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Circuit Board with a Three Di nensional Surface Mounted Array of
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priority under 35 USC 119(e) fromUnited States provisional application
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The present invention r8tefacedVounted Arigy obdemicensuctos IRt uri ng process and
nore particularly to a nethod and system for fabricating sem conductor
chips ifn a three-dinensional array on a printed circuit board. BACKGROUND
OF THE | NVENTI ON 20 Sem conducRBLATBADpPPUEGATIONSal | y connected to a
printed circuit board that in turn interconnects the chip into the rest of
circuitry with which the chip will operate including other chips on the

printed circui tTRoREednt 4gplitddn Qﬁ%s bh&ufmhm 35EUSC %mmaﬂfr@mtulﬂtéacma&est he
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causes are the increasing random access onputer
menori es, gfESwiicbndiicisr Chagst.er conputers demand for nore conpact conputers
and a push to decrease costs of printed circuit boards by increasing the
circuit density on the printed circuit board. In the md to late 1980's

the industry sw tched over froffeaptGchaPIQUENTI®Y attached conputer chips
to a printed 30 circuit board through holes in the printed circuit board to

one that used a surface nDunting technol ogy. Wth the advent of surface

nmount technol o convent i on hr ou rds
have bégn r epl g]}:lﬂeeop rese%mven% i r‘fllat\e/%%rr% Qer{}l%n%ﬁagpm% ﬁg\gs@?‘% g%éﬁdopgghe
printed cpdridlildrlydeaf@thod hidssystbth Waﬁrmﬁtxng”lséxhlcmhﬁcﬂoﬁyﬂfseﬂla thrdeadimeénsibmalr ds

mnth a conpl ex network. of
array on a printed circuit board.

BACKGROUND OF THE INVENTION
20
Semiconductor chips are typically connected to a printed circuit board that in turn
interconnects the chip into the rest of circuitry 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 in a simple two-dimensional array. Over the years the trend in the
25 computer industry has been towards more densely packed printed circuit boards. Among the
causes 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 mid to late
1980’s the industry switched over from a technology that attached computer chips to a printed
30 circuit board through holes in the printed circuit board to one that used a surface mounting
technology. With the advent of surface mount technology, conventional through-holes on printed
circuit boards have been replaced with conductive mounting pads on the surface of the printed

circuit board. This allows for multiple layered circuit boards with a complex network of
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-1 WD 02/ 074024 PCT/ US02/ 09203 i nterconnect |ines running between the
| ayers of the board. In turn this has allowed for the increase in the
density oWoahiop®2on a printed circuit board which not onl ycdasorexes the
size of the board but increases the operating speed of the conmputer by

reduci ng the di stance signal s hav o travel he en .chi ps.on e board. 5
The move. t DUEERSE Dnes g Rws oo bf B foudy SRR R aEhed fF e
practice OfcreR@$d the QhsidoflchiPs 61 RtcdRirbdioRidiwhiGotdnlEdétieaddORE Sizd oT th
variety of configurations to increase chip density on the circuit board

and t her ebYoagbhut tgreases the opgratingspasd pethoramputen by efucing thedisipnce sigeabs ha¥pler at i on

of the ove{rgje'b%}égegl%ﬁsg# ehaldy, conventional configurations stack the
chi ps on one anot her to Increase density. The practice of stacking the

chi ps on one another is particularly adaptable to nmenory chips given the
redundancies in_their circuits. Up until the present, in order for the

chips to be stackeb®ro6h acﬁd’b‘{“ﬁbgcm_@ﬁé‘f’%ﬁ%‘gwmﬁg rgaied gr%acg%eh?éave a
three- di @aio% ltheAhip@Yon &2 prifd EirdustWohrd ROV Aiety T 0P gRFatibRHe nereAd@hipo send
the chips to a third party nmanufacturer that specialized in the techni que

of per manedansiy prothicitepitchriapkandthesebytdgerrase theadisianse betwsenghe glipsig spesd Uphi ps
general ly consi f i m r IS | a

vari ety o?pe[r)ar%(()) F’gﬁg 8‘(%@%&%?‘%9 |“%r‘{§ﬁyde°{”§§§&°{?’§‘ﬁ8? e%"’ltr aﬁ}oh&ﬁ%\g :h{rgfgC il g&? (g'ﬁy on an
out si deo mastetiae tolintragse idawsity | TYie practite pditavkirigathe citpsageont andthe icparficulslya

result of directly soldering the chips together. Recent devel opnents, in
parti cul ar 24epBbls typemery "%fﬁiﬂ‘?"?f‘é’i‘ﬁre‘g?‘g?}‘fl@s g‘rﬂé"é‘iﬁ‘ﬂ:“‘fsn\f?@ﬂf’?lg?? PSR/ In oger ‘

resul ted i g WP 0 THE BtadlRl ©neInk i pbBEN 1o TRGBAe IRl RhABKINAGachBIPE thre-2
printed circuit board in a three dinmensional array. These deveLp(Errents are
¥

descri bed dimedsomi arrayronghpeirsdit heprghapmputer mghsrsihedtd snd the ghiggitormthirgparty

applicant herein, t bei.ng: Unj t.ed t . i.catd fear.
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Gi r cui tis Packa@mg the chipt benkrallyicdneiste DS safibrirgilent fok&her APiiik In téim ck&B@a variey Uni t ed
States patent application for a 25 "Electroni g, Modul e Havl}ggeg a Tgr,?e

Di mensi onaff PEphlenys ingluding imedelays inbereet in prvingtogelpnen putsife mansicpggesiie  j o

number 09/ ovaflalldaingsh t%ﬁ{e(éhi s a 300 of BREMY RldeliReme fcﬁpﬂbg&ﬁ’éﬂ ons are

i ncor porate erein by reference and nade part hereof as If set forth

herein at length. The two referenced applications describe a uni que
el ectronic mod eecexgt t;lizea';['eloiprr]ne(raxlfs]c i%%%rti urlgr\/tilgs% of fhe Q}l)pq;[c;n %F’%h% B%&ent invention have
20 resulted in new and much more efficient means for stacking chips on a printed circuit board in a

three dimensional array. These developments are described in detail in copending patent

applications owned by the applicant herein, they being: United States patent application for a

“Circuit Board Assembly Having A Three Dimensional Array of Integrated Circuit Packages”

serial number 09/285,354 filed April 4, 1999, and United States patent application for a

25 “Electronic Module Having a Three Dimensional Array of Carrier-Mounted Integrated Circuit
Packages” serial number 09/524,324 filed March 3, 2000. Both of these applications are

incorporated herein by reference and made part hereof as if set forth herein at length. The two

referenced applications describe a unique electronic module that in effect provides a platform that

is placed over a chip on a circuit board and connects to contact pads on the circuit board that the

30 platform shares with the chip underneath it. The second chip is then connected to the top of the

platform to achieve a stacked three-dimensional array as more fully described in the above
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is placed over a chip on a circuit board and connects to contact pads on
the circuit board that the 30 platformshares with the chip underneath it.
The secomoobioptoes t hen connected to the top of the pl atfrermsoporehi eve a
stacked three-di nensional array as nore fully described in the above -2 WO
02/ 074024 PCT/ USQ2/ 09203 referenced patent applicatjons. 2l A a 2| B of
Fig. 1 depleiarencepaint snphigations, 1A ap %Ws"f%fg' ! ﬁ%ﬂ%M&ﬁl}f%fa?wréaﬁ'g%@w}“wed and
clai med i ncfrhiGs LARHIANE clafhlif MeQto ABRe! réRich @ SpplAtorid € Rl & depits & Rhip _
carrier made Iin the formof a printed circuit board and 21B d%plcps a chip
carrier mackri¢rmagle imthedenn pba krjechejrcul bpipdand 2 1B depiass af ehip carripmmpdei in@ t he
advantagesnBLk3Q§kgh§ctronic chip carrying nodules described in the two
above nentlonedpcod%ﬁﬁing applications what is needed is a manufacturing
processsand apparatus which will automate and optim ze their installation.
Additionally, it_ should be a manufacturing pégcess and apganatua$ﬁhat can

be used in housdlFVe: BOFASTogRaxgRIza e advaptages obBeelertonis Ghir cermyiag madsSout ¢ he

need 10 USgedtited HthY iwo@BoRiméhtibitdcopeRding ﬁ)pﬂ@zﬂidﬁﬁﬁﬁawsﬁéeded RYMMRRCdrdngi S an
obj ect of the present invention to provide an efficient and cost efﬁectlve

15 manuf acpuréshgndapperass vemeh withautamales andneptimizei th¢ip nsaationeVeldisionallys & t hat
allow the glagci.ng chips. i.n a three, di nensi.opal .array. on rin clrcuit
poard. 1t Mot e atbPRurie Broott S riARS U n o vadp B 19 5 Blplterdr,
appar atips araliteird athnifacthre£ @ithdu@ the hkdd ta ast thé debvices bf £third paRtyoslsfaatekr.

sem conduct or manufacturing machi nes used in the assenbly of printed
circuit boards. 20 These and other objects are achieved by providing a
met hod for populating a circuit boakghwhkly a three di mensional array of
sem conductor chips with the following steps: a) verifying electrica
contacts on a plurality of chip carriers are properly aligned for an

assenbly process;. g% r.e ing a.chip.receivi Si .of sali qﬁ%g. arriers
to receive a Cf][?bs (ﬁ’b%gsés)t?{l/]% pgeosﬁ%dﬁ‘éﬂflgl} OC?rov{érgeaBaer |lcﬁ%nt§lncic§%tU| © ttl)oeard for

a chi p 18ssgallRctR@PRESss afl) apparatik Bl lizSRincHeotlsmtnts th@ altal the placifg dhigsst 25
| ayer of chips and passive conponents said chips and passjve conponents
bei ng posi i dies dimensipaplcariay op Aotringgdicirowt ksl e diig @ fpthen ebigstiaf thecPreseict ri cal

contact poj L Siontd pRORHe bh Qpéa'?aguss&idqix(&ﬁﬂdl%at%% bd &ilﬁe@%ﬁﬁ c@drt! nTeith% argayer of

chips so that said chip carriers make contact wmth pre-selecte
semiconductor manufacturing machines used in the assembly of printed circuit boards.

20 These and other objects are achieved by providing a method for populating a circuit board
with a three dimensional array of semiconductor chips with the following steps: a) verifying
electrical contacts on a plurality of chip carriers are properly aligned for an assembly process; b)
preparing a chip receiving side of said chip carriers to receive a chip and passive components; c)
preparing a circuit board for a chip assembly process; d) populating said circuit board with a first

25  layer of chips and passive components said chips and passive components being positioned to
make contact with preselected predetermined electrical contact points; €) positioning said chip
carriers over said first layer of chips so that said chip carriers make contact with pre-selected
electrical contact points on said circuit board; f) placing on each of said chip carriers a
semiconductor chip with passive components; and g) interconnecting in a permanent fashion

30 said chips, passive components and chip carriers to said circuit board.



el ectrical contact points on said circuit board; f) placing on each of said
chip carriers a sem conductor chip wth passive conponents; and Q)

i nt er connwotmogioen a permanent fashion 30 said chips, pagenisozoezpdnent s
and chip carriers to said circuit board. -3 WD 02/074024 PCT/ US02/ 09203 In
anot her aspect Iﬁan&tﬁeagpe&%m Biertion R fb\ﬂdé@ésyetem%p%mlm aRABH 1RhidREHA
circuit board wth a three dinensi ona array of sem conductor chi ps

conpri si nga thage dimphsional artay Qﬁfsemlhmduetarr¢lnr!§r09mpa$1tlacﬂmlerahw Céctuprcanmets boar d
beneat b of “BaekEd A sherber g ARCPigs B B i PR EL ot B AR, o
the chip cpdneatRbfdath &maamfaéwaraeaé@om&mge&hq:dmasmliaihnp&wrayto@ﬁemblyl ps on
the circuit board; b) a pallet for hol ding and novi rality, of chip

carrierds deredtmythieedinensiopal paay of chipsenihe cyrcb&t beasdi &) aleql.lét fswaeeg WA Hea
f I
matrix o @g%ngﬁog%hlgg ﬁ%agﬁ ikt %%%W e;;n';t%sscmeam%f Faviigla Rt PG at

| east at a each ¢ berng formed to hold a chip
carrier duclambersirea ﬁamcuketfobmamtd ﬂmmybqimmemaleasmatmm of therpialiets  bei ng
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t her eby makgp &diﬁerts 88ing bekRidatd fnhch Stithdchambérk Bf tha HSIRS Sithla @opf] Wkip ﬁ’@eﬁvh{g
circuit board assenbly process; and c) a nechanismto nove and paosition

the pal'? et sidtspf the chipearsiersfating qut fpethasiop efthe paliet toherghy make the Jopgideeh ths
carriers hglid byer ah%‘é‘snﬂéh-]krﬁ}g AR b ERA Ay @%?Jss%ﬁa ﬁgd ngeézﬁ{au idh 4hdvag the

assenbly process and easily accessed r enove romt t an
posi ti onedamdrpomhen thie palieit durbrgah«bsmﬂy prbne;;xsso;ﬂtasih'e pluraditly efichipchirigrsdldtbye 15

circuit board th chi osi tioned, .o ip carrier o thereb create
S i hree o Ml b SRR ok i S Ehip fufpicing Rl Pt nd L PR, 0t per
aspect of khevém&nme?md&nd bgt{d)rfe'@Snﬁthx?dﬂﬁi%ﬁBH&erfzmﬁsﬂb@l&bﬁdd@i}bd’tgoﬂﬂﬁ
securely but detachab ing a chip nodul e during a sem conduct or

fabri cati ofirgyitbeed swm%ms wpHtiesied gn each chiparriceto thesebytrseai mresimensivnrll es t he

pal | et hav% Qg matri x of chanbers, the chanbers being
open at a OE?C% dogéggg‘%ﬁ g’g%JSs. ng parallel sides of the pallet, the

chanbers having at a base adjacent to the opening on the second side of the

pallet a flange und, the ingside of .the chapber to all the chamber to
retain a chip Hﬂcfﬂﬁé‘"?ﬁ‘eraaﬁb‘?cbﬁ??Wﬁt‘%‘fei)t“l%’é PEOYIES 2p PRRAFALYS ﬁé PORUE anper

when the fidgblysid %etﬁ(f.hat)llyqnoﬂﬂﬁé £thip FtRBeWRrin®h sémiRbhdiktof Fabkithtion pestest al 25
with a two dinensional matrix of raised portions that match the matrix of
t he chawbeeampsfsingha a pallet for holding chip modules the pallet having a two dimensional matrix of
chambers, the chambers being open at a first and second opposing parallel sides of the pallet, the
chambers having at a base adjacent to the opening on the second side of the pallet a flange around
the inside of the chamber to allow the chamber to retain a chip module of approximately the same
dimensions as the chamber when the first side of the pallet faces up; b) a print fixture pedestal
25  with a two dimensional matrix of raised portions that match the matrix of the chambers of the
pallet such that the raised portions are sized such that the raised portions fit on a one for one basis
into the chambers of the pallet from the second side of the pallet; and c) wherein when the
chambers are filled with chip modules and a the print fixture pedestal is joined with the pallet at

the pallets second side the raised portions elevate chip modules located in the chambers to a work

30 position from which they can be worked on from the first side of the pallet.



pal | et such that the raised portions are sized such that the raised
portions fit on a one for one basis into the chanbers of the pallet from

t he secormogndatef the pallet; and c) wherein when the clramisozorne fill ed
with chip nodules and a the print fixture pedestal is joined with the
pallet at the pallets second side the raised portions elevate chip nodul es
| ocated in the chanbers to a work 30 position fromwhich they can be
worked on fromthe first side of the pallet. -4 WO 02/074024 PCT/ US02/ 09203
BRI EF DESCRI PTI ON OF THE i ' ' be better understood
by an exam nation of the W@&ﬁﬁgg@‘pxﬁ%jm%%her with the
acconpanyi ng drawi ngs, in which: Fig. | depicts two different versions of
the electronic chip carrying nodules; 10 Fig. 2 is a raised perspective

vi ew of 5t he pal Thetinveptian wid)|bg better andersiqod by an exaprinasion af thg follgwingodul es duri ng
t he manuf a | i i.on; Fig. 2Ais a cross
secti onal :‘\/élszéﬁvét@? t?%eg%gz’?‘f‘g’{e ag%g‘}@é’gige‘?}ﬁwﬁ%%ﬁ@?ong line I-1; 15 Fig. 3
is a raised perspective view of a print fixture pedestal of the present

! : in th Cili f hi ryi dul es; Fig.
SR 1. acr ot Sabth G TR i B B bR BRI 23 T 8

3 along line ll-I1; 20 Fig. 4 is a view of the bottomthe print fixture
pedestal of the present invention; Fig. 5is tog view of a stencil used in
t he manf act ur ifig 2pisoraised psrspedive Biewsd Hhe palieh thahkqldsrthe clertionig chig cpmyiag si de

vi ew of thﬁo@ﬁ%s'h@iﬁ%&gp&‘hhﬂ&uﬂ s &%ﬁnﬁés%t ih@hipd together for one of

the stages o nufact uri ng process e presént invention; Fig. 6A
is a cross sectional viewfromFig. 6 at 11l of one chanber of the pall et

wih a 3o ralsed portion Lnserfed LRerehn SUpRALik% fogliR Garrier: -5 O

15 Fig. 3 is a raised perspective view of a print fixture pedestal of the present invention

used in the stenciling step of the chip carrying modules;

Fig. 3A is a cross sectional view of the print fixture pedestal depicted in Fig. 3 along
line H-II;
20

Fig. 4 is a view of the bottom the print fixture pedestal of the present invention;

Fig. 5 is top view of a stencil used in the manufacturing process of the present
invention;
25
Fig. 6 is a side view of the pallet and print fixture pedestal joined together for one of

the stages of the manufacturing process of the present invention,

Fig. 6A is a cross sectional view from Fig. 6 at III of one chamber of the pallet with a

30 raised portion inserted therein supporting a chip carrier;



Fig. 7 is a viewof the stenciling step of the present invention; Fig. 8 is
a view of the circuit board assenbly step of the present invention; and 5
Fig. 9 iswe iod®yi ew of an oven used in the single refl owcprisozrse®odf the
present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EVMBODI MENT 10 The
method of the pigfALkokuaThRdlGlhe O drive PLERHMenhidivent i on uses a three
step fabricatioh process that auton&ies the surface nmounting on a printed
circuit board of the chip carriers simlar to those depicted as 21 A and

21 Bin Fig. | anqg.as described.jn the above t copendi ng appl i cations

r ef er enced aboJﬁggﬂﬁ?vﬁSV’ﬂﬁngﬁ aﬁ%@%“ﬁ é%?ﬁ%@&ﬁ@ﬁgﬁgPEPﬂ”b r ef er ence.
15 The first step involves the stenciling (the depositing of sol der paste)
on a large nunber of chip carriers 21 at one tinme. The second step

i nvol ves novi ncFigt9ds & pifpVview of areeven pgpd amthy sisglsgrflowsrragsss of iegresenthey are
placed on fhe&rcuit board over the chips and passive devices that have
been pl aced élrectly onto the circuit board. Chips together with
appropri ate passive devices are then placed on the chip carriers. In the
third and final stage the circuit board with conponents 20 attached is
passed through a single reflow process to conpl ete permanent

i nterconnecti on WDETAISED OBESCRIPTION ORTHE PREFERREDENBODIMENE board and
chip carriers. The preferred enbodi nent of the present invention uses two

new deVW ces to aid in the novenment and stenciling of a | arge nunber of

chip carriers Zﬂﬁgﬁﬁhc@ SFthe ﬂé’fén@@ ehﬂ@diﬁxgxg}Hfglt?é firg.&n?&vB{tBH %§e§ a ffeeGRHP

carriers 21 ar y a chip carrier as depicted 1n Fig. 2. The
preferred fahbatibmprtessthapaitdmdtesABe ausfackapountiaglomapriated citcalt bodrd bf fheghipour

chanmbers 25 each one of whi.ch haql ds ip..carrier 21. In Fi 2 only
chanbers 28Aersamilarig Bosedepicied "’é?ﬁ‘g aei?f‘? Eﬁ@g'gl"’.md apdetibgd 1p H’g%ﬂ‘éﬁ’ﬁﬁ’&r s 25
in pallet gperdifyHPRdatidis réfbRnded BoodSathaek aRedY 8En 2Brpofatet RereiR 8Y fefdrencd he
size of each of the chip carriers are approxinmately the same size as each

chanbers 25 Tip fiphsterinvalgessie signeiling Kl depesétpgiobsldsr past) on @ brgreumber)febipi ons or
whon . chi et £ OB IR schna SOV Rl leShin el BIAB SET 17 6
WO 02/ 0740RHerP ey bis(R4008 20 thelrirywinbbatdevec tha rehips amhphssiesdeviens thinchavopeesur f ace
23A of t heplg&aldldﬁ'gctl?l%ngetggcqs:}xiq g(ga%j. Mps%gg%theg 31%1 appropriate passive devices are then
placed on the chip carriers. In the third and final stage the circuit board with components
20  attached is passed through a single reflow process to complete permanent interconnection with

solder of the various components on the board and chip carriers.

The preferred embodiment of the present invention uses two new devices to aid in the
movement and stenciling of a large number of chip carriers at one time. During the fabrication
25  process the chip carriers 21 are held by a chip carrier pallet 23 as depicted in Fig. 2. The
preferred embodiment of pallet 23 as depicted has a total of fifty-four chambers 25 each one of
which holds a chip carrier 21. In Fig. 2 only chambers 25A, 25B and 25C have chip carriers 21.
Each of the chambers 25 in pallet 23 are open at the top 23A and bottom 23B of the pallet. The
size of each of the chip carriers are approximately the same size as each chamber 25 in pallet 23
30 with the exception of four corner projections or flanges 22 on chip carriers 21. Each chip carrier

is thus sized such that when a chip carrier is positioned in a chamber 25 the flanges 22 project
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and 25C in Fig. 2. Thus, each chip is prevented fromfalling through

chanber 25 when placed in the chanber. 5 Each chanber 25 in the preferred
enbodi mrerwohas74eur abut ments 27 around the top outside @edgasazotepi cted
in fig. 2. The abutnments 27 are designed to hold the chip carriers 21 and

protect t ht?elygn e &%n‘[) ere:{na ré’é’pglpthggwg s{lljfa%Q %jA 5?&9%]@%@&10?&? tecT EFZS%’ YsgeNt S 27

provide pro I on ecaus carr ositioned rn’a chanber
25 i s | ocaimd@5Cin Bigre qass edh plip lstpr@mthﬂmmfalltdgembm chdmben 25 whenrphacadiinng
abutments 27. The pallet 23 can be nmade of a variety of materials i O

i ncl udi ng e Fhastber- plastic, alumnumor any other suitable material. Fig. 2A
is a cross sectional viewof the pallet along line 1-1 that clearly shows
t he open tops 23A and bottons 23B of chanbers 25. The abutnents 27 protect
the topsof eactBachilpmbar 23 wrtheprefemed aybedimert iy founthugnentptbarewnd tnfope t he

chip carriers hi p
carriers %S";freggeas é’%? egh%g?' ﬁ] ¢ aﬁf’? 5 ?Palr%%tslrgg%éggggf}}se%?fgf)%é?r%ggmgn t op
of the carproeet, thasanahiersbﬂxed @6ditidnbé tth akharilek 2Ty Tha eblpmbxite:t?sprcﬁdne ;betee;ttoac ked
and noved about w thout i turbjng the sold rﬁ:{)laSt on tgg chip

carriers. Bq@isg %E‘Bﬂﬁ?r?‘l"é HESH Rositip edt‘?\%chﬁfr‘ib?ft dnajecesed pesitign Igéﬂﬁvm ina

rai sed perﬁ@%tdf\fﬁe éﬁ%%dldg’ﬁbﬁin&nts@7 The pdfel f'j caﬁl'bértﬂéﬂgop@%ﬁ{ f maderfARS
series of raised block |iKe areas ﬂe block Iike areas 20 33 are in a

ni ne byY si tcluding dwablhalastwaalcrnelsmtomenmtm sjipblsimateriat. iig: 26fis e¢rasaseqtiondl5 of

|1 23. d
"nt 0" the bueY TP Rl REOCRMGED ante D oB8T R T A pAFRA el

fixture pegsbeak 281 Ths abamban2T mtedehamﬁoemhcmlpbaﬂd zbldnﬁkg the &bric®nhas a
top opening 35 that opens into the hol]low interi print fjxture
pedest al 3Procesgwhyle the chip eariegeare i thisthphsrs 2194 pé\"ettzi’reﬂﬁrt??ﬂ‘)ff}ief’f“ﬂ F¥T8Edest al

31. Sore 0} &rg'g o‘e@féd?(pﬁngl'a'ﬁglssoﬁér SRR iORpSHEDordsp B%Q%ercésrvﬁﬂ balesOai Ng 39
of the bottom [iate of the print fixture pedestal 31 Fig. 3Ais a

Cross sectb«bmmthe‘palmm czafl bpstadied driduevedatpetieshoat digtrbiigdhesoldengastelon tdp off  Fi g.
3. The hol Ihom‘%nt erior 36 can be seen in Fig. 3A. The bottom plate 41
secures t o"SOHBYYBF'E hol | ow shaft, not shown. The hollow portion of the
shaft opens into the hol | ow i nterior 36 of print fixture pedestal 31. Print

fixture pedestal 31 can be made of cast al um num or any, other of a nunber
of suitabl e matldesead nexepics jsihepriat fixture pulgeal 4 shovn in arajredpesmedive¥eYi t | i ke

a glove i nitnq"lé. ReTha E‘lktqg\xrgf)cdgéi 11§hs eretthised block like areas 33. The block like areas
20 33 are in a nine by six matrix that matches the nine by six matrix of chambers 25 of pallet 23.
The matrix of raised areas 33 are designed and sized to fit into the bottom of the corresponding
chamber 25 in the pallet 23. Print fixture pedestal 31 is hollow inside and each raised block area
33 has a top opening 35 that opens into the hollow interior of priht fixture pedestal 31. Fig. 4
provides a bottom view of the print fixture pedestal 31. Some of the top openings 35 can be seen
25  through circular opening 39 of the bottom plate 41 of the print fixture pedestal 31. Fig. 3Aisa
cross sectional view of print fixture pedestal 31 along line II-II of Fig. 3. The hollow interior 36
can be seen in Fig. 3A. The bottom plate 41 secures to a movable hollow shaft, not shown. The
hollow portion of the shaft opens into the hollow interior 36 of print fixture pedestal 31. Print
fixture pedestal 31 can be made of cast aluminum or any other of a number of suitable materials.

30

Print fixture pedestal 31 is designed to fit like a glove into the bottom of pallet 23 and
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WO 02/ 074024 PCT/ US02/ 09203 rai se and secure the chip carriers 21 in the
chanbers 25 of pallet 23. Wen print fixture pedestal 31 is joined with
pal | et 23wOFR®7408) , top openings 35 are flush agai nst the PoatitSowas2es t he
chip carriers located in chanbers 25 and a seal ed space 36 is created in

print fixture pedestal 31 to eate a slight. v to hold. chi rriers
D S g, e RTSRER erP pirders L HeSynfera 2 i RER PR PRl FsfEbBistid |

bel ow. Fi g31 BAoih&d @itk pAIRE2BEGE. 69 NoRbRABgs 3 &e Klush aphinkt tBe béitotls 0P AR chipanber
25 with a raised portion 33 Inserted therein supporting a chip carrier 21.
As can be SERSTs losiiedt Apmmbersd andgsraledimacs 16rs ar_eaﬁgwt Juig pedesial3 i gp
openi ng 35. s ngﬂg\aa'c{jlﬁﬂ tothgﬁl chfﬂltcﬁl?i@?s%? d@lgngath@s}?éngiliﬁgﬁxroikﬁﬁ erxls?v;lill b!a ngsfdsi&dS

provides a top view of a stenci|l 47 used I'n the stenc g proc St enci
47 is a5t emphaxe detaibleptbw. FigléPpasa troseeatien along liredl1 obFigefiodfone gantberds withiags. 1

and 2) of the, chi. rriers 21 when they. are positioned in the ch ers 25
o pal I ot D954 it B ok otPBEMnk 8 i PRSI AF 59 5 soeB S aF ot ur e
pedest al  3dositidaedVh kb chdathe SI5HARItEH 6P¥ning B S AiGshlagAinst the bR BILFOVIAP carfive 2 pal | et
23 when it is filled wwth chip carriers 21 and the matrix of rows of holes
49 on stencil 47 match up 15 with the contact pads 46 on top of the chip
carriers in each of the chanbers 25 of the pallet 23. Stencil 47 is
usually a made of a sheet of stainless steel or some other simlarly

sui t ablie mat er ifag S pidvelepa wpoiaved asstapoiti# hesad irothe stbreilpgesends. Stewehd47 BB uses

an aut omat ed enci] printer for, the stencili rocess, . depi-eted in
6 pal FPIasISr Bt ilsngh e saPiee 565 16 e T B AT e Fimeast Sedeot al
31 positi onRsh théyhes predibhediif th ShagBSisRb 6MRAleted ahd\Biparriers2® sle s&hrelyNeRiby as
not ed above when print fixture pedestal is joined to pallet 23 this raises

chi p car ri @ grintifiyigre ppdestal 3 loAs Wil hershowppelowsfsteapih i srdacod oy thepallet2323 .
Referring {. § O . ne WY ket bt

pedest al 30 e S & P GirertEEingek sihi of 08 bSO B pheils e, | 47
i s posilti owgldtHeyomtact pais@t op tapatf ehepbipi chiriersiimeach p Hthe eliantbewsi2t lof thh paliit 23.0f a

speci al bi:direction camner ot shown that is 25 inserted between the
SPenci| 475G a5 oR 0Ch e e s P F i O SRAr D OB B o
lines up the stencil and pallet by keying off of fiducials |ocated on the

stencil 47 and pallet 23. Once the machine assures correct alignnment,
print fixture ﬁB@@sqfqredsmb%memf the preseat igyention psgeen awonptadistengibrgintas fort owar ds

stencil 47 j ] 1 p . ni i . . LL 1 i l et 23,
abut up atémg%}%@hnsgtb gorf ](é:% gﬁgépl‘%%ﬁﬁﬁlgé@aﬁ%rf 3 kﬁzeréia‘ﬁéjeclﬁlﬁg%ﬁ%& %g\gﬁlgp ngﬁ%}géles e and
| ower tdhe padeesl 38 positidned endeAleatB@ is pusRiopead onfthswbrd@est dd p o ildol smotedabvaei sm 59

5 over e R0 LR 000l ShSnELd Ao A0S BB, b gpost £, L ouoh
cont act of chambers 25 of pallet 23. Referring next to Fig. 7 work nest 51with the joined print fixture
pedestal 31 and pallet 23 are positioned below the stencil 47. Stencil 47 is positioned by an
appropriate positioning apparatus with the aid of a special bi-directional camera not shown that is
25  inserted between the stencil 47 and pallet 23 in a process well known in the art. The camera lines
up the stencil and pallet by keying off of fiducials located on the stencil 47 and pallet 23. Once
the machine assures correct alignment, print fixture pedestal 31 and pallet 23 are raised by work
nest 51 towards stencil 47 until the tops of the chip carriers 21, positioned in pallet 23, abut up
against stencil 27. Work nest 51 has pneumatic means to raise and lower the enter structure. At

30 this point solder deposition mechanism 59 is lowered onto the top of stencil 47 and the solder is.

deposited through the array of matrix holes 49 of the stencil. Matrix holes 49 expose the contact
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-8 WD 02/ 074024 PCT/ US02/ 09203 pads 46 of chip carriers 21 so that

mechani sm 59 can precisely deposit the solder on the contact pads. Once
conpl et edwomeohard sm 59 is raised fromstencil 47 and st erciTiUus4209283
retracted upward. Since the chip carriers are being securely held by the
vacuum cr eglieds Rick 136 that ARG 5O Larlrdclbty dbptsHitR DRESR R cofther@nd t he
bott om of gégch gﬁ@ﬁ?p Car r%?g}ats %@g?lgge %1“3’? c%%by nﬁé)trﬁeh?sg@ t?}‘e ccﬁlﬁ%c
carriers 2fadsi [Oncé naolpleted, emdchanisn 52 ks taged fremssteit 47 add sppadil 41 isABtracted
retracted or | red ce t.he stencilin cess has been. c | et.ed pall et
031 5 af seltaBasrFoe S rerine o rae seiBRI IR i RET PR SS, P
stenci | ed B 1B oTPFihi fidhSre pededtal 3MaNEitle Botiom dflR&hvE Wip SdrAgte21 (sbeFig. GlA) fotiet boar d
assenbly process as'deficted in Fig. 8. 1n the preferred enbodi ment of the

circui t30 oohe dhipepsrigrn? hwirieadsertently stick fathe stermildl palish 2bisapteaciederipweredo | s
used. During the assenbly process a gantry 61 with various pick and pl ace
nozzles 63 first places sem conductor conputer chips 73 onto circuit board
65 toget her wi tOncedrisenslinggssiesshasipen congpletddyallett23 pdisengagedfron8prant xtuteei ng

taken fromtra 7 or. alterpatively ape in _a.manner standard to_the
ndust ry. a1 gad epaei 2§ Ml sfendied ohip e o S B e BF BN Soee s o
com ng fr ogmdubbard 8fdethBly Brod®ss Redepried ML B. URthd PrefdRd bMBtEMEM of (RBEiEcuR I CUi t
board 65 is populated wwth the first |ayer of chips and passive devices

gantry 61 basschassapfily grosesa@signdard Bick ppdPleer pachine 60 dy used.1 Duting the esseiRlgs fr om
allet 23. L on. | ol i 21 on

O roui t - bolVarose RV Sih oot pBk BFRERhosdles B bochlick S EnSAbBERLI S,

t oget her weHips Bpprtogrduatbearp &S sogethedeith eaus pasgive @evibepi TheschipsroFigi dare of a

conpl eted circujt board with first |ayer of chips 73, passive devices
P eni o e ken 0o 7 o Bl R peoecis aoninger Spoaro SRRy (RGhcog 70

on the chi G ddvRES i.8 FesidhME, IcAthckdIE etcPArd 6SAME FroRrOI%9Sin & Afakine? BthiiardBi P
carrier and passive device placed on circuit board 65, is nonentarily

pr esent’s t othe indpstey. @ncg Ficyit b@yd §8 popyiatrdatithdhe firidgyendf chipaand pgesivcdeycashat
appear on _thein sur ctiv rest -l third
and final & 6|l stﬁ%] ése%ﬁlg Ip&%er'g%t g\svth% rcgh)ecs?lg%&s u2r1| ﬁgp%kgiﬁ{)ﬂ}qg?trzz?uﬁ%%goar d 65
with conpangidtionaf placded: ¢fallpdgeehipichiion@h oakirQicbvai 6 5titbegme phacieg they
attach the conponents to the bhoard by nelting the solder previous|ly placed
on the boafPsRdhcshinragisrysdogsthepyifh PREBEESive B b8 %%Pasiar?gft en 87.
Use of a sjmlompleld ehiPBRREGSWRY fisCiaydr BEMips 73! f88wd dRQickS, Bllip Sd#idr 2100ar d
and conponents attached to it since circuit board 65 has all of the
conponeht sand| aecedd dayei of chips 77 and passive devices 79 on the chip carriers 21. During the '
placement process each chip, chip carrier and passive device placed on circuit board 65 is
momentarily present to camera 81 (Fig. 8) for inspection. Any of these devices that appear on

their surface to be defective are then discarded.

25 The third and final step is a single reflow process during which the circuit board 65 with
components attached is passed through an oven 87 to permanently attach the components to the
board by melting the solder previously placed on the board and chip carriers. Fig. 9 depicts
board 65 entering oven 87. Use of a single reflow process avoids unduly stressing the circuit
board and components attached to it since circuit board 65 has all of the components placed on it

30 before going through oven 87. In the preferred embodiment a standard reflow oven is used. As

is well known in the art the single reflow oven causes the solder paste to melt and thus fuse the

9-



30 before going through oven 87. In the preferred enbodi nent a standard
refl ow oven is used. As is well known in the art the single reflow oven
causes t hwogeltmes paste to nelt and thus fuse the -9 WO O0PCOASB0249203
PCT/ US02/ 09203 vari ous conponents placed on the board to the board

carrior ot QUEH PR R Ed on DEDMLAL' ol onc APPSR Sifl €A BRET 11 P

advant agescaiipontrgs plaeed en t:ach mlmp lirriento fisse tothit chip carkibiavtheairhe tixhe. tOve of the

conmponents, chips, chip carriers Si onents pOSJtloned
in one steff awafqﬁsfﬁnﬁ' %"B’F?t@ﬂl‘ﬁt% 'a$ @i\iegt%?ﬁ HRORES, SL'Pﬁé 'B&AFESi s sent
t hrough anaMaskiveRoMBbients ibeShbidSted E&?&Ie@teb 6h the BQntEJ]@lrcﬁQ BRRA DS iPladehe
board and pernmanen to the board. This avoids the need to put the board
t hr oughs anthe\b@atdss samltzrp?ﬁl@n onemmto areltdlie soldappnste Holding élre compereatsohithelboardi n t he
art once t Y t f [ tan . concept s
of this i n‘}’\}giy te?@aﬁsntf ¥|ﬂ%\ﬁ‘89rg] ?h?a&o‘?«%%q{r{eg‘cﬂ{? pﬁ{}lﬁ%@oggi tbl.l%qgl{al e rg a {npglpﬁ:

avai | abl e fuahtser offires) Homehérnthssefskilled inahsireace then aveasdenddl tiis qrecfﬁcaitgine

refl ow process. 10 ile the inventi.on s been particularly shown and
descri bed WdURdsr fl@r\%ﬁw%% lww&?wﬂ%ﬁ%m aplany ARG PTcopmeginll be

under st OOda\BMat;l@f&Eﬁca%h nh&finds 'Porttlﬁl-?stéi%ntlmg R&dem¥ B/ dr Single r@RABE6Rsd. N form and
detail may be made to it wthout departing fromtheé spirit and scope of the
i nventiton. 15 WO 02/ 074024 PCT/ US02/ 09203 CLAIMS 1. A nethod forpopul ati ng
a circuit boar dwpn t ee, diensi | .anra ¢hi ps
conpri si ng t he eptslle Ol?venglon has been Rargcuq Hf Sho?’”écaé‘? \g?sr?n \afgﬁl??ferenceﬁo ALt y

of chip caprfeares emeodnmeﬁltuaedrhit mll aadnddaswﬁll biethoergrillee it the aiIthb)vanous
posi ti oni ngh said chip carriers over a first |ayer of chips positigned on
sai d boar dchaggssimiormand detailingy heapade @rl&WMéd%WP&EPmMW%P@%S@P@& the

el ectrical jcaniact points on said circuit board,

15
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5 c¢) placing on each of said chip carriers a sem conductor chip with
passi ve conponents; and d) interconnecting in a permanent fashion said
chi ps, pawei@7mesrponents and chip carriers to said circecu/usoasatos 20 2.
The method of claim 1l further conprising the steps of: a) verifying

el ectrical contacts on a plurality of chip carriers are properly aligned
for an assenbly process; 25 b) preparing a circuit board for a chip
assenbly process; and 30 c) popul ati @L.ASsISd circuit board with a first

| ayer of chips and passive conponents said chips and passive conponents
bei ng positioned to nmake contact with preselected predeterm ned el ectrical
cont act poi.nt s. A tethdt éor peiulieditig efiranitépand with a threedimepsiohad amaldifsénpipaldugorep of
hol di ng_sai d IuraLitﬁﬁﬁf chp -11 WD 02/ 074024 PCT/ US02/ 09203 carriers in
a chip 6ar?W@$mHQPPB¥ BP9 said chip carriers are positioned in a flat
matrix array with the chip receiving side of each of said plurality of
chip carriers are exposed at a top of said pallet so that during said
stenciling step said chip carrying side of each chip can be accessed and
so that during ®ai d pppeiing ashipreceiingsidsat mplotalipy of alkip pastiere toreesiveghigeanidng 5
sai d positioning Ste%mWQCmInﬁwHEthOd of claim3 wherein said step of

hol ding said chip carriersin achip carrier pallet includes providing a
mat ri x 1of chanbers open at the top side and bottom side of said pallet,
said pal | et ‘hawing & BlakGCLINGIRAHLR ol IBPRRS pldifntfliakiohicer [N @
-0 recessed posi'tio en e CWIp carriers are p05|tFone3 In a chanbers.
5. The net hod of cl &b thatkaidebipwdiries nidke cataepwh pseteated ripctind cpatsdtpoiotsi ng
said chip carriers during said stenciling process with a print fixture
pedestal having a nﬁ?ﬁ?%“%?%}ogpray of protrusions, each protrusion being
positioned and sized to fit into the bottomof a

15 c) placing on each of said chip carriers a semiconductor chip with passive

components; and

d) interconnecting in a permanent fashion said chips, passive components and chip

carriers to said circuit board.

20
2. The method of claim 1 further comprising the steps of:
a) verifying electrical contacts on a plurality of chip carriers are properly aligned for an
assembly process;
25
b) preparing a circuit board for a chip assembly process; and
) populating said circuit board with a first layer of chips and passive components
said chips and passive components being positioned to make contact with
30 preselected predetermined electrical contact points.

3. The method of claim | including the additional step of holding said plurality of chip

-11-



- 5 chanber in said pallet and engage securely but detachably the bottom
side of a chip carrier in said chanber and thereby lift said chip carrier
above saiwoprot#eti ve barrier during said stenciling pro®esdiSoasrm e said
chip carrier will disengage fromsaid stenciling process when conpl eted

ip carrier vill disenga ted
of claims wher arhroniar B Bl BRESRARIEIL b bore® el ROl 0

prot rusi on secuariaggvithaliedhipotdeomngsidéef ech stsad phinaljyy cfvhip carriebyaresexpased atm

created by an aperture at the tap of said protrusion surface which. abuts
CGanet the bott Bipireafi s iRyt S inEie SHhb tatthe Hichret i

popul ating a cidafYiccEiSalard ¥ thit daridd¥aRPosliisHRRbSkepRAN cAplcadybeRbrisRAUGRRpAUCT OF
chips conprising: 30 a) a plurality of chip carriers attachable to a
circui tSboard wiatdposibawiag steir a chip to be positioned directly on said
circuit board beneath each chip carrier as well as for positioning a chip

on top of said chip carrier to thereby create a three dinensional array of
chips on s&id cThedngthodnfglaim 3 ayhgreimsaid gsps bolding said phiy casdiers impdinp casrigy) 5
pal l et for hol di . i ?S“a“" : i I (0 y a
circuit Dboar d%gggéﬁ‘qb‘?dfgg%@% S, %&?g%hgﬂ)éer%lo%\??%gPoa‘)%?gta??)rzé%o?#%ﬁgﬁrber s in
a frame |ike fsidnpahet kaid Ipellat havibg r prdietimg bapenthatt prbtects theathipacarogy isiade of
said pallet, each hanber being,formed to hold chip . carrier during the
Sircul 17 boar d AESERAPYT O WEB e thipgerier A pettopsEing CBETHSE: posi i oned i n
each of said chanbers of the pallet wth a top, chip receiving side, of
said chip carrigr facin ut fr the top.of said allet t her eby make
251 d top shde ofregnftipdieitiaieREirelE A Sruti e aSynde i chbe oy o
assenbly procesduring0did thiiilfig prRBls With@lpaintfixturt pédeB@rhaving b udtrdgdike aphpéfect i ve

barrier to protect said chip carriers fromunintended alteration during
sai d assenbly preEsigs, achrpotysien SpipgPogitionediand weed: (o) fit into the bottom of a

15 chamber in said pallet and engage securely but detachably the bottom side of a chip
carrier in said chamber and thereby lift said chip carrier above said protective barrier
during said stenciling process, assure said chip carrier will disengage from said stenciling

process when completed and return said chip carriers to said recessed position.

20 6. The method of claim 5 wherein said step of securing said chip carrier comprises said
protrusion securing said bottom side of said chip carrier by a vacuum created by an
aperture at the top of said protrusion surface which abuts against the bottom side of said

chip carrier.

25 7. A system for populating a circuit board with a three dimensional array of semiconductor

chips comprising:

a) a plurality of chip carriers attachable to a circuit board with space for a chip to be
positioned directly on said circuit board beneath each chip carrier as well as for
30 positioning a chip on top of said chip carrier to thereby create a three dimensional

array of chips on said circuit board; and
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15 a) said chanbers of said pallet are also open at a bottom side of said
pall et and said protective barrier conprises a plurality of abutnents
around t hwoauatoziode top periphery of each of said chanber CcTaE02i02203 p
carriers having retaining flanges to allowthemto rest in a chanber on
said pallet and,not fa h | t ed such
t hat when a chq)B caf®i het f?rgll nlg%an%g'go\;{?l ald ﬁ{? sltyé)g @BQS‘” F%%\/L ﬁ&ttop of
sai d abut nents and lbsartlb@érﬁblypmcedsmidq;dlléx}ia\a@g dm&hubﬁmahmrsixfa)ﬁame like

uni ntentional alter sai d st em further corrglrl sing a

tion;
print fixture pedest{%1 '(‘/al‘r?gChémPﬁif peige prepeat f’tﬁ/a tog sifle,plssaif pRllEb £8hs with
the matrix array of cﬁﬁhb%?gell?é)fohhémt% He R Mlﬂ)&ﬁﬁe}HWb@a%ultfbgirH%%e§lﬁgfh that
each rai sed portion corresponds to a chanber of said so that
said print fixture pmessxsalld chip cwsnsmlog\mlt@n@ibn e@apﬂsamhmeberwftthﬁ m!alctd
rai sed portions facin l.et cher d i t bottom
opening of an adj acetﬁt %an%aecewmggge ofsn% c%écarpgxrt%aé ou&frogﬂf)eq S%féslglt%l on
bei ng I ess than thepaliensd thereby makiiaid Bpckleof saditkip chraiptxetessibletdusihg ehet Op
surface of said raised portion _can positioned up against the bottom
surface of a chip cﬁF‘F"i“é’Pa‘i PSELOY RIYfEHoer and securely but detachably hol d
said chip carrier during a circuit board assenbly -13 WO 02/ 074024

PCT/ US02/ 09203 pr ocess Q. Y ugm of cl al 9 .wherein s% rai s

portiodd e%ch hdf&YHsHn %‘i‘?'ﬂ‘dr her e “’LgGFPf"‘%‘i“&“e RS AhPalstsaidg 'Qu"ﬁ'?tefst he
bottom si de of @yt hhiRkesrRE hit@htidARIHES QRPHsdniblpibdsghamber 5 so that a vacuum
can be created between said raised portion and said chip carrier to
securely but detachably hold said chip carrier during said stenciling
process. 14. Thmesysdn®or Mimd whei@ Wherein said print fixture pedestal
during said circuit board 10 assenbly process is attached to a noving and
posi tioning mechanismduring said circuit board assenbly process so that it
can be positi OILZ?SUSQEEha%EQ oP&ld Bt 44150 gapat%s& n‘?gl&eéfg?ldﬁzﬁfé%rﬁ!s)ﬁdhm.d

sai d Chlp carr urrng said stenC| roper position said
chip protective barrier comprises a plurahty of abutments around the outside top

periphery of each of said chambers, said chip carriers having retaining flanges to
allow them to rest in a chamber on said pallet and not fall through and said
abutments being positioned such that when a chip carrier is in said chamber its
20 top is below the top of said abutments and is thereby protected by said abutments

from unintentional alteration; and

b) said system further comprising a print fixture pedestal having a matrix like array

of raised portions with the matrix array of raised portions being positioned and

25 formed such that each raised portion corresponds to a chamber of said pallet so
that when said print fixture pedestal is positioned under said pallet with said

raised portions facing said pallet each raised portion fits into the bottom opening

of an adjacent chamber, a circumference of said raised portion being less than the

inside circumference of said chamber so that a top surface of said raised portion

30 can positioned up against the bottom surface of a chip carrier in said chamber and

securely but detachably hold said chip carrier during a circuit board assembly
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carriers during said stenciling step and assure that said chip carriers

di sengage at the conpletion of said stenciling step. 15 12. The system of
cl aim 7 fwotoher4oecl udi ng a mechani smto nove and positi orCsaisd2/pabi et
during said assenbly process so that said plurality of chip carriers held
by said pallet can he.frepared to receive a chip during said assenbly
process and easily gcceséed, renoved 20 fromsaid pallet and positioned on
said circuit board over chips positioned directly on said circuit board
Wi th chi ps;pOSifHeQPgdn Qﬂlﬁﬁ%lﬁp&iﬁsa@@rﬂsb@?mﬁ&stes@rlﬁpé’alﬁ{p@@ﬁr@a@tsttw ee

di mensi onal array of chips on said circuit board. 13. An apparatus for

posi ti oni ng andidsedushalbyts bgrinstithe hottenbbige ¢fal cllipragrrier positipnedbubshid chlamleng a 25
sem conductor fabrication proces onpri Si. na; | | et, f.qr, hol di chip
rodul oo sai . paPit & RsyPR gL e et S Fisedo i B < Rl ¥ o
chanbers bei ng seqgrély 8it dtathabBthorNdidehpeadicopingisig spadilig @bcess. des of sai d
pall et, said chanbers having said chanbers being sized to accept and hold a
chip carrier 30 and said chanbers further conprising a protective barrier
to protect a chip carrier positioned within said chanber; a print fixture

pedestal with t [ I ) i I : said
P4 w0 021 brao 2 eRer B 3 PB 2 B sl ol GG ROl WIS ehd Bheiid B2
that sao d rai sedsepbiyprodess insttaclsd z@edmswisgaridipaditiorssg mechaiiseduringisdid cingiitf i t on
a one for one hasis in sai d chanbers of said pallet fro aid .second

21 doof “sai d paiREsehf ESiep Bar! Sih Brposoa-aFisEH Lol S TP SIS B chi p
nodul es and a s@hfelPhdlBbaid ¢hif AERrARMAS Said stenking SEARE pipbrly positish Arilchpt  at
said pallets second side said raised portions elevate chip nodul es |ocated
in sai d chamberosrriers duripgsiid signdikingotiepf and rssiFe thii seideohipcearrioedisppeaasdt 88 from
said first side of i I s 4. The apparatus of claim 13 wherein
sai d raised poﬁ??‘ﬁﬁg%gﬁﬁﬁékséB@%ueg at a top of each which leads into an
interiof space in said print fixture pedestal and when said print fixture

pedestal is joined to said pallet the top of said raised, portions are
posi t i oned!Zagai Thetsysem of claim 7 further including a mechanism to move and position said pallet

during said assembly process so that said plurality of chip carriers held by said pallet can
be prepared to receive a chip during said assembly process and easily accessed, removed
20 from said pallet and positioned on said circuit board over chibs positioned directly on
said circuit board with chips positioned on each chip carrier to thereby create a three

dimensional array of chips on said circuit board.

13.  Anapparatus for positioning and securely but detachably holding a chip module during a

25 semiconductor fabrication process comprising:

a pallet for holding chip modules said pallet having a two dimensional matrix of
chambers, said chambers being open at a first and second opposing parallel sides of said
pallet, said chambers having said chambers being sized to accept and hold a chip carrier
30 and said chambers further comprising a protective barrier to protect a chip carrier

positioned within said chamber;

a print fixture pedestal with a two dimensional matrix of raised portions that match said
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bottom of a chip nodule | ocated in each chanber and a vacuum can be created
between said top of said raised portion and said chip nodule bottomto

det achablwomabn7®ecurely 15 hol d said chip nodul e whil e it PC3/user/omgoswor ked
on, the vacuum being created by attaching a bottom portion of said print

fixture pedest ahatdiQ oPsaV@&HHHEr@FQ{dQﬁH&Qﬁ@HQ& s@d Bfdel P¥tHiond R Lizdd@tn @bt aches
at an opening at the bottomof said print fixture pedestal said opening

| eadi ng i nt o t reaidiraisesirmogions fibane anf fayanelbagisiinie sdid shambers pedulpal¢t froptsal5,  The
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appar at us of cl&rm en said chanbers of said pallet have chip

nodul es positioned in themand the print fixture pedestal is not joined to
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abut me NS 14, 15 The apparatus of claim 13 wherein said raised portions have an opening at a top of each

which leads into an interior space in said print fixture pedestal and when said print fixture
pedestal is joined to said pallet the top of said raised portions are positioned against a
bottom of a chip module located in each chamber and a vacuum can be created between
said top of said raised portion and said chip module bottom to detachably but securely
15 hold said chip module while it is being worked on, the vacuum being created by attaching
a bottom portion of said print fixture pedestal to a vacuum machine through a hollow
shaft that attaches at an opening at the bottom of said print fixture pedestal said opening

leading into the interior space of said print fixture pedestal.

20 15.  The apparatus of claim 13 wherein said chip module is a chip carrier.

16.  The apparatus of claim 13 wherein when said chambers of said pallet have chip modules
positioned in them and the print fixture pedestal is not joined to said pallet the top of the
modules are completely concealed in said chamber below a top surface of said first side

25 of said pallet and when said print fixture pedestal is joined to said pallet to thereby raise
the modules the top of each module projects above the top surface of the first side of

said pallet.

17.  The sysiem of claim 13 wherein said protective barrier is a series of raised abutments
30 located around the top outside edge of said chamber and said chip carriers having
retaining flanges to allow said chip carriers to rest in the chamber below the height of

the abutments.
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