struts 25 and 27. Top exposed
portions 33 of each of the vias in struts 25 and 27 can be seen at the top edge of platform 23 above
each strut, 25 and 27. As will be described and illustrated below each of the vias in strat 25 and 27
descent down through strut 25 and 27 and end at a pad or exposed portion to which a solder bali 37
can be attached. Camrier 21 in one of its prefered embodiments has pads 41 for receiving
decoupling capacitors 43 on the top of plate form 23.  As will be illustrated below the decoupling
capacitors connect into the circuitry through appropriately placed vias and conduction lines.
Additionally, placement of the decoupling capacitor next to the IC chip eshances operation. The
invention thus provides for proper decapacitive decoupling.

Fig. 2 provides a side profile view of a carrier 21 of the present invention connected to a
circuit board 49 with integrated circuit (IC) chips 51 and 52. IC chip 31 connects to carrier 21 by
means of pads sets 29A and 298 (shown in Fig. 1). IC chip 52 connects by means of asimilar BGA
pad array sets to board 49. Decoupling capacitors 43 are positioned oo carrier 21 at the corners of its
platform 23. Asnoted above the array of pads 29A and 29B on platform 23, to which balls 61 of the
BGA array of IC chip 51 attach, have vias descending below them into platform 23 which connect to
conductive lines that conmect to vias in struts 23 and 27. Solder balls 37 connect to the bottoms of

the vias in struts 23 and 27 to board 49 and provide the final electrical connection to hoard 49, IC
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platform 1-3 and two side struts 25 and 27. An array of BGA pads 0.9A and
29B on the top of platform23 are. positioned to receive an I C chip that
-.connects by neans..of. .a BGA pad-array. As w-.ll . be discussed and illustrated
bel ow, pads 29A and 29B connect to vias that descend into platform 235 aiig
t hen connect by conduction lines running laterally to vias in struts 1-5
and 27. Top exposed portions 33 of each of the vias in sauts 215 md 27
can be seen at the top edge of platform 23 above each strut, 25 and 27. As
wi Il be described and illustrated bel ow each of the vias in strut 25 and 27
descent down through strut 25 and 27 and end at a pad or exposed portion to
whi ch a solder ball 37 can be attached. Carrier 21 in one of its preferred
enbodi ments has pads 41 for receiving decoupling capacitors 43 on the top
of plate form23. As will be illustrated bel ow the decouplin capacitors
connect iﬁﬁ@5@h@ﬂ@ﬁ$@@@¥ﬁ99ﬂhﬁ@hgﬁkabﬁhébmﬁh%@WyﬂgpédﬁéﬂVﬁé§%ﬁﬁé4géﬂduction
lines. Adgditjonally, placenent of the decoupling capacitor next to the IC
chi p enhances operation. The invention thus provides for proper

decapaci ti ve decibuphbadguenFplghe Ryengpodériues! in Fagsdleangrlohs pels i B defouplingar rj er
21 of the present,in 1.0 ec Qi Gt C B A9 suhd B

't egr at ede pan Py B i SERBRRENER ghOerfasthl Atk OREIAS S b bt )
by means tofiipads a sedes b2RA. Ahad2@Blitstpmioispll@Ey fr infedanceakiplphdpcasspnect s
by neans of a ng&I%rtqg%ﬂwpad array sets to board 49. Decoupling

capaci t or S48 By & PESTYT GRET on carrier 2-1 at the corners of its platform
- 2j. As nored abigverthéesat saipdef vipad$o2849,40 dhig Bcanergll atdlochp23, Caoernhi ch

balls 61 qof the B rray of 1.C chip 51 attach, have , Vi €SC ' bel ow
Chem i nt o SFPrYr Rross i uanssRor e Ebuiier SRR YLERIRERSERRAES, °F
vias in steubsi2hipadaddd inSahdedinbadidnal Bty dpnned tatios tvhiek boettcomseof or t he
vias in struts 2~ and 27 t oard 49 and provide the final electric
connectioﬁ“@%“ﬂb%@ﬁ”%@.%P%84g?gt%ﬁ??dgﬁmggﬁﬁgwt mFd”Hb%Fﬁg%émgﬁgg%gﬁ sol der
bal I's 63 ipfeptdded ¥Rl Gad folRAaR At Alicdite At RORNCoAG NN lineS MO shawnt et

enbodi nent Of the invention dePicted in Figs t he he

_ 1t i C | gs, Iand t ga@s‘ga
decoupl i ngonneaiphe fedes mdingel( Her r2 swcaEsndhetd V& g4 desteh |%émﬁomn
t hrough eagh Sif:4b amg ﬁﬂ?}ﬂg%feﬁgﬁﬁat bifeaERak @miiNings wialidesarddal th 3 fest Jihe

decoupl ing capacitors allow for inpedance control, help control return
current angstaewhen l@ppﬁf@ & plugged into the appropriate socket in a computer. Board 49 is the typical

board that might hold FC memory chips or similar chips. Fig. 3 is only meant to provide an example
of one setting in which the present invention and can be nsed. The present invention can beused ina
wide variety of other configurations of printed circuit boards including positioning them on the main
motherboard of a computer.

Carrier 21 in its prefarred embodiment is made in the same fashion as a printed circuit board
in that it has laminate layers with vias and conducting lines laid out in the layers of platform 23 and
struts 25 and 27 of carrier 21. Fig. 4 provides a cross-sectional view of carrier 21 along line I - Tof
Fig. 1. Platform 21 has pads sets 29A and 29B on top and vias 73A, 73B. 73C and 73D. Vias 73A,
73B, 73C and 73D descend to connecting paths 754, 75B, 75C and 75D. The connecting path for
pad 75B is behind path 75A and thus hidden by 75A. Also, connecting path 75C 1s partially hidden
by connecting path 75D. Naturally, all of the connecting paths are electrically isclated from each
other. Although from this perspective the connecting paths 73A and 758 and 75C and 75D appear
to run into together as will be explained below with another figure it is a matter of the perspective of
the drawing. The conductive paths 75 A, 758, 75C and 75D from each of the vias 73A, 738, 73C

and 73D run to vias in one of the struts 25 and 27. This is best illustrated by conductive path 75D
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Fig. 3 1 provides an expl oded view of board 49, I1C chip 52, carrier-2 | and
ICchip 5 1 Carrier 21 connects to board 49 by neans of B GA pad array 6
-bA and 65B. -Board 49 woul d have a series. of . sets.of. .lC chips arranged.in.a
three di nensional array by use of carriers which are the sane as or
simlar to carrier 2) 1. Board 49 is the typical printed circuit.f?04 h
| ayers of netalized and prepreged sheets that forma | am nate st Mﬁe~ i
wi th various conducting lines in it, not shown, that connect the devices,
inthis case I1C chili 52 and carrier 21 and thus IC chip 51. Board 49 has
connectors 69 along its bottom edge that connect the internal lines ~within
board 49 to the rest of a systemwhen board 49 is plugged into the
appropriate socket in a conputer. Board 49 is the typical board that m ght
hold I C mepory chips or simlar chi rovide an

exanpl e St e et A & Hi* (W BRI R mBF%lgﬁi“ P%@Zwﬁr hﬁtﬁwﬁﬁ&m"é’%%em {¥ed. The

present i nygnRt LQN2€ahRendSRE phils #d vidk 8@ Mt @ly)oRducoieheths.conf | gur ations of
printed circuit boards including positioning themon the nain er boar d

of a a~conput eFhe Gards Bpdepf a poppy ciedn e @Feded B ARhte qogdwgaeepq t he

sane fashi0n,asAe Mdfice dn &k Rfﬁwn@ ml;apmdue doBpel Bidds ahdl vilers Al 298, nat éndl7awer s
with vias and conducting |ines out in the |ayers of pl atform 23 and

struts - 15reawip@Zosk Eardupter 1)21111&75FF|7QB and B giedddnae of gwrsrdp &t psrigedvi ew of -

carrier 21 : ol A £ omdly ] 3 SopR@A and
9B on tog)ez g!lgltﬁﬂlgfi taﬁgiﬂglé ly,all §f L c7\thé: Bis an]d COEAL@'{' \];ch)lrafgg gf]pah,@rs lFl@éilﬁacﬁ%ﬁc a%d LoD

descend t onbormedshing apfa@SIqshO%EiA*LTIQBBHGW@@ ﬁﬁﬁﬂ@@elwhéalboﬁiﬁf@étﬂeﬁtjteﬁéh h for
pad 758 i g, D8 RAEBEER AN oWV ARG BBV RS tiﬁ%lufp%nd&qn{&g%h%ﬁat h 75C

is partlal den ctlng at O Natural

connect i ngs pmﬁﬁlawap@bémtds ihatappegr 4t B@I cdithe dﬁpferlgﬂsm’“eé@h'ml 2)1 # éﬁ topmfsthsigh from
this persp the.c a SR 7appear

to run |nta8§%i) RE] mS%tS ?fﬂldbgdgx&lhg‘ieﬁggm%ggggvéﬁmo anot S?r@’ %7fgure it is a

matt er of add wrp)eﬁ‘xsqo'ém tO\{ﬁ)VﬁfL‘ a ftrtaeomkrgaam ivg .and idface GrdercinilveulldeeverBAY 75B,
I
-8 A G ks cmﬁha?n arrmrmselfolf Qi feati Eslhdt ovild bamé’lﬁﬁwdhesethlmﬂy 2aaxdlamehtiuct i ve
Bg_t E S 7gﬁ\d tng}}?t gut%{ﬂéloénf gﬁ%e\ré:\%ﬁg ‘{@3 %’gﬁ‘\é{}@? {155?_11 5%"\{[ ’ISr and “'?piovxlu e\pgseg goncfac't Ve

points with which to test the internal circuitry of carrier 21 and IC chips 51 and 52 when they are all

coxlmected to a printed circuit board. Exposed top ends of the vias also provide an avenue for

dissipation of heat. Additionally, the exposed top ends provide pads for placing one oy more cartiers

similarto carrier 21 on top of each other to form a multi-stacked, three-dimensional array of carriers

and IC chips. Also, extending vias 73A, 73B, 73C and 73D from the BGA pads on platform 23

down to the bottom of platforn 23 adds additional heat dissipation capability to carrier 21. Another

option is to leave the tops of the vias in the struts exposed during installation and testing and to cover

them after this is completed. Additionally, the given the fact that in a preferred embodiment the

carrier is fabricated in layered fashion similar to a circuit board the vias can also be blind or buried

as well as through vias.

In the preferred embodiment of the present invention the vias 73 of BGA pads 29A and 298

are placed directly under the pads of the BGA array on the top of platform 23. This is a unique way

of placing vias since it has been customary to offsel the vias from the pads as depicted inFig. 5A a

top view showing one BGA pad 81 and top end of a via 83 and the connecting conductive link 84.

One of the reasons pad 81 is offset from pad 83 is the fact that it has a hollow center core §6.
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The vias are made of a copper core in the preferred enbodi nent and the
conductive paths also are nmade of copper. Thus, via 77D and 7 7A are
copper.-cores-and. vias 731A,-7313, 1. .3C.and 73D..are. copper Ccores........
Conductive paths 75A, 75B and 75D are all made of copper in the prefenrrggs
embodi nent. Naturally, all of the other vias arid conductive paths of
carrier-2 |-are nmade of copper in the sane fashion as those shown in Fi &
4. However, any suitable electrically conductive material can be used. As
depicted in Fig. 4 and can be seen in Figs. .1 and 3 the top ends of the
vias in struts 9-5 and 27 have exposed ends that appear at two of the top
edges of platform23 at the top of struts 215 and 27. The vias in struts
25 and 27 do not have to have exposed top ends such as 79A of via 77A and
79D of via 77D to provide a functioning carrier, and in fa%l the .t.op ends
coul d be Holler extebyore pf BrforkrDBe S6t e capreRTn gt SOV FHESFHA B REVET,

constructing these vias wihh t 105800l PPecBN dSs GHVES caabilck 8Mhoddwa
nunber of al@%?‘i]@éllﬁcggfalfoe%& {hﬁg&&%ﬂ??@bé ment i oned here briefly and xpl ai ned
in nore egtaltidimbombicEhenexpos pdl Ct\’@lpvi@%?ds?iﬁaﬁBﬂSfT’éCT%Sé%““P’i‘Pl§¥3de$ ¥13§_5 and
27 provide exposed cont.acts, DoinLs Wi, WRkERid Qpb&shidhe. Indhendakd
circuit ryaIBT‘lgg"éP' |1feSgggfﬁ'gkéh?‘%%gﬂégé%%&g%g521tvmg?1b t hg{%_ are all  connect ed
to a pr} nmﬁa@ioﬁ g;ui:etss_s,bmarv]giﬁc;ﬁemmﬂil;msf{mendsi@ﬂ&yiﬁllgéf wwa&@?m—sfwg de an
avenue for dissipation.of he-Lt Addit] EHRASE L QP SRS

provi de pé‘&%ﬁifﬂ%ﬁhmﬁ?a;‘é‘ﬁﬂﬁt’ DR 8&51%%39%15?’?ﬁ%gélsxmeslidmﬁf 4r to carrier 21 on top
of each othgn dRefhetmidoraditi plataskiessontivtieanatin tgicoHatoraey HYWOrL &rri er s

and I C chips. A so, extending vias 73A. 7 Lo o) |31 o080 LiREo BGA
pads on pP@Eisfcélﬁlmm%gfseté‘@mhet"d&aﬁ@epb“éetdt‘@#sogﬁﬁqdast]g f%éﬁ%gtgigpa ds 0aﬂlddiS%i onal heat
di ssi patiQn capabibidy. HOwSRE il tedhnkues B @bibekave Oplridombpekst o | eave the tops

of the vias in the struts exposed during installati . I to
cover them af Teapraseiit §1VpEiopaRpPT ffagﬁfe“mg‘f“tef“o?ﬁ‘é‘fi???Sﬁﬁéglgg{?éﬁﬁ{)ﬁgg?%% t hat

in a prefepred enbodi (E&n\tersmeis dGREd Br i, SCF @by scaheds Vin 8T aye B fadsHi on
simlar to a circuit board the vias can al so be blind

_ r buried...ag well as
t hr ough vicasfigumiiphacydiag é“fqﬂéaltf@@?ﬁ@‘ﬁ?rﬁ@ﬁtmEB‘fOfpﬁé’mﬁ?’éElé’ﬁ’}%fl'ngféenﬁlg%snﬁ? fie vi as

71 of BGA, ,Cgsidggﬁf@qﬁdggﬁa%@fg@ ofﬂ_lqgﬁés_ shofi@Ghhductindetertahe? padsyes oftire BGA
array on the Fop of platform 23. is is a unigue \fﬁ\}?f%{ of npl-d?cd ng /1.as
since it hasicheehnoust onmmyia$ chimgets pyed hrElr g M PHE PRI HETED Tt ed in

Fig. 5A a .t Vi ew show i th B P A Bdinasdcd @ pdea nel tiaf cadtiewdnd rd8Becand t he
connect i nd“%giﬁ%l&nil\?reth?wﬁigg%ﬁgom e of the rleggons ad 81 is offset. from

pad 83 is dibed antottehatrmativenths prasehGhTestpraetvidse. igiby gl iggol the hoflowcarele

the via after the application of the conductive material with a non-conductive, or conductive
material. Fig. 5D shows the hollow core 86, after it is filled with a conducting, or non-conducting
material 91,thus via 20 is filled solidly with the conductive material 92 and material 91 applied to filk
hollow core 86. Thus pad 93 can be applied to the top of via 90. Naturally, the vias in carrier 21 and
those in the struts 25 and 27 can be fabricated in the same fashion.

Fig. 6, a diagram of a lower routing layer of the carrier, provides a schematic diagram of an
example of how the circuitry can be configured for a carrier made according 10 a preferred
embodiment of the present invention. The vias 73 of the BGA array of carrier 21 comnnect by
conduction paths 75 to specific vias 77 in the struts. For reference the cross sectionat view of Fig. 4
would be along line T -1 as noted in Fig. 6. As can be seen in Fig. 6 as well as some of the other
Figs. vias 77 of the struts in the preferred embodiment are arranged in a staggered array to optimize
space along the edges of carrier 21. Commections 3 for the decoupling capacitor pads can also be

seen in Fig. 6. One of the unique features of the carrier of the present invention is that the pattern of
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-9 Hollow center core 86 is a result of the fact that copper 82, or sone
ot her conductive material, is 'Ill-plied by a plating process that
typically leaves a hollow.core. Thus -wth the existence of hollow, %re ?ﬁﬁ“
it is inpossible "L construct a pad over via 83. Fig, 5Bis a croés
sectional view of via 83 along v-v of Fig 5A. Fig. 5B shows holl ow core 86
in via 85 with copper Iin ing 83. In one standard fabrication process,

vi as, which descend through one or nore layers of a circuit board are cut
by a small mechanical drill bit, a laser drilling appliance, or sone other
device, that can achieve a simlar result. Once the via is bored, it is
plated with a conductive material, typically copper. However, the pads
could be offset fromthe vias as depicted in Figs. 5A and 5B wi t hout
departing fromthe spirit of the present inv

t echni que§ca&anet Bds Aalhe PHEFP: ﬂar"&\}%a&%’ mf?hélﬁgrt%%“é?{?m? ven%"f% ﬁ"“““’?w)f

pref erred gidiipodhIRA. ICthgWaQéseq i B £OIHEN ek B 1N qhﬁﬂmﬁ ofthdakdovlhes haf t
or core M One version iIs

epi cted n fig. 5C. Fig Y} 87,and BCA
pad 89 caondhyoiraEoN cautuet elﬁillr‘?@b@cfa'l ?jﬁ@foé’iv%é%%}f‘fﬁ}é"déhﬁ&& %ﬁ?a‘bﬁ’“ﬁ W

present | qygqﬂ}ié)p?me cIlﬂEden%fﬁgl('f Phif toQhe (,u@gﬁ Gawd d be fabricated by a |ayering
of copper ot her conductive material 87 as the |layers of the carrier

are formed in deovdtwrahve iailg8cieneimrebdingst hetes: aliraesglt SeFign sfarpred
downwar d ﬁjlg ?ﬁ}ﬂn{qihﬁ" g!e%&n(gﬁc!]ﬁﬁltt&%ul&ﬁgﬁd’mé he Ltpﬁgﬁn ek iRt thbeagar ri er

reduces the space neede e carrier and related circuitry. Another
al ternati \vx@pidthh'@ fpme@‘@m fomrwelntql@w spFiavi7dedB, 1Csung AR pravide  AGeBrIH5E%hol | ow

core left Ienvcmousqa)}é: At d.l {1151@%13%96090%?%&;)&{]&%6 cta{}%l CiquMC@lé W8 theb@binal W th

‘a non-con uct e, “or con shows the hol | ow~cor e
86, afterhnélmac&umheﬂmMHmmy@m@mndumﬂwﬂg H@ﬁEhbnwédﬁdﬂ@ﬁﬂ@@mﬂﬁﬁﬂﬁrE&i 91,

fhus via 9 |er e AR SORINEL] MR, TR G LA ARnARadTRY o1 2l
91 applie 8d&”ﬁFhF“%ﬂgﬁ‘%“?a%?£n X eé g R e appfi ed tg the top
of via 90.whNatadnalchiyp ,wo'&ﬂﬂle}e\tbrasdtd’l Ray 71 end maxamcgatltfho@@s afribetlpyer geniqieds 1-5
and 27 can}@e fabric @g n_the sane_é “ B0 oMl nﬁﬁ&ﬁkmﬁ Iomer
routing | &pEEF bfgﬁﬁﬂg PFF@P“MBFgW &gﬂ%%'éﬁ%%wgb 11%ﬁﬁnf§§g
of how t hef g hGdhddhYhCPosb@er@ond dightr ek o the@adsdl i the BiEder aa@c@&qcnmgllyt o a
preferred_ enbodi nent of the present .invention f b Dge BGA
array of é@?%?%?mﬁ@ﬁ86WH%%T”%§“F8ﬁﬁdEgFfﬂﬁﬁpﬁf %pwﬁﬂgi?ﬁjsm§§| |%13?as 77
in the strphga ifer elélﬁ*fc@l'h%ﬁ@xch%1ﬁé1ﬁ§ Sucﬂi%@l’*dp@fﬁlaﬂn Mpzempai erﬁb@lﬂl@m awoal d be
along line |l - | as noted in FI% an E seen 5? i 9. 6 as.well as
some of t Hecpfhewrounding each pad 73, but electm,aily isolated from pad 73 provile a ground areas

adjacent to cach pad 73 and tops of the vias 79 for testing purposes, ete. As is well known in the art

the layers depicted in Figs. 7A, 7B, 7C and 7D are separated by prepreg layers that bond the layers

together and also electrically isolate them.

Fig. 8A is a schematic side view of the sequence of layers that could make up the carrier with
the layers depicted in Figs. 7A to 7D. InFig. 8A routing laver 101 is the bottom most fayer. Nextis
prepreg layer 102 with ground layer 103 above it. Core layer 104, located at the center of the carrier,
would next follow ground layer 103, Then, power layer 105, would be next followed by perpreg
layer 106, and finally, top routing kayer 107.

Making chip carrier 21 out of the same material as the printed cireuit board to which it will
be attached provides a number of significant advantages. Among them are that carrier 21 will be
compatible with the other items in the circuitry of the printed circuit board to which it will connect.
Incorporation of chip carrier 21 of the present invention into the circaitry of a board during the

design process will not pose a significant problem since the electrical characteristics of the carmier
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Fius. vias 77 of the struts in the preferred enbodi nent are arranged in a
staggered array to optim ze space along the edges of carried 21.
~.Connections..93 for the decoupling capacitor pads can.also be.  seen in. Fig.

6. One of the unique features of the carrier of the present |nvent1pnqnsgﬁ%
that the pattern of -to AUG 20-6 the array of pads on the top platforn1“
can be easily configured to acconmmpdate a wi de variety of currently
rnanufacture I C chip packages with little or no changes in the structure of
the carrier. The internal circuitry of carrier "I | can be configured to
accommodate a wide variety IC chip and provide an appropriate connection
of the ICchip to the circuit board As noted above, in its preferred

enbodi ment, the carrier of the present invention is fabricated in the sane
fashion as the standard printed circuit board. In its preferred enbodi nent
the earli enibe\/\mu@lohﬁm cfon@mlﬂwwumbe diberrclepreniyof e ¢y Figs. 7 A, 7B, 7C
and 7D provid sche Vi e th t Hake up
the top pl at f gr s eracEa T Er o Mergof L GER FHERELN m AP EoRR S,
cont ai ns %}@&ﬁg@g@éﬂ MatGomoaet | Ve patshse 76l uFiglayTsodepineted matedal fitesnal
ground layer, Fig 7C dEEICtS it he |gitmarnale ower |ayer and Fig. 7D depicts
the top Ié?%@dWW%ME?W€m§ PRMYEIFEH "6 Pale® o which an 1C chip woul d be

connect ed- Fi g3, sBB@As Afotidf @Ob@&@ﬂ@iiﬂl’\&bW@f@\B&lldﬁj mﬂla@mhiay@ﬂlw@@ﬂm@t Hd while
Figs. 7A and 7D are the pgsitive yi evvs Addi t he

pr ef er r edoEhtrsgiarelibe PreFIRE My diE (335 Thﬁcélsqgi E@%‘éﬁm traufs"l’ g ﬂg v iD[h% ipas and
the pads ?geﬂfm LR G RIR RN B 19G £ bRk ddsahhos mbs;ehﬁ@dyéz nofm’fmwlepieo

surroundi ng to surface he carrier. In.t referr F? rrl%(gweerqg{% t he
surface &yeaasi8wich lxawﬂelpé[@tlmﬁ’é@r Hsﬁl%ﬁfﬂ%i‘?%@ PRPRR DL W€ b per . I n

a preferr ndgcmgﬂag 3.£ Va1 TR ligu:h £8 s@bort BteEsaREliong teatiuipadrd d thibut
electrica ?y i'so }rom pad provide a ground ar g{cghas'&é{?];ent 0 each

pad 73 andast fmpsqrotl Bhlewfirsigrepge faéf?i 1 i PPHY Pl30e s &5 W YHETI® known

in the art i X of By7id & 1 188 RIseREyat ed by
prepreg | &y CP% FPa%{e%gmg?{)h%eﬁﬁﬁg%g?egaﬂ%%pgﬁ}; ar?d alogng)el ect r%}%gl I %%I sol ate

them Fi gihn%rapsaoaasschlér’mltowat ilgdy vi teebogpro phlagemidhedoBs PP ih%t coul d

ke Li h u i errédentRdifbpt, THen Fi
i S S A b N sy E:ﬁ@ee? 102

Wi th groungfels ayeinud §3h tbvmaiidn of Sort &1 @yfefpumepwdéﬁtf o @PthﬁlHé‘e 128 of
.t he carri ?a er 122, a fifth prepreg layer 123 and ending in bottom laver 124 at bottom of which are pads 125

of vias 77. Vias 77 as discussed above descend down through the top edge of platform 113 through
strut |12 to terminate in apad 125 to which a solder ball 126 is attached for connecting the canier to
a circuit board or another carrier as will be discussed below. In the preferred embodiment of the
present tops 79 of vias 77 in strut 112 terminate in pads 127.
Only one of the vias 77A of strut 112 is shown in cross section in Fig. 8B since in the
preferred embodiment the vias 77 along the edge of the carrier are staggered to economize on space.
Strut vias that descend through the edge of the platform into the strut could be aligned side by side
without departing from the principals of the present invention. Via 73 shown in cross section and as
discussed above and depicted in other Figs. in this specification connects pad 128 of the array of
BGA pads of the IC chip package to conductive line 75 that in turn connects to via77A. Conductive
path 75 as noted above is made of a copper trace. However, any other suitable conductive material
can be used. As noted elsewhere in this spacification, in the preferred embodiment vias 77 and 73
are solid copper cores that are laid down during the fabrication process of the carrier. The

conductive cores that malce up the vias terminate at the top and bottom of each strut of the carrier
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woul d next follow ground |ayer 103. Theta, power |-ayer 105, woul d be next
fol | owed by perpreg | layer 106, and finally, top routing |ayer 107.
Maki-ng.-chi-p.carrier .2 .1 out of the sane material - as the printed circuit.
board to which it will be attached provides a number of significantsg 2006
advant ages. Ampng themare "that carrier 21 will be conpatible w th fh
other itens in the circuitry of the printed circuit board to which it wll
connect. Incorporation of chip carrier 21 of the present invention into
the circuitry of a board during the design process will not pose a
significant problemsince the electrical characteristics of the carrier

-1t will be well known and conpatible with the other elenents of the
circuitry. In the preferred enbodi nent of the present invention struts 110
and 111 Eire nmade of prepreg |aninate type of | terlahé al ' uts
are bui | tanditpsiprovidapet disafaipueinmgise s At *%Tme@rﬂ%’e“ rWW”%%“& 055|ble

such as , Ln.j {HLQ}:’\% 'ar%rfm{:ﬁ%lj ghﬁ@ alEH l%ciﬁﬁ@ by AliBing 8BP Y ihd @Fc@nofhb edriarass
sectional View of & strut a poftion of the platform 113 of the

carrier oﬁMMthﬁéﬁemﬁlpﬁv@n@ﬁﬁﬁlﬂW%@e¢%§%$§“dﬁ§6Ussed above can be seen
starting with flaglg?cahgﬂhi: éaﬂ:{e?'in ajléﬂhplw& féglu&ﬁr% ncttgﬁal@@ﬂJQQﬁlﬂm@él oBe@%uﬂ@g@&t bel ow

that is first prepreg ayers as.is well_Kkrinvri in
the i ndUSﬁTrDWbe& 1mp&:cmnerma~ﬁ el th‘hmem tht carfratvith FW@@@@ he e AT CHPBEAREER t he

glo::]gﬂlct ! \l;%g:l% ith mxyﬁaﬁqel C (?}gp HE‘F 1[ hﬂ/&rfyt& Xloaﬂdthc?l‘:mlp%c; LRI/ W sibygpelior m t he

rer. Below first prepreg |ayer 115
is power pmamﬁqha¥EIm@&ﬁmnm@wchhha@%bniw@SWWQQEWW§W§@¢O§m§§@6hﬂ“ﬁﬁﬁﬁreg

‘Iayer 117. econd. [ Plsaneidt8iih gkl owed
| thir dcﬂ?ﬁéﬁ?’gﬁat{?sdg}%‘F ‘Y- Q‘ltﬁ L%Fg]tep 5 %ﬁgOdg{t%e m ot t om of pllat form 113
I s | ower g@wmsmgmlaay@rcmm&mwiﬂamnpie ]lay&14*rh€15ti15= may 3ppticaiions thayd® notrs@rgad 1220
thus formplatform 113 in refer d enb i;que W th
Lhef or maERa o SHFLE 193 DY Sergdry he et g apas Syt P ERTRa R
i nt er medi §§@riod AYBHg frddoss & sfohifat @omﬁm&ragmﬂayameﬂfz&caﬁd bemdiiection inpldlygt t om

| ayer 124 at bottom of which are pads 12 5 of vias 77. Vias 77 as
d|scussedP@@%@éSﬁ%@@@ﬁﬁnﬁ%ﬁﬂmﬁhrough the top edge of platform 113 through

strut 112 to ternm nahGed dhodP@bsekicondilctr Whisehha saptaleaddpeat the 1261 hsB@At ached
for cornmectim the carrier to a circuit board or anoiher cafﬁﬂer as will

be di scusbedobrmawion AT PSSR BHBES e MFOTPHEHEIGHD PRETance of e Sysiel

connected with BGA type of connectors as well as a host of other reasons have dictated this
transition to BGA connections from leads. However, one of the advantages of using leads to connect
integrated circuit chips to the board or other holders was the fact that if problems developed after
installation with the chip or related devices the leads could be easily accessed to conduct tests on the
components without there removal from the circuit. However, with chips connected by BGA’s
removal of the problem unit from the circuit of the printed clreuit board or other device 1s attached is
necessary in order to test componeats since all of the balls connecting the unit are not accessible
when the subject unit is connected to the circuit. However, removing a chip or other unit from the
circuitry in which it is experiencing problems can completely change its operational characteristics
and thus make it difficult if not impossible to determine the actual cause of the original problem.
There are ways o approximate the operational setting in which the chip or device 13 experiencing
problems however the time and effort to do this makes it a very expensive, inefficient and an error
PEOLE PrOCESS.

One of the significant advantages of the present invention is that it provides a means and

method for testing the IC chips as well as the carier while they are afl still connected info the
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present tops 79 of vi i ; .
the vias 7$A of strx;ai1;7i;nsﬁg&ztiﬁlgrggglgggtsohnigags 12;3 Ly one ol
, . ig. i
-g:ggfrred enmbodi nent. the vias 77 along the edge of the ca?rier stnee in the
ares a?aeLedto econoni ze on space. Strut vias that descend through m%
degar?in; frgL?ELgrn1!ntp tre strut could be aligned side by éﬁa§u0m§f%out
. principals of the present invention. Via 73 sh [
cross section and as discussed above and depicted in S snown 2 n
specification connects pad 12.8 of the arra g ? ed Jn other Figs. inthis
. ! : _ BGA pads of the | C chi
package to conductive line 75 that in turn Lon pas. cnip
path 75 as noted above is made of a coppe connects to via 77A Conductive
: ) . trace. However, an th
sui tabl e conductive material can be uggdr ’ y other
abl ( _ . As noted el sewhere in th
specification, in the preferred enbodi nent vi toLid o
, L [ rea as 77 and 73 ar [
Condu C: {‘33&@%}?@1* tBd ﬁnﬂﬂmmdumanlg ihveastalse Pleti Gh PHIVE 3&'%“%?%“1% %Sgsgg'r“’gi or The
1 s (ﬁ;@ tvéagﬁ'?g Irlrlg 1&%&52&@&\\@& gﬁr&g ?{] ﬂgﬂﬁbﬁv@%s 4 ]Etﬁtsp%ﬁﬁe ates djat t om of
) rovi de i SSj '
tC Egn n _el S oS JFatedeel3s eniefeschnntdniisn wpegcict l(.‘o‘a:tFi)iPIBH}Ot?lﬁlel BE.ﬁ wﬁ%?tgd tlg gel \agi ch
of the ¢ a;;q%@;%g}gga% Iégﬁé : %fgcl.o%%g{%{?wg%gﬁ%%p HQ% %gggﬁw @oﬂfﬁﬁ@d todeuitfoard ayer s
: . : ' or other suit
ﬁ 8,[] g 3 ¢ :) Ir \(;isl Il ,gzglgggéaﬁil cri;%%@@@:c e @Eioltii&glﬂ dnép IGar ]E)tpesedia}@n@_thmﬂpﬁigﬂ 059@[;1%1‘]:13@ lﬁfeeo n as
( unber of advan es.it . i . :
of Che’ camtve WYY CoTeir B LR D ek
- Addi t ?2% atﬁ;} gﬁ{h‘i gfb g'%f glg vgdg,' FP?LVM ﬁot}@t.ltsﬁmaﬂ it Bigyirdro onodi huyre teiederisppcande @13063,\0
: anm na - ’ ,
Core oo ey 1 ST O LR AL T
{? b c :at” e} it m‘é t%‘{%(l:e‘alme\é aél%@b]ggbgﬁ ghis LB RE efeks adienbibdpwent inginien auble [ a
ion_as a_ci i i i
e o g apacamremaotmats o ek PR AL
: njyec i o0 ﬁjg'lgl- I&%{DCI}% g&eaé(zno\cf) ?ﬂlﬂé ﬁ%nlyels af :@anplulicady ansatend matksiieefyaficicalenéd by an
. ehete ar process. Even with [
LgbggfgéegﬁgzgﬁTﬁhﬂammgﬂmeWEﬁﬁWhgmgﬁgéﬁ%%Em??"3fW%g?ﬂégnggﬁ&%ggggﬁlored
t he BGA §t§1ﬁlérd(ﬂua€t8 ?“i?e,'ngllgff(%lgg H@gﬁdft?dn%hgiﬂg E;f[: Mlé&)ﬁecggdfiﬁﬁtahﬂ procagiofhedotidécuse of
. ate i i i
in perf or gBRGEa afimidnef sysieisingcon g}a@@hew JCI -ro(éw }1 ¢ hlr.E)es 'fithTrrﬁlelitil fayenents
wel | as a host of her re v o @ﬁlﬁﬂﬁg of “tonnector s as
pounts that woﬁctl bemomen aszﬁ)ﬂ,sonﬂ.%{/eﬁ e E@E&Q at:hi 184 of the tops of the viasin the

struts.

Referring to Fig. 8C, and 9, top exposed ends 79 of the upwardly extending vias are

electrically isolated from the swrounding area 7 on the top of platform. The vias and pads of the

BGA arrav 69 are also electrically isolated by material 80 from the surrounding area 67 of thetop of

platform 23. Inthe preferred embodiment much of top area 67 18 covered with a copper layer. This

copper layer 67 acts as a beat siok. A top insulating layer 68, covers a portion of layer 67. Italso

provides a convenient ground coufact point for testing the unit 71. For example one of the probes

136 or 37 in Fig. 9 and Fig. 8C could be placed agamsta top end 79 of ane of the vias and the other

could be placed against area 67 to form the oround. Given the speed and sophistication of the

circuits being tested on the carrier of the present invention and related IC chips, very precise test

equipment is needed to conduct the tests. Having the ground adjacent to the contact point at which

ces it very convenient since the probe points 136 and 137 of the testing

the test is to be conducted mak
eguipment are often placed adjacent to each other in the test probe 71 as illustrated in Fig. 8C.

The structure of the cartier of the present invention provides an additionat alternative for
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transition to BGA connections from|eads. However, one of the advantages of
Using |l eads to connect integrated circuit chips to the board or other
--hol-ders-was -the. fact that if. problens developed after . installation -wth
the chip or related devices the | eads could be easily accessed %Q CONduGE
tests on the conponents w thout there renoval fromthe circuit! *Howevet™
with chips connected by BGA's renoval of the problemunit fromthe circuit
of the printed circuit board or other device is attached is necessary in
order to test conponents since all of the balls connecting the unit are not
accessi ble when the subject unit is connected to the circuit. However,
renmoving a chip or other unit fromthe circuitry in which it is
experienci ng problens can conpletely change its operational characteristics
‘and thus make it difficult if not inpossible to determ ne.the actual cause
of the or pugiidak aprdssksmoundiveesing plibayaist B BrEa hsd CHEC GBaFa Fonal
setting ip which. i [RIoRNo] i [-AVE1 LSon€ 1l LG o RRObk eflsdiokever the
time and g?@%%@p%@mﬁgﬁ@ﬁﬁg ﬁﬁgggh%§ﬁ§§€e§§%é§%gﬁsiye, inef??%ient and an
error  prbnecprobessimdOng a it whed i geiide neEresy e viRiiia g sRocHt adidran sFutdnt
inventionkkﬁ.tha%¢&$(E&pvides a neans and nethod for testing the IC chips
as , ~ el | "SUPAY G P while they are all still connected into the -t-'
14 AU G Ci r calidileyadofinidgaelipied tibaleaiith capact th Bapvidgiosihe gy gbpedcatbve, can
be done through the exposed.top~ ends. ./ ol Ne Vi ASh i inl 4 e.atidt s, not
shown in Ewg}géﬂﬁ&#aﬁﬁ@ﬁbﬁg&?ﬁgémg*%%F%%é%%ﬁ5é§§kgaf¥ﬁs%iﬂ%%@ﬁéf of a
carrier 13 hefiotd@rpr Bigentis inrygndddonvadhnett ddpt od aardpp waile bpgeskef 13 1.
Connected _to the top.of carrier is an |.G chi ' C. arrier
D0 by & BBk 4 Pagr BoAsfeit anuie et baltyPoby o b REBORCKER f e
130, is apgtibent k&Gned B ck3dt bomepe e dral DRGA hes t@fosttgeneftheg are 91d1GA30, are

part of an array of exposed top ends 134 of .the vias.i trut i ven
t he exposé@mﬁdsgﬂpéﬁ“%8Aﬁ%€“”ﬁgﬁmﬁﬁﬁ%m @k@pigwa43ﬁ§g?ﬁ%§§6%5%gtﬁ?@é136 and
137 from Qpe.Qfier®f LialiRsh A8\ 108 5n BaReBoPilcaced] soagaipsdd téfhedex osad t op

ends and a variety of test conducted to _det rnine.LQg% ause q%ﬂg@ W@roblens

with the @ thewiutsoycasivy 1HeFinabs BOfRiesicg b ailesgetiacqiadt *t e TR & Of t he

present i %\é%%ﬁdé? D4R Gt F8akiG 146 hivBSe Oy QlherkBEAadeMiaca ucarhadiedobo it
and positioned underneath it mhjle all" are still connected..t thngr!nted
circuit b owvittghlipist of opisrs rrnidde stagked preeaeh ollecs iith gttz\g}éeid}cﬁ g 5% giﬁ' ? 1 HORES it
very effi %11 & or RG: of two tiered carriers 161 and attached BGA devices 163 on circuit board 167 that
| form an enlarged three-dimensional array. Fig. 12 providesa side view of a stacked array of carriers
and BGA devices. In Fig. 12 the BGA devices underneath each of the carriers 161 cannot be seen
due to position of struts 169 of each carrier 161
Another version of the carrier 201 of the present invention is depicted in Fig. 13. Carrier 201
is attached to printed circuit board 205. An IC chip 210 is attached to carrier 201 in the manner
described above. However, IC chip 211 instead of being attached to board 205 underneath carrier is
attached to the bottom surface 213 of platform 215 of camier 201. Aitaching of IC chip 211 to the
botiom of carrier 203 is done with an array of BGA pads that are positioned along the bottom suface
13 of carrier 201. This array would be the same as that depicted above. Any number of different
circuitry connections could be made to in twrn connect 1C chip 210 and 211 into the circuitry through
carrier 201, In fact they are too numerous to mention. This is one of the significant advantages of
the present invention in that the carrier can be configured with appropriate BGA pad arrays and

circuitry to hold virtually any IC chip that can fit into the space on the top or bottom of piatform 215

of carmier 201,



easy to do. Tests using the exposed top ends 79 of the vias of the struts
could be nmade part of the standard quality control tests conducted during
—-an-aut-omat.ed. fabrication. process. -This could be .done-in a nunber of ways
includina using a clanmsbell type of testing device with nultiple probe . .
points that would be nmonentarily connected to the exposed array 134 of ‘'t ﬁ{;é“ﬁ‘
tops of the vias in the Struts. Referring to Fig. SC, and 9, top e~xposed
ends 79 of the upwardly extending vias are electrically isolated fromthe
surrounding area 67 on the top of platform The vias and pads of the BGA
array 69 are also electrically isolated by material 80 fromthe surroundi ng
area 67 of the top of platform23. 111 the prefeed enbodi nent nuch of top
area 67 is covered with a copper layer. This copper |laver 67 acts as a
heat sink. Atpp 143%&&& L DGy Jra¥Choi8Bal GOVEY SR BNt boRdOhal ¥R beGied | T

al so provides & convenient -.round contact point for testi ng the unit 7 1.
For exanpléthormonfiCchips prabesedugagicspl thdrirytsmil corignd! fig 1 s Eeuitd be

pl aced agajnsk. ant.op:ead 79 . N R b hered-hek. seuddbe
B R

sophi st i céatpicomeo by helid Bier2@biiotame bEhergast?285tAsdotya p@Weﬂ%EatEfF Viedegspndthieughr esent

i nvention_.and  rel at ed hi DS, . i se.t (o] -Snneeded to
conduct 1 H8 ks ® R g e S ET 0B PGS Reb B35 ol PR 2R O
the test bslitofdoe hondushéde Mkesndcts tvepad 280 nivermi iz netlisd fooe ot the bpitoobel poi nt s

136 and 137 of. the testin qui pnent are. often pl ' : ach
other i n ket ispEReblS g U P nglife P ERRORES S BEAR pL UREED, |
carrier ofiat BwpresRndneion e nbiteon ispibat ifideshame addpt Fbindd duakd the faat thatéhef or

-14 providing an adjacent ground for testing of the circuits, One or nole
of 1116 t GHEE PR s boeL eGP s R bt s b ot r Ry 5™ or ound
connect i OBithel HiA8 of d SrreORNAWads g can Heesiinct i Hzakp as@dtadh I& earry Hep uséth as t he
ground test and it would be not be necessary to _provide a speci gl adjacent
ground | BunEiEBRIrEH PH0h S@fsi?mb%%f)?%ﬂwH@%@%@&%ﬁaﬁ?ﬁgé’% FP*&]@S&%C%E&% Ve with
respect t@id neppliadiadicdte@lontiRevadldraYin®fi - B¥RBSAG [vindbowt AP Bigl BA Askin®e9) is
the ability to stack nmultiple carriers and 4 C chil I,)s in an_epl arged three
di mensi onafenariragypn 19 2GOA oriests K lisk pi ddediad’edy 3F* oty RIS HREED
carriers vwoulhd, b §136kedonnbds tofin@ 2240 1tinehh hstunBGhdrvs 1 28R, attaches to

circuit board 140 by a standard BGA array. In turn . o
One advantage of the version of the carrier depicted in Fig. 13 is that the printed circuit board

can be made to a standard configuration to work with the carrier 201 depicted in Fig. 13. Thus, the
only item that has to be wired to handle the IC chips are carrier 201.

Fig. 16 provides one example of a printed circuit board 251 populated with the carriers 253
of the present invention. In Fig. 16 the IC chips that would go on top of carriers 233 have not been
added yet. Thus one can see the BGA pads 255 with which IC chips will be attached to the top of
cach carrier 233, Also visible are the pads 257 at the tops of the vias that descend down through the
platform and struts underneath.  Tn Fig. 17 the IC chips 259 have been attached 10 the tops of the
carriers 253. BGA pads 255 are no longer visible, since the chips 259 now cover them. However,
the pads 257 at the top of each via that descends down through the platform and struts of the carrier
are clearly visible and accessible for testing and other purposes described above and below.

Naturally, the BGA pad arrays 255 on each carrier can be configured in any number of a
variety of different ways to thereby accept any type of BGA pad array an IC chip might have, beitin
the arrays depicted in Fig. 16 or any other configuration such as the matrix type of array depicted in

Fig. I8. Since the carrier can be easily wired in a wide variety of different ways the carrier can be
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carrier 141 connects to circuit board by an array of BGA pads 142 | ocated
on either side of BGA devicel')9. In turn BGA device 145 com ects tothe
top-of carrier-141 with BGA pad-array 147..1In .turn carrier 149 attaches to
carrier 141 on by means of the array 150 of exposed top ends of Ut Ivft -y
inthe strats of carrier 14 1. Finally, BGA device 153 attaches to ‘tat Lot
149 by neans of all array of BGA pads 154 on top of carrier 149. Wile
only two stackable carriers are illustrated in Fig. 10 a nultiplicity of
carriers coul dbe stacked oil each other with attachedBGA devices. Fig. | |

provides an end of view of two tiered carriers 161 and attached BGA
~devices 16' ) on circuit board 167 that form an enlarged three-dinensi onal
al-ray. Fig. 12 provides a side view of a stacked array of carriers and
BGA devices. In Fill. 12 the BGA devi ces underneath each thehf'c Lﬁél‘l ers
161 canngt.he t%%ﬁ)rt‘lt vﬂH%n} Qupasi 1 dnp plcksgeruithou B9 nett AL arr| er

Anot her ver'sion of the carrier gsent Imfé@tmﬁdt,@tﬁhets@oddpﬂct ed in
Fig. 13. pECaagtetﬁrLCMFOfﬂ@P&ts‘t“é@h@gw? “1159%}08‘3 circuit board 205. An IC chi p

(2:1i0 is att athl%qtﬁ %A% hs%{cm%uﬁg-foi mqtth@ ahipeto 2 e8¢ PIEd above. However, |C

2- I of” bei ng attached to undenasal kksealy fer i s
attached to tfh‘ta) rttmdtvbmeéhft fraee-p e PG ov1$(39? ;'“ %r]gqul i )

At t achi NPy % he &Qﬁt@ﬂ‘mm‘ lcaa Té‘FS 1 %Rcﬁég“h’g‘h"é&e\?ﬁt‘ h
achin c acleges: | NP an
ggg C%ng p ;hﬁva ahdt nta SR typ I

array of are p05| tioned al on o) suhk insdmdl of
carrier ﬂtrogcikapaa'ﬂm@deamupayo visldHgn gl H’t@“g%fﬂ?go quﬁlgg&hd’e l?%t eﬁggbove Any

nunber fer U &ﬁ@@&@ﬁlﬂaﬁetablgmﬁd dxlhaeztmﬂléest@si’/ﬁotlﬁ?‘ﬁ connect
I Cchip Qtfg%%‘ﬂﬁ) fel SI1 =1 ? ﬁe{ )CI rcuitry rou ,\, (Jq]rat;é £hiA whethefoif act
they aregad pttizttettcﬁmsnttt@ﬂlﬂrewb@ psvits qfﬁll"stoPg e signi ficarit

advant ages_of |Ie esent Ohlﬂ}égd’lﬁl on in that the cinTier can be

col i fi g- @Pig i Lﬁ“al’é%?o ria GA pad arrays and Oﬂseﬁ#httfniée ﬁxeﬁ%ﬂl
virtual |y an) anh@@ithilpdtnate care prosent iniensiop KEhabhaed® 1 Ny
bottornot' pl atfoarr i 20 1o Qf%&g)g:gmbtfplgoedbntyw@wi es a

vi ew of ét@éieﬁtﬁlﬁ‘é‘r‘?ﬂ?ﬁpa&\%‘éﬁ? yoqé{srgllritegerneet‘llyt1 of (;I‘)ada'?1 t esecoﬁﬂ%ﬂé riBeupsed with
menory |@O&QItg@lgddéﬁﬁlstpﬂteed@duﬂndaﬂﬂﬂ?ws@ﬁﬁgﬁélap ol carrier 201

(Fig. 13). In Fig b 0y O Ubhd nasamﬁivhmnatb@b@ﬁlt he top
of the plcaltitbéﬁf’ﬁtc'tﬁlfc“ttﬁ% tﬁfr alé”relsaé %bt%cﬁlo%io on t £ts ;solid

l'ine %%ﬂqi:i%te@rﬂl% SfirctderdwiiaspaB@placeAsn mcééiteﬁ}og\gl,%}ﬁ&a@ 9 %e Vi %gyél?u scend

tcghﬁgg{] trotle g;o%gg,;%}jlgﬁg%ﬁwﬁgt AoVl @b rudihEm Mk dyornuoh whsendaré iely  each

I L3
and place machines can be used to place all of the IC chips as well as the carriers. Asnotedabovea

-can be tailored to
several places standard mmmodified IC chip packages can be used, since the carrier can

accept any standard IC chip, this could also incinde those with leads as well as BGA pads, flipchips,

CSP ete. Additionaily, the carriers could be placed on a strip for the manufacturing process o

delivered in standard JEDEC style trays.

Fig. 18 provides a schematic diagram of the pads that would ap
matrix of'pads, 303, for connecting

pear on top of the carrier 301

in one preferred embodiment. As can be seen thereon, there is a

an JC chip to. As depicted therein, there s a solid matrix of eight columns and fifteen rows of pads

to receive an IC chip. Allofthem, or any combination thereof, as is well known in the art, could be

a trut
used to connect the appropriate 1C chip. Additionally, as can be seen on each side, an array of s

pads, 305A, and 305B appear. These, as indicated above, are connected to the IC pad matrix 303, m

th ¢
an appropriate pattem. Additionally, at each corner 307, there are pads for capacitors or other fyp

‘0p! such as Vdd, or
of appropriate devices. As can be seen, each pin has an appropriate designation,

wn in Figure 18, 18 connected to
DQ2, or NC, ete. For instance, Pad DQO, in the configuration sho
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outline form In turn each |ine 227 connects to a pad 229, shown in.
outline formon the bottomof the carrier. As can be seen a pad 220 on top
and.-a pad 229 on-the bottomeach connect to the. sane .. via. However, the one
on the bottomis offset fromthe one on top. This is due to the fact that
the exanple used here is that of men-ton, chips that will have theiamis
arrangenent and when placed on either side of a carrier |ike pads that can
be connected together fromeach IC nmenory chip used in this exanple wll
be of fset formeach other when the bottons of each of the chips face each
other. Fig. 15 provides a cross sectional view along line 11 - 11 of the
pl atformshown in Fig. 14. As can be seen a pad on top 21-QA connects by
line 223A to via 225A. Via 225A descends down through platform 230. Via
225A connegtisvid padldil0e A22:0Abe debmah? @b Apidd ateltkiizicaidne clusont 0irpada ﬂ‘ﬂiﬁﬁ@onaﬁ’le
advant age of .the version of the_ carrier depi d in o 13 t he
Dt edoit i BT Kl bl THBGE (oac S GHAR N OB Gk R a8t K w th
the carri efe Z0dodep atedrd ndikiigl bylBe pﬁhu@mbh@b OMys ib Juetnonk badmpkast he be
wired to handle the IC chips are carrier 201. @ iﬁ7 provi des one exanpl e
of a pri ntPaEFRs i a?r%w%ksa%faa@aﬂbfﬁa%ﬁ%%@a wlsw’w% o d'FicatsPes O5%4ipsoith i | e

present i ny@Rtd - cohitbulatitns A g bofnehE gL thaér 3opul d go on top of carriers
2 51 have not been added yet. Thus one can see_the BGA pads 255 with

whi ch I C chi psFig # Pi@é“l%‘it 1 sldwmdlic dogme of éle‘f"diwﬂéa%cc&%frﬂroiSefﬂzgsﬁiwm%%y
vi si bl e ar.g{peq RAES idecRfo@l Ctaf}@n@lqi@%xtsodn t&f@%{éﬁh@%&dshﬁb Jescend.dewndt hr ough

the platformand struts underneath. chi ps 259 have been
attached tcomiepido sppatedias prew 1"n'éia¢cmférc8§o awld %@ﬂl@ﬁaﬁsw%lscwécm@ PPBsHg &t

vi si bl e, J‘%d&'&hﬁmﬁb d@%cx%? f Y.é«k@d%‘ﬁﬁ%dkﬁ% 4!‘9‘6’8%%&@ tok{h&o@%%d%&%d@t t he

top of each”via't scends down through the platformand struts of the
carrier dmeughseall yf opirisi bl acomsdoladeadgsyipbieinfrag. 20.e Stai3A¢ wanld then ﬁeme%tﬁr poses

descri bed AbOYSHA ngaabo% a%gfwﬂ%sl% (Bl hbn th@ﬁ*ﬁ%e@&?}h%daﬁ%ﬁmﬁ%ﬁ% OR AR,

carrier can 0 ured’in an erent ways to
t her eby adcdpictedimyFig. ypnad @ifh IBﬁAomdtsayaaymanvﬂa@ﬂmhiopl pmvg‘rm ghoandgsonigetipn i n

the array epj ed i n_Fi n r conflguratlon such as the
matri x tyé%gJS‘gh}a elg%ﬁ}e%fﬂtpolfc eecf"“’t“?lmb ?a_qum JB% {fice the carrier can be easily
wired in a w d'@he\/laésjeﬁtlyvemflordlnfirﬁﬁle:l’l‘taimagt)Saﬁbhe foaha pcemomag ob¢he ded@plidg A U

;(Ca;(-a dA,I[:) Oongal?a?:gosr% %13%’? @tf@ﬁtl}\,\%% K)catmg:h oreAtier (ﬁ geph,ted in lg I 'R Ra& kagleconnec ng)nm tile
of decoupling capacitors 303 to the system can be accomplished in a variety of way. One variation
depicted in Fig. 21 A across-sectional view of carrier 301 along line XX in Fig. 20 depicts how pads
305 and 306 on which decoupling capacitors 303 sit connect by vias to internal ground 309 and
power plane 310 which make up the structure of carrier 301 as described above. Internal power
plane 310 connects to at least one via 311 in a strut and internal power plane 309 connects to one via
312 inastrut. Naturally, all connections to mnternal power plane 310 are electrically isolated from all
of the connections to internal power plane 309. In another variation depicted in Fig. 21B vias 314
and 315 descending from pads 303 and 306 on which decoupling capacitors 303 sits connect to
conduction lines 317 and 318 that in twn comnect directly to vias 320 and 321 n strat 325 which
provide power and ground connections.

Fig. 22 provides a schematic of one version of a wiring layout on a wiring substrate layer 401
of the carrier of the present invention. In the wiring layout in Fig. 22, a portion. of the Vias 403 that
descend from the Pads at the top of the platform to which the IC Chip connection can be seen.

Additionally, portions of the Viag 403 in the Struts appear along the edge of the carrier. Additionally
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package. The carrier of the present inventionis truly a nodular device. In
fact the carriers provide a standard but flexible, pin assignnents for
attaching | C chips to a circuit. board.. A so noted above the present

i nvention provides a uni que three-di nensional assenbly for BGA, %Pfg.filgpg
chips or and man), other types of IC chip packages. The invention also
provi des for proper capacitive decoupling. Additionally, it provides probe
or test points, arrays 1-57 (79 in some of the Figs.) for signal sanpling,
test points for subassenbly, etc. Also, it provides close proximty

, ground points adjacent to the probe points on the top of the carrier,

whi ch are available whether or not an IC chip is placed on top of the
carrier. An additional advantage of the present invention is that it can be
used in a three-dinensional single sided refl ow manufacturing process. The
first |ayesmdofivd ;ﬁuﬁh@pslabawuduéhﬂbcmiw&%naﬂdﬁl@ \GR petens 40h Sae ! the RawriEle
carriers placed over them a p Fig .kem§@@ond set
of 1C Ch|@§3m@aﬂﬁﬁécﬁpg%gﬁo%ﬂu qvgu m %‘éarﬁﬁﬁ?gﬁggﬁ“gg%%'%%h Fig. 17.
Once t hi sseanf ingukate Mﬂb)h@lﬁlﬂb&ﬁ@‘m{i o@exmphpm@dcmlhem@ﬁtﬂlm@t%@@fi@ll@mweﬁ‘ér ts

pl aced on top of the board only has t r rocess
to conpl e€¥eH HIBEPEST 3 8 mﬁs@awa Hmr?ﬁ%ﬁ eupsl‘érglﬂ%nﬂ@h?l%grgﬁﬁb tsoulg&gﬁgvtﬂsat andar d
pi ck and mrﬁﬁﬁainﬁ)@bhiﬁ%%n@@ﬁed{)@“ctﬁﬁ@du’s mhqu tageg waiillbum‘meterwelm@e ohtipsn &8 wel |
as the carriers. not ed ve at  sev ed IC
hi p pack g Gaelthe NEeRee gt NEBTEHE AP LR L bE Par A el TRt Copt
any standgf fhl&lpl %qﬁpbiﬂ)}upq}l Sthfe0lrsknabis fdslﬁl@ﬂ tigdailthode redidtion b%&d@ﬁca@ hpsl | as
BGA pads, I ps, CSP etc. Addi onallXé F @arragﬂgwsgl ggﬁplaced
on a stri ﬂﬁﬂgt’@ﬁ “ihws prisA GRS D PTRRLS RS RIS WTegPd S1gRiFg Y n JEDEC

styl e trays, e!:alti n. Iﬁ]&cm@mg 91%&5@4 mlaefeﬁ%sbf&ad&h@@tmkﬁfeﬁmﬂmﬂa@@ﬂ*ﬂmmu' d
appear on t(? e carrier

In one preferre can be
seen t her eowgint dﬁ‘@mémﬂt@d Bslier ol rye atﬁéﬁ%‘“ﬁcsmg%omffd&ﬁnﬂ%qgcg‘tw%e i BEUPE chi p

to. As dep| e(::rtvﬁg };[J;%[zﬁlrﬁﬁsu Reha &()%Lcﬁnﬁéﬁlthﬂﬂmmﬁﬂ b@@h@im@ll@fgﬂa tbmal:lﬂmgmarad
fifteen rows receive an IC chip. Al of the

conbi nat i eignifieent eﬁﬁquoam g gied Whithr iy ‘JQOHB“H&’P% Sm}?&flm@ig%%%eﬁge a8 onnect

the appropriate (¢ A¥ion BSiaERE BRI SOER nRR 1eAE bves hdlscenan
array of St u‘%ﬁ ®Pa &hgbgﬁﬂggfeg&g@[ S appear. These. as indi crﬂc ed above, axe

connect ed lines 4 he sdn@ tm&db}na:ttq:hmg 130 B:nﬁtilfﬂon thqﬁuhs‘gﬁie(% ﬁtpﬁe;én%)tae( Yig peations,

Addi tionally, o LABL L1806, iRadsyifid icte@isFi@rR20t her
type of a\‘BbTC(%E:’? (%eaa“% gleesf’mgA]gJ"é% }t&ﬁ"gﬁsegn eacﬁl%ri?lﬁ}%g%{san appLoprlate

desi gnat i @me siBdcoagucidelinep£07 that run between Viaset 403 to Viaset 403 are of equal length ma

aumber of connections. For instance, all conducive lines labeled 407 in fig. 22 are of the same
length. Additionally, on the other side of the wiring layout in Fig. 22, the conducive lines runping
between the Via portions 403 and Via portions 405 are the same length 410. Thus, if a chip placed
on the carrier requires a precise parallel transmission of multiple signals simultaneously, the
providing of iransmission lines on the carrier, of the same length, significantly reduces possibleloss
of coordination of the transmission of the parallel signals.

While the invention has been particularly shown and described with reference to apreferred
embodiment thereof, it will be understood by those skilled in the art that various changes in form and

detail may be made to it without departing from the spirit and scope of the invention.
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D2, or NC,etc. For instance, Pad DQJ, in the configuration shown in Figure
IS, is connected to -17 1 1%~ 1 4 AUC 2'00[3 strut via pad 3 10. As can
-be-seen, the strut pads are designhated as various pins.in-a-traditional
fashion. by referring tothe table in figure 19, the connecti ons between the
matrix of pads 303, and the pads on each strut, are indicated by pthe pis
cconversion table. This is just one exanple of the possible pad connections
that can be nade to allow a large variety of different types of chips, with
di fferent pad configurations that can be connected with carrier 30 1. Fig
20 provides a schematic di agram of how decoupling capacitors 43 is
electrically connected as descri bed above. Capacitor 43 sits on two
separate pads (Fig. 1) and each of the pads connect to separate vias one
whi ch connects to ground and the other which connects to power. In Fig. 20
decoupling capacitor 4" ) is placed on pad 41. Pad 41 is connected to via
300 that descends through strut 27 ef ,ggerier'-? | a corner of which is
visible in Fig. 20. Via 100 would than connect to an appropriate pad on a
circuit board not shown. Naturally, decoupling capacitor connects two pads
i s depict iin Fig. | and each pad connects by a separate via either to a
power or %ﬂﬁﬂhconnection to thereby becone part of the electronic
structure of the circuit. The present invention in another variation allows
for the positiogning of the.decoupling .capacifars . var ety

| ocati ons ‘on cgﬁﬁ?gfﬁéﬁimﬁ%mﬁﬂl%g%%ﬁgwﬁcgﬁaylgﬁ?éﬁﬁggﬁg%gnggggﬁé%f?En of
decoupl i ng capgeid ei$cad®r chmpi@ridche system can be acconplished in a variety
of way. One variation depicted in Fig. 2 | A a cross-sectional view of
carrier 301 along line XX in Fig. 20 depicts how pads 305 and 306 on which
decoupl i ng capaci t or$a:R08 wailta 1GA0MRE bndybotbdsutfeel Nt er nal ground 309 and
power plane 3 10 which make up the structure of carrier 301 as descri bed
above. Internal power plane " 10 connects to at |least one via 3 11 in a

strut and intepnal Joweiulk ARG RRIf GONNAGHS ah@a @BGAVIR at Sseldhdisiical sit ut .
Naturally, all ‘connections to internal power plgﬁe %WéQ1aLe euectrically

i sol ated from al | pofforheaid s BRI PRSEH AR OTTARE PR e 384 5P

anot her variation depiGheshiof shire (%4 pvirdsn314 and 315 descending front
pads 3105 and 306 on which decoupling capacitors 103 sits connect to

) said platform having a pattern of connection pads on its top suiface for recelving at
least one integrated chip on the top surface on the pattern of connection pads, a
hottom side of each pad of said pattern of pads being connected to a via that pass
down through said plaiform to a lower layer ip said platform wherein said via

connects to a conductive path that extend towards said first or second strut;

d) said first and second struts having strut vias that extend up fhrongh each strut from
the bottom of said sirtit to the top of said strut wherein each of said strut vias connect
to a specific conductive path in said platform which specific conductive path
connects to a specific via descending from a pad of the pads of the patiern of

connection pads; and

e) wherein said carrier forms a modular unit that can accept at least one integrated chip
on the top surface of said platform on said pattern of connection pads and connect

that chip to a printed circuit board to which said carrier is attached and provide in the
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conduction lines 317 and 318 that in turn connect directly to vias 320 and
"-1I I in strut 32-5 which provide power and gound connections. Fig. 22)
—-provi-des a schematic.of one version of a wring layout -on.-a wWring. ... :
substrate layer 401 of the carrier of the present invention. Ig4t Z\E PR
vviring layout in Fig. 2-1, a portion. of the Vias 40' ) that ) 'ﬁd‘f[}“"“rbom
the Pads at the top of the platformto which the IC Chip connection can be
seen. Additionally. portions of the Vias 405 in the Struts appear al ong
the edge of the carrier. Additionally -1Is AUG' 2-.Pn,, conducive paths
407 run between Via portions 403, and the Via portions 405. One of the

i nportant operational aspects of any conputer systemis providing
appropriate timng of signal novenment. Signals that may be off by a
mllisecond, or even a picosecond can often create og?rlatit%ns@lqs&g | ens

gi ven the speeds @icebhioatihclonpuiselse eURHEAT PYOIP &Y A AJUit onal 1y, the
trend is to increase the operat] L L &l oGkl B cahdr Speededf conputers,
thus, timng wil Imtﬁ%ré%%”%\l)eaﬁlpﬁgoégem@ruci al in the future. One of the
advant ages of the current invention is that it allows for the arrangi ng, of
memory or other types of chips in a threes;gieasienasikashiten what al | ows
the reduéti oﬂ“héf-a"%‘ﬁﬁﬁét"’fﬁ st mnséudupgerl]lgl?hs. “This is of ten cr u%i i

conput er ar chif Qet dir@dand sigé it plodnt ty thaiclseppseiadet WHETHY PR Ehetd  of
operation, Infact, during the .rapid.clock cyctas.afip-eamnyyesisadperation
system si gna?l?\'@ﬂfhla%/‘éast"é}Se“&rﬁ\?é‘l‘i{aﬁegﬂ%%clrmg‘ﬁnﬁat ed (gg)shi on arid arrive at a
“speci fic end oAt AibRGptdhep edgaoksiisedoad siff ol sHEPRHELC BV TR si gnal s
,nust nove in a coordi nated fashion can beLhe samgubength for each signal,
ca  significant sréawerdly FPHIS G PR RS WA LK a7i°Se from coor di nating si gnal s
~can be achieved. Another advantage of the carriers of the present
invention is that if several signals nust pov . Adj-ac@Pthapd dfaee at the
same tims, byTleetcihiafglajm héth’f@ﬁﬁﬁcﬁgtssf’)‘ﬁ%l“ﬁ%{ﬁgﬁg%@%%% by staggle)ri ng the Via
| ocations, th |inas CaR-R& HRdrLexactly the same | ength. As can be seer
inthe wri ng‘%legytgﬁﬁﬁc?e%iﬁét ed in Fig. 22, sone of the conductive |ines 407
that run between Viaset 403 to Viaset 405 are of equal |en _thaii_n a nunber
~of connections, For_ipstance . ahb.icopadus) seentiizneiss prabigt ket 4FWPH-fig. 22-
are of tHe sa “‘Cqué‘ﬁé)?ﬁ%ﬁgﬁgﬁli onaélly, on the other side of the wiring
Jlayout in Fig. 2-2, the conducive |lines running, between the Via portions
1_403 and \g.a portions 405 arg the same length 4 10. Thus, if a chip placed

e CATIETr O

a) said top exposed ends of said upwardly exiending viag in said fwst sirut are

positioned at a top peripheral edge of said first side of said platform in a first

predetermined pattern and said top exposed ends of said upwardly extending vias i

said second strut ave positioned at a top peripheral edge of said second side of said

platform in a second predetermined pattern,

m ap area dimension of said top suface of said platform 18 such that said top surface of

said platform can accommeodate at least one integrated chip connected by the pattern

of conmection pads on said top surface while Jeaving uncovered and accessible sai

first predetermined pattern of top exposed ends of said upwardly extending vias and

said second predetermined patters of top exposed ends of said upwardly extending

vias;



on . . .
sinLP?aﬁZLL;F; r?ﬂglr3$03ig{ﬁglge Parallel_transnission of multiple signals
N o , e pr of transm ssion lines on the i
thg f?gﬁskfgg%h, s;gnrflcantly reduces- possi bl e |.oss of,coord?ﬁ;[:gr’ ?f
on of the parallel signals. Wile the invention?ha%U%éggg

particularly shown and described with reference to a preferred enbodi nent

thereof, it will be understood b '

b . y those skilled in the art t [

ggﬁpgfsahg formand detail nmay be made to it w thout departihﬁt ¥ar|ouE
scope of the invention. -19 1 "IPG -k AUIGZ) gCLLfR%;VS

claim 1. Acarrier f i i i ;
t hr ee- di nensi onal arrg; g;r:ng:pgu!?tegrated Circuit chips ina
platformwith a top surface and a Lottoﬁfgﬂ}fzggdbfarr;gr conprising: a) a
; ; _ a
L:;f;ofh?esg{dsgld Platforﬁ1and a second strut at a secgazts?é;ugfaga?d
creat i heo Vg AL QVi R0 HRROE ;s foprsaigaiias ol sitid divh Wi 2ty &
leatlng a sface “BEFow the bottom surface of. sai.d & Eby
p atform having appatssn icodmecion s o LTI EL R pltopAn
Ib :Lg? connect ed t pytRnMthaistahaitropasge oﬁg\p}ﬁeqopff %w%§1§§?%ga6¥§§ %Jgi:: 21 ? f pafls
eXtendl?oag:gspgg}aogylg?egfin saig via connects to a conductivg Satﬁmfaat
. . second strut; d) sai i
e o T e T st A AP o
g sai d strut, wherei . cai o
@ specific conductlve Wt R e e B e et ve pat
' S 10 a spegfhgsuiodd ﬁ%&&ﬁﬂﬂieﬂgaﬁmwwmabeﬁ@gkegpntsﬂ ﬁbsé&aén%fméj %Eed \62 ¢ Fg? 2

of connection pads; and

top exposed ends of said vias of suid first carrier make electrical contact with said

battom exposed ends of said second cartier.

6. The apparatus of claim 5 wherein at least one integrated circuit chip can be commected to said

board in the space below the bottom surface of said first cairier, at least one integrated circuit

chip can be connected to said top surface of'said platform on said first carrier and at least one

integrated civcuit chip can be connected said top surface of said platform of said second

carrier and all of said integrated circujt chips can electrically connected to circuitry in said

board.

The apparatus of claim 5 wherein a plurality of like carriers can be placed one on the other to

s electrically comected to each other.

2

form a three dimensional array of carfier

3. The carrier of claim 1 wherein said paitern of connection pads on said platform can be varied

to form a variety of different array patterns 10 allow said carrier to accommodate a wide

variety of integrated circuit chips, with different array patterns and wherein said conductive
paths between said vias of said pads of said connection pads and said vias of sard struis can

be configured to connect said patern of comnection pads on said platform in a plurality of
different configurations to a circuit board.
9. The apparatus of claim 6 wherein said pattern of connection pads on said platforms of both

17



C) wherein said carrier forns a nodular unit that can accept at |east on-,
integrated chip on die top surface of said platformon said pattern of
~connection pads-md connect..that chip to-a printed circuit board to which
said carder is attached and provide in the -20 14 AUG 20006' “sphgeslifel ow
the bottom surface of said carrier roomfor attaching at |east a second
integrated circuit chip to a circuit board on which said carrier is
attached. 1~ The carrier of claim| wherein said upwardly extending vias in
said first strut extend up to a top edge of said first side of said
platformto thereby expose a top surface of said upwardly extending vias
on said top surface of said platformand said upwardly extending vias in
said second strut extend up to top edge of said second side of said
platformto expose a top edge of said upwardly alel’ vHagnowitsal d top
surface of sairfepkattfeonmed [@alophaideare] 8GR P%??n‘)%f(ﬁﬁ%é%?ﬁébgggh of said
upwardly ext l}glng \{ticara‘?of%hﬁle&[bn&)ﬂ%, shapeec@baicondciofpath bveh sed Yi§e of
conducti ve n&t&FT&I 4" The carrier of clai m 2 wherein said pwekdhy

ext endi ng Vi agid prcavi dél hdatd diid ShpRitiid vl B "THE CErTTer o c?ai m 2
wherein: a) said top expost : -Of cS@baspvardiyuiekéehdi ng vias in said
first strut é?lépia%]gl?‘flia )ﬁgﬁgya Q%%igic%gri pheral edge of said first side of
said platforin in a first predetermned pattern and said top expgized ends
of said upwardly extending, vias,ipn..Sake sgeenst shifditioaps! post thehéd at a
top peri Hﬁer alheetgdayy Oééqg%°1§‘lé1%g)ﬁ le}se?lggqjdo_ sai d ‘ﬂjjatf.o:[, ic%m%oﬁﬁggnd

~ predeterm neqﬂ.&r@;ﬁegmaidl@)ﬁﬂiwdmeaGIﬁFMSflﬂ@Wt%f‘ﬂoé*éa ¥Oh* Sif'ace of said

- platformis such that said top surf i didloatfcarapatahetaemomipdat e at
| east one int‘@é?é@'@&@Iﬁéb}nEB‘?ﬂ?g&'B%%glgai%%h%%t.t ern . of ip%g%neictfi 81%d{&ads on
said top surfggceriwhi}gs beavbdageding pderedandmtid dacd 41 BIE TG FI'r's
predeterm ned pattern of top, exposed en - 5@l raibys e xiiénds mg vi as
and sai d secondechrasbRdePhidHEY éi‘PtHé%ﬁu;gﬁwtg%%%%;%odgg%@ends of said upwardly

extending vi saaﬁi St and second struts.

ST ¢
11 The cartier of claim 2 wherein said exposed top ends of said vias provide test points to tes

i } ier 1 qn  circuit.
caid carrier connpections while said camer 1S connected 0 a

12 The apparatus of claim 5 wherein said exposed fop ends of said upwardly extending vias

i ints for testi id first 2 econd
said struts of a said second cartier provide contact pomts for testing said furst and se

e . o o ard.
carriers and any attached integrated circuit chips while the saime are connected to the boar;

13 The apparatus of claim 6 wherein said exposed top ends of said upwardly extending viasin

i i ints for test: id fir cond
gaid struts of a said second cartier provide contact points for testing said first and sec

i ircuit chips wi e c cted in cireuit.
carriers and any attached integrated circuit chips will same are connected 1n

in sai | 3 of sais ar tending vias in
14 The apparatus of claim 7 whegein said exposed top ends of said upwardly extending via

.

i ints for testing sai ality of stacked
said struts of a top most carrier provide contact points for testing said plucality of stack
carriers and any attached IC chips will same are connected in circuit.

i i ircuit Chip ¢ 1ected to an array of
15 The carrier of claim 1 wherein an integrated circuit Chip can be connect y

pads by leads.



/s,, 2009 G wherein said bottom exposed ends of said vias of said first
strut are in a predeterm ned pattern that is a mrror inmage of said first
predeterm ned pattern and. . .sai-d bottom.exposed ends of.said vias of said -
second strut are in a predetermned pattern that is a nirrorigngﬂg gjﬁsaid
second predeterm ned pattern; and d) wherein a second carrier Pd"Fi%QP to
said first carrier in dinensions and arrangenent of said predeterm ned
first and second predeterm ned patterns and said mrror imge first and
second predeterm ned patterns can be stacked on said first carrier and said
top exposed ends of said vias of said first carrier nmake el ectrical contact
wth said bottom exposed ends of said second carrier. 6~ The apparatus of
claim5 wherein at |east one integrated circuit chip can be connected to
said board in the space below the bottom surface of said first
carrier,~at |east one integrated circuit chip can be connected to said top

surface of sajd platformop,s. $ 4t She ©RRIILE pladighnaperlugasith aoweductivg egr at ed
circuit dfip EMHTIBE %f(g%l%ggle%gggﬁ%hgi%gurfagqej of said platformof said
second carrigpeand all of said integrated circuit chips can electrically
connected to circuitry in said board. 7. The apparatus of claim5 wherein
a plurality of like carriers can be placed one on. the Q&Qﬁ&‘gﬁﬁnjﬁﬁgla

t hree diqgnsi@g@&m@&nﬁmumﬁ16aﬂmﬁ£r@ﬁ@M€@W$$Eﬁlme@dﬁﬁgﬁVe t 8“eath ot her.

S. The carrier of claiml wherein said.paklsiasQicicanreetth drrgpadscon sai d
pl at f orm can ﬁ@l’ﬂ}lﬁﬁ“{l@&CO}E“HCWSP“‘lteé‘al\fgéré{g%)\gﬁ%?I%i fferent arra gtv terps to

al | ow sai d catfigliiohepRecammbsarie ha pwiin'teamgngaaqnéept@’f*?%dmntmpc%isgl Wt h
different array patterns ang “her%i%diﬁhﬂmﬁgﬂQUCtive variety of inte 11
pat hs bet ween twapaying taavayt OlE5iU8e FAdE ot sai d connection pads and sai d vi as
of said struts can be configured to connect said patern of connection pads
on said platformin a plurality of. differ cant.i _ & H@aSe tnatedalci rcui t
boar d. 9-HﬁheTépgaﬁ@@ﬁ*ﬂﬁ3%9%ﬁ%ﬁ%mwﬂgf%?%ﬁggyﬁﬁgg??gfn of connection pads
on said platfornms of both 1 Z t,~ U~G 21~ 06~1

i9 The cartier of claim 17 wherein said pre-selected material is a conchuctive material.

aid strut vias are formed by plating an aperture with a

70, The carrier of claim 2 wherein s
conductive material.
. ) - atine said
21 The carrier of claim 20 wherein hollow spaces feft in said apertures after plating s

rture with a conductive material are fled with a pre-selected material to thereby remove

ape . -
ad on top of said via and

said holiow spaces and allow for the positioning of a connection p

thus avoiding having to offset said pad from said vias.

22 The cartter of claim 21 wherein said pre-selected material is 2 nop-conductive material.

selected matertaiis a conductive material.

23 The carrier of claim 21 wherein said pre-
74, The carrier of claim 2 wherein:
a) Said top exposed ends of said upwardly exfending vias 1o said first strut are
positioned at a top peripheral edge of said first side of said platform In a first

24



carriers can be varied to allow said earlier to accomobdate a w de variety
011C chips; wth different patterns of connection pads, and wherein said
conductive pat-hs. between said vias of said pads of said pads and said vias
of said struts canbe configured to connect said pads on said platf
plurality of different configurations to a circuit board. P M The’
apparatus of said claim7 wherein said pattern of connection pad arrays on
said platfornms of said plurality of carriers can be varied to allow said
carrier to accormmpdate a w de variety of IC chip pad array patterns and
wherein said conductive paths between said vias of said pads of said
connection pad array and said vias of said struts can be configured to
connect said pads on said platformin a plurality of different
configurations to said vias in said first and second struts. 11, The
carrier of claim 2 whitenmesdpitdnexiroséd wppeeadsolond spyalyFEediBg v te t est
points to test said.carri.er connectlio. )i 8 oSl e GAR | SdLqmnected to
acircuit. 12. ThewC%ggwgfﬁ%g%P&%ﬁ%Fﬁﬁé“%ﬂ%?@?ﬁﬁigfgﬁﬁgégﬁgﬁ top ends of
sai d upwardly ext engiifigm\i asechnl psaicerstedyiternfand sai d second carrier
provi de contact points for testing said first and second carriers and any
attached inte.grated circult chips while the sane are connected to the
board. 13. Thg appakat Usneaficcfaiimopsuiivenianl phaiodn Bxpddatsaiddep wrdes obf sai d
upwardly extending vias in said struts of a said, secan RN i de
cont act points for&$B§¥FW§C§5FHEF?%%?a%ﬁﬁﬁgﬁlgﬁﬁk%é%?9ﬂfgﬁgbg%%dgﬁg¥
attached i nt egr at egr Giufestihd paahinsidwip slrfgaivnge RrénoroRctied icnessiblesuilt . 14,
‘The apparatus of claim7 vilieremsaid expgse op, ends, of said . rdly
extendi ng vias in ﬁ@ﬁﬁﬁh§ﬁPﬁF%W@F“Sﬁ?BB@ﬁggﬁn 3%?&%?“%&85?tgﬁ%ﬁﬂgggg poi nt's
for testing said plif@klddop-Qbtestin@lpatm 6a6) bebsdand ofnyd atwaithedenliGzchi ps
wll s,,une are connected in circuit. 15. The carrier of claim| wherein an
integrated circuitv@ip can be connected to an array of pads by leads. 1
1, AJ(G 16. The carrier of claiml| wherein said vias are fornmed by

pl ating ans apepfune.Wrfd 1SRRGHEE i ve  material.

a) Said top exposed ends of said upwardly extending vias in said first strul are
positioned at a top peripheral edge of said first side of said platform in a first
predetermined pattern and said top exposed ends of said upwardly extending vias in
said second strut are positioned at a top peripheral edge of said second side of said

platform in a second predetermined pattern, and

b} An area dimension of said top suface of said platform is such that said {op surface of said
platform can accommodate at least one integrated chip contected by said pattern of
connection pads on said top surface while leaving uncovered and accessible said first
predetermined pattern of top exposed ends of said upwardly extending vias and said second

predetermined pattern of top exposed ends of said upwardly extending vias,

76.  The carrier of claim | wherein said first and second strut are a plurality of struts which

support said platform.

77, The carrier of claim | wherein said pads are directly above sald vias.



17. The carrier of claim 16 wherein holl ow spaces left in said apertures
after plating said aperture with a conductive nmaterial are filed with a
~pre-selected material to thereby renove  said hollow spaces and allow for

. the positioning of a connection pad on top of said via and thus having. to
avoid offsetting said pad fromsaid vias. 18. The carrier of cl@milE 5
wherein said pre-selected material is a non-conductive material. 19. The
.carrier of claim17 wherein said pre-selected material is a conductive
material. 20. The carrier of claim2 wherein said strut vias are forned by
plating an aperture with a conductive material. 2t. The carrier of claim
20 wherein hollow spaces |left in said apertures after plating said
aperture with a conductive nmaterial are filed with a pre-selected materi al
to thereby renove said hollow spaces and allow for the positioning of a
connection pad on top of said via and thus avoiding having to offset said
pad from sai d M agrier bhelagar lvhetin ofid pldainmofi®t fromided elam sai d pre-sel ect ed
material is a non-conductive material. 1-3. The carrier of claim2 t
wherein said pre-selected material is a conductive material. N The carrier
of cl ai m 2y whefginiiear ciomh dwhapinexppsedreehdsiyabovsaiidvapwar dl y ext endi ng
vias in said first strut are positioned at a top peripheral edge of said
first side of said platformin a first -241i 11, ;,,, 1] i- predetermn ned
patern ang, saif,.LQR.EXPASSSwanES saf p&Riat dipwansisyidektendi ng vias in said
second strut are positioned at a top peripheral edge of said second side of
said platformin a second predeterm ned pattern, and b) An area di nension
.of said top suface.qf f&%ﬂ \ﬁle@éﬂtﬁémm&nﬁﬁlﬁhs {sB@dre SRicttd trop (s prb@cEBGA  sai d
‘platform can acconmopdate at | east one integrated chip connected by said
pattern of cqonisstChoscpadsison said top surface while | eaving uncovered and
accessible said first predeterm ned pattern of top exposed ends of said

upwar dly extendi ng vias and said second predeterm ned p atte&n of top
exposed epzls Ofhesatick ciplamr tivjereix sahetopng inegrated ¢circuit chip is positioned on a Pottom’

surface of said surface of said platform and connects to a circuit board through vias and

conductive lines in said platform and said first and second struts.

The carrier of claim 1 further including pads for clectreially comnecting at least one

jos
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decoupling capacitor to said carrier.

The carrier of claim 33 wherein said pads for said at least one decoupling capacitor connect

s

to either a power or ground layer in said camier fo thereby connect said at ieast one

decoupling capacitor into an electrical cireuit.

The carrier of claim 33 wherein said pads for said at least one decoupling capacitor connects

Lo
1

to vias in a strut and when said carrier is attached to a circuit board said vias connect o
power and ground connections on caid circuit board to thereby connect said at least one

decoupling capacitor into an electrical circuit.
36.  The carrier of claim 335 wherein said pads are positioned at a top of said strut.

37 The carrier of claim 35 wherein said pads for the at least one decoupling capacitor connects
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vias. 2i. The carrier of claim17 wherein: a) Said top exposed ends of said
upwardly extending vias in said first strut are positioned at a top
~peripheral -edge of said first side of said platformin.a first
predeterm ned pattern and said top exposed ends of said upmardlyﬁeg%gﬁg%%%
vias in said second strut are positioned at a top peripheral edgé"o?“éaf”
second side of said platformin, a second predeterm ned pattern, and b) An
area di nmensi on of said top suface of said platformis such that said top
surface of said platformcan acconmpdate at | east one integrated chip
connected by said pattern of connection pads on said top surface while

| eavi ng uncovered and accessible said first predetermned pattern of top
exposed ends of said upwardly extending vias and said second predeterm ned
pattern of top exposed ends of said upwardly extending vias. 2) 6. The
carrier of claiml. wherein said fi i d, Seaemnd pSihk ukicahewma cphnertal i ty of
struts mﬁﬁ@ﬁvmgﬁﬁﬁS%9“§gﬁeOﬁgﬁngfﬁgkgggagﬁé carrﬁgr of claim| wherein
sai d padg safeidid @ptskyt. above said vias, -25 28. Fhe carrier of claim]l
wherein said pads are offset fromsaid vias. 29. The carrier of claim?2
wherein said pads- are directly above said vias. 30,. Tgf‘carrLer.of claim
2 wher ei i saithepads: @rrinof fdetinfiromsaidtdi asch e SPRECULPFFEFISER Ufai m |
wherein the connecti on Paﬁs uisd aggjéplected fromthe group of BGA pads
or Chip scal elpabad3owhishd e3Pt F8P*5T claim | wherein said second
integrated circuit chip is positioned on a bottom surface of said surface

of said platformand connects .to.a circuit 1PUSR A s Afdhion
conduct i v& | i Hesaiigr S grigt b bErsy ‘?HHJﬁﬁ%n$%%g%ggﬁgﬁsggond struts. 3 3).

The carrier of . cla) Mkabdcthgroob@c! udi ng pads for electrcially connecting
at | east one decoupling capacitor to said carrier. ,4. The carrier of
claim 33 wherein said pads for said at |east one decoupling capacitor

connect 40 The carier of claim 1 wherein said carrier is fabricated by an injection molding process.

41 The carrier of claim 1 whetein said vias are fabricated by a process selected from a group of

a step laminate method or depth routing method.

42 The carrier of ctaim 2 wherein said top exposed ends of vias in said struts provide points o
conduct single analysis of said carrier when connected to a circuit board with at least one 1IC

chip connected to said carrier.

43 The carier of claim 2 wherein said top exposed ends of said vias in said struts are used for

testing or signal analysis at least one ground point is adjacent to said for facilitating the

signal analysis or testing.

44 The carrer of claim 43 wherein said at least on oround point is selected from a group ofa
special ground area adjacent to said top exposed ends of said vias 1n said strut or at least on

of said top exposed ends of said viasis a ground point.
45 The carier of claim 44 wherein said signal analysis or testing is conducted by probe points.

46 The carrier of claim | wherein said second integrated circuit chip comnects direcily to a
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to either a power or around |layer in said carrier to thereby connect said
at | east one decoupling capacitor into an electrical circuit. 35~ The
~carrier of claim33 wherein said pads for said at |least one decouplin.-...
capaci tor connects to vias in a strut and when said carrier is attached to
a circuit board said vias connect to power and ground connecti onk U@d’ie’é“
circuit board to thereby connect said at | east one decouplin.o capacitor
into an electrical circuit. _36. The carrier of claim~ 5 wherein said pads
are positioned at a top of said strut. 37. The carrier of claim3 5 wherein
said pads for the at | east one decouplin-L capacitor connects -26 4, AU,
AUMo to said vias in said struts by secondary vias that connect to
conductive paths which in turn connects to said vias in said shut. 38. The,
carrier of clajm.l W TR ) e % At chtak | et b6
characteristi ?gmélfbo%{a\{@%%%%?igﬁ{le?m%%é%gﬂﬁ)&\g\ﬂ@ R?l{?l O\?ﬁ T mﬁ%hggﬁggg%%gﬁgg. The
carrier of cl altwhtd mhenaitrbosdi d carrier is fabricated as a nmultiple |ayer
board in a fashion simlar to a standard circuit board. 40. The carrier of
claiml wherein said carrier is fabricated by an injection nolding process.
41. The c4rri eymafodfhaimmdingiiehig: on ssacdt igisn atheee fdabmnéicwt 2dy.byid mefrdcess
selected froma lgqpqoup of a step lam nate nethod or depth routing nethod.
42 . The carri"8PPE5EdRSS 9 35 wherei n sai d top exposed ends of vias in said
struts provide points to conduct single analysis of said carrier when
connected to a circuit board witf _a%p‘lleast one |I1§ .chip connected to said
carrier. 4-3. The ®arriPeF 4 1 %oHR S (P BE R 'EH{G¥p exposed ends of said
vias in said struts are used for testing, or signal analysis at |east one

ground point is adjacent to sajd for facilitating the  .signal sis or
testing. 44, The c@rri é’FO"bangé'lltQ?Wlﬁﬁ“%?\gf‘@?twsé‘ﬁk?og‘Sﬂppﬁaté‘%{g’?angﬂle%ﬁ%ﬁﬂ poi nt
is selected froma grouRxek;a special ground -area adjacent to said top
exposed ends of said vias in said shut or at |east oil

) connecting electronically said chip through the platform: and the strut to a

circuit board when the carrier is connected to a circuit board;

d) forming the at least one strut and platform in a configuration that allows for
space beneath a bottom portion of the platform so that when the carrier is
attached to a circuit board there is space beneath the platform for connecting

a second IC chip to a circuit board; and

e) providing test contacts on the carrier that are accessible when the carrier is

attached to the board and an IC chip is connected to the top of the platform.

48. The method of claim 47 with the further step of stacking a plurali%y of carriers with at least

on IC chip on each cartier.

49, The method of claim 47 wherein the step of connecting an IC chip electronically fo a board

to which the carrier might be attached includes the steps of:

a) providing electrically conductive vias which exiend down from connection pads on
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of said top exposed ends of said vias is a -,round point. 45. The carrier
of claim44 wherein said signal analysis or testing is conducted by
probepoi-nts.. ..46. The carrier.of. claiml. wherein said second integrated. .
circuit chip connects directly toa -27 2 00 b circuit boardqgquatgwghe
bottom surface of said platformof said carrier when said carrier? gb 400
attached to a circuit board. 47. A method for arranging |C chips on a
circuit board in a three-dinensional arny, said nmethod conprising the
steps of a) providing a platformfor receiving a first 1C chip; b)
providing at | east one support strut to support said platformand thereby
form a carrier; c) connecting electronically said chip through the
platformand the strut to a circuit board when the carrier is connected to
a circuit board~ d) form ng the at |east one gtrup and platformin a
configuration that_ all 06 S Racechen&athn felsoti®om portion of the

pl atform so thata%hgﬂotﬁ%pgg?ﬁier is attached to a circuit board there is
space beneath the platformfor connecting a second IC chip to a circuit
boar d; and C?x provi di ng, .65k GOnLARNS @Rhthe lpayinitercoriraondiEaccessi bl e
when the carrer 74"“4ftached to the board and an 1C cl-iip is connected to
the top of the platform 48. The nethod of claim47 with the further step
of stacking a plurality of canri Wictiieab tHeaastst ot chi p on each
carrier. 49. The H@Pﬁ%ﬁwGLhﬁﬁgﬁﬁfﬁgmmherein the step of connecting an IC
chip electronically to a board to which the carrier nightwge até%%ﬂed

i ncl udes the steps of . PRV di ng, Glihd € Rhdt ynecourderehithvie coRng i ch
extend down fPom @Wﬁﬁé@te%tﬁe%g’ 'glgdé]gt%?’lzag 4AU G 29GS

clectrically conductive fines ma pre-selected pattem,

i tve viasi At least one strut descend from the point
2) having the electrically conductive viasin the at least o

where they connect to the electrically conductive lingsto a bottom of the at least one

strut; and

L _ ;
) terminating the electrically conductive vias at the bottom of the at least one strut &

i i the carrier ircuit board.
connection pads that allow for connection of the camrier to a cicu

50.  The method of claim 49 wherein the steps of providing vias descending from the platform,

and vias in the at least ene strut, includes the steps of!
a} providing apertures in the platform or suut; and

b) depositing in the aperfures an elecirically conductive material.

51 The method of claim 30 including the further step of depositing additional fil} material into

hollow spaces left by the step of depositing electrically conductive material in the apertures

. " : : o
2 The method of claim 31 wherein the step depositing additional fill material comprises

depositing non-conductive filt matenial.
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file top of the platformto a connection level in the carrier; b)
connecting the vias to electrically conductive lines in the connection
~layer; ...Cy.runni-ng-the electrically conductive lines to the at | east one
strut; d) providing electrically conductive vias in the at |east Line sturt
to which to connect the electrically conductive lines in a pre- sel?d%§d7ﬁf
pattern, e) having the electrically conductive vias in the at | east o
strut descend fromthe point where they connect to the electrically
conductive lines to a bottomof the at |east one strut; and t) term nating
the electrically conductive vias at the bottomof the at |east one strut at
connection pads that allow for connection of the carrier to a circuit

board. 50. The method of claim49 wherein the steps of providing vias
descending fromthe platforn1 and vias in the at |east One strut, includes
the steps;of : 1) ndh@Virdiahgs2 apatiurase o defveitipg atdilonh rmaeial omREHES b)
depositing in the apertures _an electrically conductive material. 51. The
met hod of cIaﬁ%@%@l{ﬁ@ﬁﬁHVﬁé”Pﬂﬁ“$urther step of depositing additional fil

material into hollow spaces |eft by the step of dep05|t|ng electrically

Ctop depodi {1 udtd Pan 0T ISHRLBF AR BONPYE Ces  HEpRLN Phylcatel 1 the

non- conducti v CL.E:dSﬂbLG JIBL Qlelcatier i 4ttabhall 165 Zirddit OGoft 311(521 fr st'ﬁﬁeahnres CH)GEFCW &l ai m 52
wherein the step of dep 05|t|ng addi tional fil

deposi ting coﬁdmbﬁbW@H$mﬁ¢ﬂ%%%@ﬂﬁaﬁwm@ﬁai*ﬁ&*ﬁ% &mgeﬂ?aln1§% wharein the
stop of prOV|d| %fﬁ est,,contact points on the carrler accessi bl e when the
carrier is at d"to a circuit board and a first IC chip is connected to
t he platforn1|ncludes the step of providing at the top of the at |east one

strut ex POS ed éz{ %?1@}_? ﬁwr gﬂ an {1}5 E@au% AS cirBlirtRard M £@fek iderentional aravasugl aagiel C

circuit on-a three-di nensional array, said carrier
conpri si ng: comprising:

a) means for providing a platform for receiving a first IC chip;
b} means for supporting said platform to fhereby form a carrier with a space beneath
said carrier to thereby provide room for connection of a second 1C chip to a cireult

board when said carrier is a attached to a circuit board; and

c) means for electrically connecting, through said means for supporting said platform, a
first IC chip that is connected {0 the top of said carrier to a circuit board when the

said carrier is connected to a board.

56, The carrier of claim 55 with further means for providing test contacts on the carier that are

accessible when said carrier is attached fo a circuit board and an IC chip is connected {o the

top of said platform.
57 The carrier of claim 55 with means for stacking a second cairier on top of said carrier.

58 The carrier of claim 53 with means for stacking a plurality of carriers on top of said carrier.



a) neans for providing a platformfor receiving a first IC chip; b), neans
for supporting said platformto thereby forma carrier wwth a space beneath
sai-d-carrier-to-'thereby provide roomfor .connection. of-a second lC chip-to
a circuit board when said earlier is a attached to a circuit board; and C)
means for electrically connecting, through said nmeans for supportﬁﬁgéﬁﬁh&ﬁﬁ
platform a first ICchip that is connected to the top of said carrier to
a circuit board when die said carrier is connected to a board. 56. The
carrier of claim55 with further nmeans for providing test contacts on the
earlier that are accessi bl e when said carrier is attached to a circuit
board and an I C chip connected to e top of said platform 57. The carrier
of claim5 5 with nmeans for stacking a second carrier on top of said
carrier. 58, The carrier of claim5 5 with neans for stacking a plurality
of carriers. onThoprief ofshinds Cerardieths meant Or AvGicRBoemes oL, Hrpu2aidrtdts 19f ¢l ai m
55 wherein the neapns far, el ectri Ly . I , q i . for
supporting sai t'Ppi* w%%@a%ﬁgn%ﬁﬁgfﬁ%ﬁﬁg @%Q@ﬁ%?&?%&%g%gg%?g%%%gmgﬁﬁﬁ§bp of
said carrier tpyaal lchCitiskid choarid cavhernedthe bead dmpakesi er is connected to a
board conprises: a) electrically conductive vias which extend down from
connection pads on the top of the platformto a connection level in said
carrier; b) copductixeichkN®snintisaiics dorneetd @wnlfayernroimaets adhd Py of
conductive vias -which extend down fromthe connection pads; C) wherein
the support means % PROFBIRY CogRw et P HAY ‘PR el ectrical |y conducti ve
lines run to the at least one strut; d.) conductive vias in the at |east

one strut to which to connect the electricall conductive .lines |
pre-sel ect ed phk t ercAndugig legs Bt onpeetiedass] ‘%’E’%gfti t%tg‘ff‘ f%}l%%c iﬁ%‘d%stvi@?/% e{{/t{’;l}a@ in

"the at |east one sjfHtofescens:fisomat;he point where they connect to the
electrically conductive lines to a bottom of the at

c) wherein the support means is at least one strut and the electrically conductive lines

run to the at least one strut;

d) conductive vias in the at least one strut to which to connect the electrically

conductive lines in a pre-selected pattern, and

€) wherein the electrically conductive vias in the af least one strut descend from the
poini where they connect to the electrically conductive lines to a bottom of the at
least one strut; and terminate at a bottom of the at least one struts at connection padls

that allow for connection of the carrier to a circuit board.

60.  The carrier of claim 39 wherein the electrically conductive vias in the platform and the at

least one strut are formed by apertures into which 2 conductive material is deposited.

61.  The carrier of claim 60 wherein the apertures include fill material into hollow spaces left
electrically conductive material is deposited into the apertures o thereby provide suppart for

a pad placed on said a top end exposed end of the via.

a2, The carder of claim 61 wherein the fill material is nop-conductive fill material.
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| east one strut: and termnate at a bottomof the at |east one struts at
connection pads that allow for connection of the carrier to a circuit
-board. 60.. The carrier. of claim59 wherein the electrically conductive. vias
inthe platformand the at |east one strut are forned by apert ufdsAlatds
whi ch a conductive material is deposited. 61. The carrier of clairn 60
wherein the apertures include fill material into hollow spaces |eft

el ectrically conductive material is deposited into the apertures to

t hereb), provi de support for a pad placed on said a top end exposed end of

the via. 6 1 The carrier of claim6l whei emthe fill nmaterial is
non-conductive fill material. -31 AUG -2006' 63. The carrier of claim®62
wherein the fill material is a conductive fill material. 64. The carrier of

claim 63 wherein the test contact points on the carrier accessible when the
carrier is attached to a circuit board and a first 1C chip is connected to
the platform ate c.hQF b Br oiaiingnatilt hatetiapisob ddaeucate |fensiateoine strut
exposed top ends of the vias. 65. The carrier of claim64 wherein the at

| east one strut is two struts. 66. A carrier for arranging IC chips on a
circuit boardp.ail e a%ﬂémné QAR csRESBYs poSdi 6 BAEATiaraccceOHPRihel Mg: @) a
platforn1for rece|V|ng first IC chip; b) at |east one strut for
supporting saicaripl iagfiashed @ qileF basyd st (ol I8 CoRpestRd & EpBIHO ™ h8Reat h
said carrier L OV f 0 &f erds SIegoREL | C chip to
a circuit bog§g$€§%§9§g@a%€g$§Fg@ﬁ?gigﬁgggggﬁgdi Q;CIYCUIt board; and QO
an electrically connecting path from connection pads on a top of sald

pl at f orm f.or ecel.yvin p, through said
platfornl&gndTégfﬁan mnﬂ%w@%%ﬂ? &n%ﬁﬂﬁ$kﬁﬁgﬂﬁgﬁﬁgitlon points at at a
bottom of said one stlnt mhen sald carrler is conn ected to a circuit

g(r):r gc c glqu Ble éaf: %’r’:lxielﬂ.' or glé&iﬁélng g: f’ 1%5 on a cucuzt b%gl% iC O ARG RenSBnd t}ﬁayp afid dBfer t hat
comprising:
a) a platform for receiving a first 1C chip;
b) at least one strut for supporting said platform to thereby form a carrier with a space

beneath said carrier fo thereby provide room for connection of a second IC chipto a

circuit hoard when said carrier is a attached to a circuit board; and

¢) an electrically connecting path from connection pads on a top of said platform for
receiving and connecting a first IC chip, through said platform, and said at least one
strut to connection points at at a botiom of said one strut when said carrier is

comnected to a circuit board.

67 The carsier of claim 66 with test contacts on the carrier that are accessible when said carrier
is attached to a circuit board and an IC chip is connected to the top of said platform.
68.  The carrier of claim 67 wherein said test contacts on the carrier can be used for stacking and

a electrically connecting a second carrier on top of said cauier.



is attached to a circuit board and an IC chip is cornected to the top of
said platform 68. The carrier of claim®67 wherein said test contacts on
~the .carrier .can be used for stacking and . a electrically connecting-a
second carrier on top of said carrier. -14 Au-~ 69. T he carrier of ciann
67 wherein said test contacts can be used for stacking a pIurahéﬁﬂgﬁiég’
carriers on top of said carrim70. The carrier of claim66 wherein the

el ectrically connecting path conprises: a) electrically conductive vias

whi ch extend down fi-omapturality of connectionpads on the top of the
platformto a connection level in said carrier; b) conductive lines in said
connection | ayer that connect to the conductive vias which extend down
fromthe connection pads; conductive vias in the at |east one strut to

whi ch t hesel ectid alet y Conducticwe daldnes coconnec be iised dopreekiseh pbtaidy pat t er w
and d) wherein the electrically conductive vias in the at |east one strut
descend fronlﬂﬁéﬁﬂﬁﬁﬁﬂimﬁﬁ'F%“%hey connect to the electrically conductive
lines to a bottomof the at |east one strut; and terrainate at a bottom of
the at | east one struts at connectio ag_ that al ] ow for connection of
the carri éf tdT%*@V@%%FFmﬁééﬁﬂgm?fﬁE#ﬁgm EFPPE¥m8ﬂm 18I"M"fE wherein the
electrically conductive vias in the platformand the at |east one strut
are formed by apertures into which a conduc 've}naterL%I i s deposited. 72,
The carrier of®cl ai $aclEaNrEPSICHVE s WhFdrerighd e iiRRapdEalty pioopet KPS
deposited into hol l,ew. i§P3seS L 1hl @ekdchicaklyineoadugti ve material is
deposited into the apertures to thereby provide support for a pad pl aced
on said a top end exposed end of the via. 71 The carrier of claim72

wherein the fi é)' . MRL kiR Ii:he% iﬁ%gd %ﬂeciibﬁ’ﬁ}&_\’iﬁi{ Jo'nﬁéct Mﬁo&ﬁl{c_ﬁvé Has Wihéh

carrier of clai'ni 71 wherein t fill material is a conductive fill
material, -31 Al Jle@GRDB6n from the connection pads;
c) conductive vias in the at least one strut to which the electrically conductive lines

connect in a pre-selected pattern; and

d) wherein the electrically conductive vias in the at least one strut descend from the
point where they connect to the electrically conductive lines to a bottom of the at
least one strut; and terminate at a bottom of the at least one struts at connection pads

that allow for connection of the carrier to a circuit board.

71.  The carrier of claim 70 wherein the electrically conductive vias in the platform and the at

teast one strut are formed by apertures into which a conductive material is deposited.

72, The camier of claim 71 wherein the apertures include fill material deposited into hollow
spaces left electrically conductive material is deposited into the apertures to thereby provide

support for a pad piaced on said a top end exposed end of the via.

Ll

The carmier of claim 72 wherein the fill material is non-conductive fill material.

-1

74, The camier of claim 72 wherein the fill material i3 a conductive fill material.

0

-39



75~ The earlier of claim70 wherein, emthe test contact points on the
carrier accessible when the carrier is attached to a circuit board and a
first I.C.chip-is connected to the platformare.  fornmed by providing, at - the
top O the at |east one strut exposed top ends of saidvias in saildidt 2608

| east one strut. 76. The carrier of claim75 wherein the earlier is
fabricated in a the gane fashion as a printed circuit board. 77. The
carrier of claim70 with test contacts on the carrier that are accessible
when said earlier is attached to a circuit board and an IC chip is
connected to the top of said platform 78. The carrier of claim77 wherein
the test contact points are formed by top exposed ends of said vias in the
at |east one strut. 79. The carrier of claim67 ,Nierein the test contact
points are forned by top exposed ends of a plurality of vias in the at

| east one strut. 80. The carrier of claim®66 wherein the aiﬁibil %gés}t%he?me strut
is two struts. 81, The.carrier. of. ckaiamb8aiimoh Hercaingt FGeHsHg ¥ or

el ectrciial | yﬂ@(ﬂﬁﬁ”@é?i{]‘ﬁbmjp “ihglé%nt%kbﬁlg%@decgupf ing, C&P%Ctb Rl ktRrs abed
carrijer. 8I The S &l fiefedef a chraitrhogdBrd wheT &F (BT ¢ "pads bﬂ?traiu’ s ai Scéi’;‘i‘g‘: | east
one decoupling capacitor connect [ 211t Apdeedwep cgls obyagiyid in said
carrier to tfmen@BV%%’Nﬁ@é"tﬁkg’Pa%tg?gtﬁ%g{g%&gﬁe }decoEpI ing, capacitor into an
el ectri cal Cfeéq(f%éstmﬁ , The carrier of claim81 wherein said pads for said
at | east one ‘decoupling, capacitor connects to vias in a strut aid when
said carrier is attached to a circuit board said vias C-.Q“O%thsaﬁ)ﬁnted‘l power
and ground Cg@”@%tiér%@aaiﬁxn?5sﬁleelencihéeaﬂieribfaamqat%‘lﬁl?t‘lli‘féﬁ‘lé‘b TEedt sai d at

| east ond d %‘U‘pjl I'n.0- capacitor into an -electric at circuit 84, The
carrier of ckatunt®ardwherein said pads are positioned at atop of sai |
strut. 85. The carrier of claimS' ) wherein said pads forthe ,it |east one
decoupling capacitor connects to said yigs.i. b Q- csdstoidwhehyaid empandar y

vl as thaﬁ_cor'[rg}iee;ﬁyriélml’dmindmcftlﬂl\ﬁ%ﬁt%i‘faﬁ‘éOmﬁeg%m%iﬁmfﬁjﬁ% connects to said vias

'nosatd sty Utié attached to a circuit board and an IC chip is connected to the top of said plattorm.

i e f X d ends of
78 The carrier of claim 77 wherein the test contact peinis are formed by top expose

said vias in the af least one struf.
xposed ends of a

. : -, - 5 C
79 The carrier of claim 67 wherem the test contact points are formed by top

phurality of vias in the at least one strut.
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R0 The carrier of claim 66 wherein the at least one st 18 two stru
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81 The carrier of claim 66 further including pads for clecticially connecting at least on
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decoupling capacitor 0 said carrier.
& decoupling capacitor connect

aid pads for said atleast on
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2 The carrier of claim 81 wherein s -
- hereby connect caid at least one

to either a power or ground layer in said camier to 1

decoupling capacitor info an electrical clrewit.
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86, The carrier of claimS | wherein it is constructed to match the

el ectrical characteristics of a circuit board to which it wll be
conncctcd~ 87.-The carrier.of.claim8l.-wherein said carrier-is fabricabgd
as a nultiple layer board in a fashion simlar to a standard cﬂrhdﬂﬁ?“
board. -rier of claim8l wherein said carrier is fabricated by an injection
nol ding process. 88. The car 89. The carrier of claim8 t | wherein said
vias are fabiricated by a process selected froma group of a step |amnate
met hod or depth routing nethod. 90. The carrier of claim82 wherein said
top exposed ends of vias in said struts provide points to conduct single
anal ysis of said carrier when connected to a circuit board with at | east
one IC chip connected to said carrier. 91. The carrier of claim 82 wherein

said top exposed ends of said vias.id. &l shastbulscbarenusedifBicast®8ting or
si gnal analy§P§méFdﬁéﬁ§{“%W%%§P3%H§pgint is adjacent to said for

facilitating {hepisi@nalioanakyslesier cit€dting. 92. The carrier of claim9l
wherein said at Ieast on ground point is selected froma group of a -35 -4
ALI C special ground area adjacent to said top expo§_dqu%l of said vias in
said Stryl orpalgki6askin0m ohersakad popaexpiese BAdY B Said vias is a
ground point.  93. The carrier of claim92 wherein said signal analysis or
testing is conducted by probe points. -36
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connects to said vias in gaid strut.

i : ~trical characteristics of a
36 The carvier of claim 81 wherein it is constructed to maich the electrical charact
circuit board to which it will be connected.
/ ier 1 eated as ¢ t) - board n a
87 The carrier of claim 81 wherein said cagrier is fabricated as a multiple layer

fashion similar to a standard circuit beard.
s an inject] ing Process.
88 The carrier of claim 81 wherein said carrier is fabricated by an injection molding p
i I 3 process C agrou
89 The carrier of claim 811 wherein said vias are fabricated by @ process selected from a group
of a step laminate method or depth routing method.

i 1 sai ins in said struts provide pomts to
90.  The carrier of claim 82 wherein said top exposed ends of via

g y [ circul ard wi least one 1C
conduct single analysis of said carrier v hen COHI’IECtGd to a circut board ith at

=)
Ch}p CO!H'IECYBCI 1o sald carrier.
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int is adj - to said for facilitating the
testing or signal analysis at least one ground point 18 adjacent to said for fac g
signal analysis or festing.

i : ‘0t is selected from a group of a
92 The carrier of claim 91 wherein said at least on ground pointis select group
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special ground area adjacent to said top exposed ends of said vias in said strut or at least on

of said top exposed ends of said vias is a ground point.

93.  The carrier of claim 92 wherein said signal analysis or testing is conducted by probe points.



