31 AUGUST 2005 A Met hod and Apparatus for Fabricating a Circuit Board with
a Three Dinensional Surface Mounted Array of Sem conductor Chips 5 RELATED
APPLI CATI ONS The present application clains priority under 3 5 USC 119(e)
fromUnited States provisional application serial nunber 601275, 843, filed

March 14, 2001 and entitled "A Method and Apparatus for FEagbrj I
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15 particularly to a method and system for fabricating semiconductor chips in a three-dimensional

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
computer industry has been towards more densely packed printed circuit boards. Among the

25  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
circuit board through holes in the printed circuit board to one that used a surface mounting

30 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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i nterconnect lines running between the |layers of the board. In turn this
has allowed for the increase in the density of chips on a printed circuit
board which not only decreases the size of the board but increases the
operating speed of the conputer by reducing the distance signals have to

travel between chips on the board. 5 The nobve to surface u B$P ay
has consequently resulted in the practice of positioni ngr%]hﬂhgu psagdr)lfpt he

printed circuit bhoard in a variety of configurations tg.iRnc '

densi ty BremEcE; ey rpnRs P VARRY ¢ %‘8}’%539?8?8‘?%‘5 -e?’i ﬁ%“ @?’%th%’gng@&g%{%g}ﬁe t he
chi ps to,5peed, i degaﬁf cﬁ'tch%_@ ofth philRd eN&liEhdar S WRicE Wbt SEV@scaddsys the Siny effithé onal
configurations stack t'he chips gn one 10 another to increase density. The
pract i cebdakd bitasdteasgs thbepeahiipsspead ofthe eroputerbyiredyséing the distantesigeaislpavait e to
menory chi ps. given the redundancies in their circuits. Up until the
present,U$W1@ﬁ&@@ldﬂﬁ$0@H@IEﬁFbs to be stacked on one another to increase
chip:gensity and achieve a three- dinensional array on the circuit board,
conput er makers had to send the chips to a third party nanufacturer that
speci al i zed i Thd vt a6 Roifapeemotfintpectimaiopytiay dooseduerglyciesyeedi in the prastike of
fashion. 15 Stacking the chips generally consisted of.soldering them. .
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present invention have 20 resulted in new/agg Hych nmore efficient, means
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D210 e BRSPS iRecc 10
Recent developments, in particular those of the applicant of the present invention have

20 resulted in new and much more efficient means for stacking chips on a printed circuit board ina
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

15 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

2-




30 platformshares with the chip underneath it. The second chip is then
connected to the top of the -2 31 AUGUST 2005 platformto achieve a stacked
t hree-di nensional array as nore fully described in the above referenced
patent applications. 21 A and 21 B of Fig. 1 depict two different
variations of the chip carriers described and clainmed in {h Iﬁ§5§
referenced applications. 21A depicts a chip carrier nade ?%gthe rg?ﬁygf

printed circuit board and 21B depj.cts.a chip carrier e . . |.ded
packagi ngjatfersnte achievera slaghsd these ’%‘Fﬁ%‘%‘@ﬁ:taﬂjéy A8t g\j@; g%sfnp%cgmeﬁlgg% P géﬁi c
chip carryin | es .descri ' : j a6 ORESTEhd hi
app|iCaﬂ?ﬁﬁ%ﬂﬁﬁ§5%W§@R%%§§§5i%ﬁgmﬁgﬂﬁggg%%?fﬁ Qyﬁ?gggggﬁgﬁglapparatus_%hich
wil | aut g daadibe@bhdickemédai the itws taabvatefaenceddpplidationd. | 1A depit@ asthapil d
be a nanufacturing‘grocess and apparatus that, can . be used.in house bY a
conput er cagrier whdecin the Korar af AmpnediigHE Pogidk A A 1R Aepists @ Fhiyciuer Pade tn a
servigces O&-ﬁ %&&Jqlparty manuf acturer. SUVMARY 15 It is an object of the
pr esent PRVE Plong%§'provide an efficient and cost effective manufacturing

process and apparatus that utilize new devel opnments that all ow the placing

chips in a three dinensional array on_a print circuit hoard.. It is a
further obj ect Howetaidngrdes shmaxinggeihe P@W%eb?fggF glecueniaeyR frYiee B194Uet hod

that can,be .uti.li ' oS E0, gﬁﬁgg&g& RRUfagtkus T Ng
nachinesdﬁﬁgﬁxbﬁﬂ%ﬁgmggégﬁég§&%@3ﬁ&?ﬁ?g%%%?@%ﬂ?t béﬁr s. 20 %heseaénd %ther
obj ects gloResaCintieippaatilt WHioN ivdil ngtoanae bhd dpfimizepbpiu ietdlhgoa  cidditinallpoiar d
with a three di nensional array of sem conductor Chiﬁfpﬁﬁthe he foll ow ng

stepd? ayhopld be gingulasiusiogmressss hinparausoRataLap| hgrie B ORiPE ORI &F s
are Properl ¥ Bl PG Al Ui @R3aAR hied b A5 iR scRlces BY £RA n,gagtgam&mf&mrer.
of Sai d chip c ip a a

receivin8r5| e carriers to receive a c ssive
conponents; c) 25 preparing a circuit board for a chip assenbly process; d)
popul ating said circuit board with a first [|ayer of chips and passive
conmponents said chips and passive cOHPOMARYE being positioned to make
contact with preselected predeterm ned el ectrical contact points; e)
positioning said chip carriers over said first layer of chips so that said
chipigarri er stk ebjtiaet th ples@itensaitieat@dprovide an efficient and cost effective

manufacturing process and apparatus that utilize new developments that allow the placing chips
in a three dimensional array on a printed circuit board. It is a further object of the present
invention to provide an apparatus and method that can be utilized with current methods and
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) venfying
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)
25  preparing a circuit board for a chip assembly process; d) populating said circuit board with a first
layer of chips and passive components said chips and passive components being positioned to
make contact with preselected predetermined electrical contact points; e) positioning said chip
carriers over said first layer of chips so that said chip carriers make contact with pre-sclected
electrical contact points on said circuit boafd; f) placing on each of said chip carriers a

30  semiconductor chip with passive components; and g) interconnecting in a permanent fashion
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el ectrical contact points on said circuit board; f) placing on each of said
chip carriers a 30 sem conductor chip with passive conponents; and Q)

i nterconnecting in a pernmanent fashion -3 31 AUGUST 2005 said chi ps,
passi ve conponents and chip carriers to said circuit board. In another
aspect of the invention it provides a systemfor popul ati [Ijé';flb 0f}poard
with a three dinensional array of sem conductor chips cog%r ?

pl urallty of chip carriers 5 at‘% chable to a CIrc%J t (goard W|th space for a
chip to i JBRS PREREFOTINOBENE JILTIIP FATIETS R S CBEY boar reneat h of each chip
carrier as well as for positioning a chip on top of the chip carrier to
thereby create a three dinensional array of chips on the circuit board; b)
a pallet for Ihahdihegaspad oﬁmeumgentmpbwvaadeusayymm&npppulahmg @mscuchhomdgw
circuit board asserrbly process tge aIIet hawséé; f X2 hanbers in
a franme 4 theee disransipneltartay ol SRENABAUCIYEEIHES SIRpIISIfE: | @a%? ugglity, Of B%IPs‘iaHéer%f

the psa H Eacllfa 1€ 90(:&{1%%411%%%% Rk 919&1(:& %ﬂﬂ@ﬂj 1%)&) M&lt%ﬂ@@ HReQR I (BE cHL Bighrd hE

circuit DOard asse process, carriers being positioned in each
of t he Chaaix@of eesh chhﬁcalﬁ@érlaetweWa's forpositipning hichiproadep of thg chipicdrier tftheteby chi p

of the oHitpadure fieronaienesey PLckap g BRRIGTonED bh 2 BUGH 1P Re SR B Gss.
d
and c) a%gfaufaﬁﬁbf {H e(B Qetrgpﬁé%iu 19:@% Fﬁ’&ﬁf ﬁdapd-'astsg}ﬁblg%#c%%f fﬂérpaﬁ& Habﬁlgacﬁﬁﬁm? by

process al’i chip carrier by "15 the pallet can be
pr epar edcﬁamHe@C@Iavﬁarﬁe ik Prrauritinthetchembas éeink wpan atdem atamt;bpesaﬁ dythapakssed,

renmoved fromthe pallet and positioned . on the circujt bqard chip
posi 10 oneashghamberbyingfospsd toilplrd(ﬂﬁhﬂp HBHpTARRE We&ﬁcbggpﬂgiafqeﬂ'ﬁ’lﬁp@ﬁesééﬁﬁ
chip car H t I he
cireur  BUE Ao R B B U8 ot CTUEECIRRRSY M2 pal i Rl el RSecnt 20
appar at usidé, o tiRogiip tafien@ciap dut femuhielop ditie hiitatohhdrbly hekedtha gopasidhofthe

nodul e during a sem conductor fabri catlon pr cess ﬁ@gp |s| ng % a pallet
for hol dehip caticpageserible unpaths sirwt %@ﬁﬁﬁ@m& % RRECE S ARAS) 8 MRAchapieTh i mope

oo pand P B B RS Rny Boblk3) 1B o386 rago@em RhfitPRIAL! ©

si des of nbers acent to t e openi ng

on the Sﬁﬁ%ﬁeﬁédﬂ%e%re% €d fradeb€ive achipadllgﬁlg&heuﬁdmﬂfy prbeess asd elmlgfaccmed
chanber to allow the chanber to retain a chjp nodule of a t he

(0),
sane di rased Fompibe pallet apdpasarongs en thesacpt P%Etrd gY‘Héh’(’é’F’ POH Or&éﬂlﬂéfetﬁbf %{t@s up;
b) a priphefid 8davd Gifk& %ﬁﬁtp%lsmoned on each chip carrier to thereby create a three dimensional

array of chips on the circuit board.

20 In still another aspect of the invention it provides an apparatus for positioning and
securely but detachably holding a chip module during a semiconductor fabrication process
comprising: a) 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 {lange around

25 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
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 ¢) wherein when the

30 chambers are filled with chip modules and a the print fixture pedestal is joined with the pallet at
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with a two dinensional matrix of raised portions that match the matrix of
the chanbers of the pallet 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 fromthe second side of the pallet; and c) wherein when the 30
chanbers are filled with chip nodules and a the print fith’fﬁy‘&ﬁ‘j@FE 51S
joined with the pallet at -4 31 AUGUST 2005 the pallets second side the
rai sed portions el evate, chi.p nodul es, | ocated in. the anber.s t.0

bosi t1 onbe PlFbITER SHEYC EHir R R Rleag o BB BE Pt r Ap it
pal | et. « BT, TG DR fiaRidefad p03t.W | | be better
under st o@%t@@gﬂzﬁ% ﬂ#g?féoﬂ;beoﬁkhe f ol fﬁgtvlaéng descri pl%i on, together with
t he acconpanying drawi ngs, in which: Fig. 1 depicts two different versions
of the electronic chip i . i i rai sed perspective
view of the pallet that %ﬁﬁ%@%@ﬁgﬁ&gﬁcﬁwﬁﬁgsl ng nodul es during
t he r@nuf acturing process of the present invention; Fig. 2Ais a cross
secti'onal view of the pallet depicted in Fig. 2 along line I-I; 15 Fig. 3
is a raised pEhspecttionewill mvbetttr enderstorid Hyi act axamippgide of dic foflowlng pr esent
invention wused in the stbe ciling step,of ,the, ch% carrying nodul es; Fig.
3A is a gsgaRtialefgetih VI tRRGSP W“&é)ilrﬁt’m?gsxw E)lbedestal depicted in Fig.
3 along 20 line 11-11; Fig. 4 is a view of the bottomthe print fixture
pedestal of the present invention; Fig. 5is top view of a stencil used in
t he manuf act uFignt dppiotsews differtltereplices@ithe Q&ctionwanhip cmrying mod@es;s a si de
view of the pallet and print fixture pedestal joined together for one of
the st ages of the manufacturing process of the present invention; 30 Fig.

f§§| s @ Cr 0SSpRCSt [ OMalscd pahdcliOf fehlhe e et tat REIONR FRBORRTCHRY cabiYfng

modules during the manufacturing process of the present invention;
Fig. 2A is a cross sectional view of the pallet depicted in Fig. 2 along line [-1;
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

20 line H-II;
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

25  invention;

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;

30 Fig. 6A is a cross sectional view from Fig. 6 at Il of one chamber of the pallet with a
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-5 31 AUGUST 2005 raised portion inserted therein supporting a chip
carrier; Fig. 7 is a view of the stenciling step of the present invention;
5 Fig. 8is aviewof the circuit board assenbly step of the present
invention; and Fig. 9 is a side view of an oven used in the single reflow

process of the present invention. 10 DETAI LED DESCRI PTI RRED
EMBODI MENT The net hod of the preferred enbodi nent of the%‘ggﬁﬁ'E%i on
uses a trhr e‘g s]]%eg. fﬁb@ﬁ}%ati onpﬁr ocess.that. automates the surface nounting
on a priACSHPYHPE IFTHOHIEF IO PURPREINGA (P €PfEers similar to those depicted
as 21A and 21B in Fig. | and as described in the above two 15 copendi ng
applications referenced above that have al ready been incorporated herein by
reference. THeg. Tisrastiewtof thei stanollingStetphod tlsd grosrnt invgnt{doie depositing of

sol der paste) on a large nunber of chip carriers 21 at one tine. The
second step involves noving the chip carriers to an assenbly stage where

they sare Pl ageg P L NEwal e feu 83 OUEIblf HEy S1HED:ANM ifARTbHEuIoY! ces

that have been  placed directly onto t S together with
appropri ate passive devices are then 20 placed on the chip carriers. In the
third and final stage,the circuit board wth conponents attached is passed
t hrough a si %gef e IpY oL ar gvengised ipthesiglscieHanarecesheldhe arseit i on wit h
sol der qfvddpgnpvari ous conponents on the board and chip carriers. The
preferred enbodi nent of the present invention uses two new devices to aid
in the 25 novenent and stenciling of a | arge nunber of chip carriers at

one tine. Durin f i i roce the chip carriers 21 are held by a
chi plcarrier paﬁ?ﬁ]@ﬁbbggglﬁ%ﬁ%fﬁepR?FEﬁ#D EMBAPIMENInbhodi ment  of
pall et 23 as depicted has a total of fifty-four chanbers 25 each one of
which holds a chip carrier 21. In Fig. 2 only chanbers 25A, 25B and 25C
have chip carTticemsthad of tkaptefafedt diebeivasitesfsthd présentpiabéion2Bca hehfpafepat

the top 23A and bottom 23B of the pallet. The 30 size of each of the chip
carri er dARIEUGH BFUSIHRIANORHES U tRriageBoREing aorn piaebeircwsbdard pliheship23 - 6

31 AUGURT&P08milar to those depicted as 21A and 21B in Fig. 1 and as described in the above two
15 copending applications referenced above that have already been incorporated herein by reference.

The first step involves the stenciling (the depositing of solder paste) on a large number of chip

carriers 21 at one time. The second step involves moving the chip carriers to an assembly stage

where they are placed on the circuit board over the chips and passive devices that have been

placed directly onto the circuit board. Chips together with appropriate passive devices are then

20 placed on the chip carriers. In the third and final stage the circuit board with components
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

25 movement and stenciling of a large number of chip carriers at one time. During the fabrication
process the chip carriers 21 are held by a chip carrier pallet 23 as depictéd 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

30 size of each of the chip carriers are approximately the same size as each chamber 25 in pallet 23
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wi th 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 chanber 25 the flanges 22 project beyond the chanber
and rest on the top surface 23A of the pallet as denonstrated by 25A, 25B

and 25C in Fig. 2. Thus, each chip is prevented fromfalli
chanber 25 when placed in 5 the chanber. Each chanber 25 '?ﬁ%%ﬁ%?gp%srred

mbodi t has f t ts 27, ar d.th tside ed depi ct ed
R Y o v b e R R R R
Protect { i Clld e aPlhel i eRipRARId: ORRMidudd & & BRIFRRY 28 fhe liigeabubipRLs 27

provi de protection 0 because a chip carrier 21 when positioned in a
chanber B&ohs theahainder dml rastioacksoedurias 23A00f thepallet ag demarnspatefl by BEA, 25B

surroundi ng abutnments_27. The pallet 23 _can he nmade .of a.varie fo..

mat eri al 81 35ecinag g T ABHEHE Rersentcd fam ialfvedho W%{I}?&?ﬁésww%@?%“‘ n
materg al the':chgrn 4A is a cross sectional viewof the pallet along line I-1
that clearly shows the open tops 23A and bottonms 23B of chanbers 25. The
abut ments 27 protect the top of each chip carrier 21 during the fabrication

15 process while the chip . carriers are in the chanbers 25 o all et 23. The
tops of the chigh @almheéﬂg mﬂf%’?@"ﬁ@@f@@ﬁ@ﬁ“&@% agytmentsso| 8]"“%3’§tt8pi s

deposi ted .o fi.1ne ¢ Prelas | ' WnlchgieRal g8 S
can be sglgg]kggggenag dﬁ%l\gggqrgﬁ%uztg Tv%etg L(l)ﬁtlj4teH izg%%g%b?ﬁgwgg@ggr P pastee on top
of the phidqet thelchipdarier? @hdihposit@mod th achantber2 T elHesbtiingengs A7niro ¥idx proteetion
pedestal 31 shown in _a raised perspective vi .in Flg. 3. The print
fixtite pegesraghimaarigs’ lsdngesigpnedinagga Pfa?gwr %R@e%'%éé%ceé??. perﬁ@o%?%w

li ke are I N i rd t ' j

mat 1 x. of e B SuyBuliRy AfpRind'25. T galter Man TR FARS G B GBS
desi gnedirghdirg dagable @lakiid, alumiiguinhe ahpbihemuihblemeatetal r BppdAds mgroscieatibverl 25
in the pallet 23. Print fixture pedestal 31 is hollow inside and each

rai sed brvisekohthepalist algng dige 4-lithy deaslyi fhgwsshe paen spedsA mbLeHENHSIB &F
interior I fh Xt i i I f
the printlp SRR TaBhG AR FAiBlectthe i S ool BEULRE 21 JuRAL RTIMIGNOR
t hr ough gidcesslvatileapechipgarBi8rsaire infthe tieinibers 31 aftpal 4D 30fThe lpsoif thetchip odrtiere
pedestal 31. Fig. 3Ais a cross sectional view of print fixt edest al

ure p
31 al ong2l piserpiEcted sethatafier solderpasteris derprtishemiop &t ﬂ@eﬁﬂﬂtﬂéﬁwﬁéﬂééﬁsm‘ et g.

30" hol | ooty B RbTeef b SEEK i o R IR U AR eI PPl G Ot
fixture peddssarigd. Print

20 The second new device is the print fixture pedestal 31 shown in a raised perspective view
in Iig. 3. The print fixture pedestal 31 has series of raised block like areas 33. The block like areas
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
25 33 has a top opening 35 that opens into the hollow interior of print fixture pedestal 31. Fig. 4
provides a bottom view of the print fixture pedestal 31. Some of the top openings 35 can be seen
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

30 hollow portion of the shaft opens into the hollow interior 36 of print fixture pedestal 31. Print
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-7 31 AUGUST 2005 fixture pedestal 31 can be nade of cast al um num or any
ot her of a nunber of suitable materials. Print fixture pedestal 31 is
designed to fit like a glove into the bottomof pallet 23 and raise and
secure the chip carriers 21 in the chanbers 25 of pallet 23. Wen print

fixture pedestal s 31 is joined with pallet 23 (Fig. 6), top ni ngs 35
are flush against the bottons of the chip carriers Iocaté*ﬁﬁ%ﬁﬁé{ﬁg@% 25

d ' ted i int fixt destal_ 31 t eat
A i R S R S R S R e

will be explained in nore detail below Fig. 6Ais a cross section along
line I'll of Fig. 6 of one chanber 25 with a raised portion 33 inserted
t her ei n suppdiinitdgsture phdgstad 3t iy dasighed 1At blana pleve aen tiedictiet off @aleB33 A

positio I n, a chapber 25 .has,i.ts t openin 5 flush against the bottom
tZﬁ of t an%%i f)l(;fcsaef ?riegl?e %Pcﬁﬁlﬁrs% ﬂ)';) %‘\7 Fﬁ%gb‘gz ?%ﬁ?ﬂ?ﬁ%ﬂ/@%f\gée;ﬁr%gﬁuﬁﬂe%%b in

e st ermiikijsigePHdBes et id), thp dpenifips §€R : er on
t he con_neclt (J)r f)ads 3% ?Fi ggﬂgl)ang E)mogs the cfﬂlisg ag%?_r.iteggggﬁgl}ﬂ§%%%% ﬂjey
are posirgnrelpcptgd imehambenbay and® seafedpphtcei6 B raatml ialprint fznré pedesiall3 Boe

| d.by. 15 th pnt . fixt d | 31.. As will be, sh _bel ow,
tenci | i £t vty Poldbin et 70 BRSREbR segcifind propssaas Wik be owianed
carri er sngbrédéail Bﬁoﬂ@‘Fié.EA%aE&%se@fior@ﬂbﬁ?liﬁ@H%F@%gc iogc]f; étgaﬁrg%tégg'v\}ﬁﬁ’) g WMth

the contact pads 46 on top of the chip cartiers in anbers 25
of the pais¢deportign 33 Spserted kheadin seprostirgl 4 yhip comite 20f A8 cah®etse@f rafdediardacsss

steel or _same other simJarly suitahle paterial. 20 The preferred .

enbodi rré’HP%B’f‘e‘ﬁHé‘ CB?‘BE@&P%&&% iOB?Plﬁ%égﬁ'é% agamsthe eftos &heliachprqerics £ or
the stenciling process. As depicted in Fig. 6 pallet 23 filed with chip
carriers 21 with print fixture pedestal 31 positioned underneath it is
posi ti oned olig heraadds ateptvicsiof Abtemil 4kusedietheataviting \Wheesprtaicilf 4 Xisur e
pedestal_is _join 0 |l.et 23 this raises chip carrjers 21 partially out
of the F%Bﬁa{?fusﬁi%é?@?%g%mﬁg? Foanestar padsrg (Figsgl k@) of sherghip carrigs 2t nest
51 wi th iR tieQianeshsRldnBY irf thd EAMnTHeRD A Bl

posi tioned bee?élw tﬁ’e élt elnci | 47. Stenci ﬁﬁ%}?bﬁﬁ&g@@?g{a@gﬁe taﬁ%s%gt?}f%@heldby
appriépr itlz priggdsitere geilentpl 30 pahawilsbaitidwt bedows) demefl 47 is peredbvéi thélipalkg izonal

h h i ir d h il 47 d [ 1 23 i
o e P e ik onb T2 S B b ol w0 hasona meghan |
pal I et Rykay taga@ihdOde b %Cdf%écﬂifeﬁi&q iggacm%ufé@a Ipbrshs oq“zlge Sﬁﬁ}e{ 23
C n | X pe e a

Once the machine assures rrect alignnent, pri ure and
pal | et 38naild7isissady dyadwofla sheet of stainless stee! or some other similarly suitable material.

20 The preferred embodiment of the present invention uses an automated stencil printer for
the stenciling process. As depicted in Fig. 6 pallet 23 filed with chip carriers 21 with print fixture
pedestal 31 positioned underneath it is positioned on the work nest 51.  Also, as noted above
when print fixture pedestal is joined to pallet 23 this raises chip carriers 21 partially out of the top
of chambers 25 of pallet 23. Referring next to Fig. 7 work nest 51with the joined print fixture

25  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
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

30 nest 51 towards stencil 47 until the tops of the chip carriers 21, positioned in pallet 23, abut up

-8




30 nest 51 towards stencil 47 until the tops of the chip carriers 21,
positioned in pallet 23, abut up -8 31 AUGUST 2005 agai nst stencil 27. Wrk
nest 51 has pneumatic neans to raise and | ower the enter structure. At

this point solder deposition mechanism59 is |owered onto the top of

stencil 47 and the solder is deposited through the array of ' | es
49 of the stencil. Matrix holes 49 expose the contact pac}g &@’&i{gﬁ%
carriers ths t@gz W& hani 59 can recisely,dep iit t he sol der on the
cont act agalﬁ_ici;g‘e.nc e 88‘?7?) St? S RREERAT TRSIO False A STUCTTPOFRIETENEFe- 4 and
stenci | {#i¢ pbiit §QU&rAbEHioHBUMaismIANE fovtdi&l Gl Bleggﬁ g#ﬁé&il%@%?ﬁﬁ{e%lcﬁ?%m ely

hel d by the vacuum created between railse area print tIrxture
pedest aldefidsitad throtigh thoatrpnofofateahbleod9 efthpstemuil; Matsx Bdle§ $@exfosgtheGdntafione

of the chi riers 21 wll inadvertently stick to the stencil 47 pallet
23 i r SRISAE Sl camitis 2L thib IsitheY GidResisalndenepib Bieseldgnan thespntact
conpket a oS gdl L QP | LXx1: : . t he
pal ot FE UheS caplefdy i RaRas S S TNE) hin MEMINT and SRS 7 i herflled 7
circuit vpeard &sse s chipeades aredwimgeptwticheldbiHhg va@iunl ereitbé bpreberdied
enbodi ment qf the circuit ard assenbly process, a standard Pick and Pl ace
nmachi ne 368 38§fi8§8 .IXtE‘i?rHe%StQ%é agd g‘@i@ﬁ?‘“ of et ship cgrinrs 91 G¢e fig dAVRITEOUS

ok Cfi - ' ] ' ' 73
Oni o o Pear Buarara2? v AR SRy R6GE TN ERACH Rl EOMRHLRI I GRRE [

er w vari ous passi‘ve
Fig. 8 are being taken fromtray 67 or alternatively a tape in a nmanner
standard to the industry. Al so, assive devices, |.e. resistors,
capdfitors, &neethgsienchibgREcessdis bean compietedpallehhin discagoarie pribt friws

I ndust ' ' . | S: ne fi I f 4chi
St e 08, S 96 G OB SR ey ] e i 61

21 t hat cirtuit bdaes afsemblygabieat a2@pidupbin F28 8C diegiéfottedémpbddmentsTithadircattl  of
the chip carriers 21 on circuit board 65 it begins placing the chips on
the chi poadrassemtly proceg strrdarduPick andlesermaghine el isi wsed.o Biyrias she Fssgmbly
depicts | . ' ' 1th tir f

chi ps. 78r0BSeaAly 68 il GROB: SLE bl ORS Hhot Bl b Shesb A5 77
and 1passhipe 7demtcescultboard 65 egethep withrvatistispalive Qevicdty THrechip adaaEdire
process _each chip, chip carrier and passive device placed on circuit board

65 i s 2bengranakromyirayy @k enplierpativalyet sapg in eRpgnneg ptandard jtp dhrodpdry. Ay of
these d éés%?esde%%, 13PRER{ord rElapatcnglls,r et Wi @(ﬁginé FoRErof§ 68 Gh b YiEnAl St IGR to

di scard
the industry. Once circuit board 65 is populated with the first layer of chips and passive devices

gantry 61 then begins placement of the chip carriers 21 that it takes from pallet 23. Upon
20 completion of placement of all of the chip carriers 21 on circuit board 65 it begins placing the
chips on the chip carriers 21 together with appropriate passive devices. Fig. 9 depicts a portion
of a completed circuit board 65 with first layer of chips 73, passive devices 75, chip carrier 21
and second layer 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
25 momentarily present to camera 81 (Fig. 8) for inspection. Any of these devices that appear on

their surface to be defective are then discarded.
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

30  board by melting the solder previously placed on the board and chip carriers. Fig. 9 depicts board

9.




The third and final step is a single reflow process during which the
circuit board 65 with conponents attached is passed through an oven 87 to
permanent|ly attach the conponents to the 30 board by nelting the sol der
previ ously placed on the board and chip carriers. Fig. 9 depicts board -9
31 AUGUST 2005 65 entering oven 87. Use of a single reflowp gﬁﬁ? { ds
unduly stressing the circuit board and conponents attachgg”éo I §£?ﬁ@%

circuit board, 65 ha | of the c onents placed on it.before .goj

Chr olgh GUaNErE OVR STk erurbie BBt AR roruRaur ek gt B
used.  ASqdnShoffehis nﬁﬂﬁﬂ'@? iR Rirdhit b8 63THAGLE of Bfe! COWpOMERs PRBSES: itibefcsel der
paste to t and thus fuse the various 5 conponents placed on the board to

t he boar ghingpthraidihrgyen B2 bhhppearredendodivzntn stahdard rdflow exenpowssdt Sspd weled on
each chip carrier tq fuse tqQ that chi arrier at the samp ti.ne., Oe. of the
advant ageo VT indBRarh e SHIe TEHOW AR P FRSE ih 3910 pasie (oI AR T Ty ghe Vol
Co”poﬁe%oﬁnpp&l@ht@ﬁala&tl! &h g%f bb£lSo RODoRASHENRIGOMR UM earrieds. DALY, ithaed

S
in one step on the print circuit board. Once in place the board is sent
t hr ough esimgrentstpbacobh esdhechfodateer tp fissedo that diip gartibeatdnssoredime One efithe
board 10 and permanently to the bOﬁrd. This f%ﬁhds t he neeqfto Eut t he
board t htdiggheeTPigheRTa T PpPRIS t ‘i’}rfb%uo%‘;fal. g %??%W@r? 1P} 5% G ed
in the a{iﬂdfﬁ)a?ﬁ.@e LSEYordfGo Bﬁﬁ?sﬁ’t‘l@fédﬁr@b& SRR the pAhi@Bircd Bba AGk&LARct he

concepts o IS I nvention be able to adapt any nunber of commercially
avai | abl thefbakmdiis adrit trongtcan oves té orltthesodda pestt holdingabsearbipgnents ogithgbeard

refl ow process. 15 Wile the _inventjon has been rticularly shown an

s chl betnernanar s HIECorE. PRI bR i B e e @biah o es f it
under st g bt AR’ Flwcher thdle L@ ihk BRlonYalhed Have EIRAGE Shil SpdcAricAidnd
detail may be nade to It wthout departing Pron1 he spirit and scope of the
i nvent i ofind @leddanAlhd IShc2606f thlsAhMatiod wilAberehlh adadapr anyopuibat oingrenatiabyi t
board with a three dinmensjona rray qf seniconducio[ hi ps conprising the
steps of agilabledabacatiom gaghiags {91“ hecsisng] W avemmblyor singlepLeY PSS chi p

carriers to receive chips and

15 While the invention has been particularly shown and described with reference to a
preferred 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.

20
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passi ve conponents; 10 b) positioning said chip carriers over a first |ayer
of chips positioned on said board so that said chip carriers make cont act
with preselected electrical contact points on said circuit board; c)

pl aci ng on each of said chip carriers a sem conductor chip with passive
components; and 15 d) interconnecting in a permanent fashign [ LRSS,
passi ve conponents and chip carriers to said circuit boar .Agﬁh$ﬁgah@$hod
of claim1 further conprising the st&gzg : 20 a) verifying electrical
contacts on a plurality of chip carr re properly aligned for an
assenbl y pr Ocﬁ%th&i)fopﬁ(ﬁﬁﬁtinﬁg cftc@it b&Hd (vitAadide denSiofiliaBrad SERMAEINIREBE ESS;
and 25 c) populating said circuit board with a first |ayer of chips and
passi ve conposieps ®@msming thésteps @hd passi ve conponents being positioned to
make contact with preselected predeterm ned electrical contact points. 3.
The nethod of claim1 wherein the additional step of holding said plurality
of chip 30 carri emsparinga atiip recaingistle of alpluealitphBelep narsiatsdo odekiye chips ast S
are positioned in a flat matrix array with the chip receiving side of each
of said plurality BFSUALYIBYNSers are exposed at a -11 31 AUGUST 2005 top
of said pallet so that during said stenciling step said chip carrying side
of each chip can be accessed and so that during said positioning step each
chip can be rigtri epsitiching gl clipatripesived fitsnByatafphips pdsitidinel oredaiblsbacd
claim 3 wherein said step of holding said chip carriers . in a chip carrier
pal | et includes pr#ihefisay Rimeariery make ew&%@fl@l wpwircied ¢lprdrieal ﬁO%t?%rePOaﬁﬂ
bottﬂp1side of Sa&?mﬁ@kﬁ&ﬁﬂmﬁﬂid pal l et having a protective barrier that

protects the chip carrrer in ‘recessed position when the chip carriers
are positioned in a chanbers.
c) placing on each of said chip carriers a semiconductor chip with passive

components; and

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

carriers to said c¢ircuit board.,

2. The method of claim 1 further comprising the steps of:

20 a) verifying electrical contacts on a plurality of chip carriers are properly aligned for

an assembly process;

b) preparing a circuit board for a chip assembly process; and

25 c) populating said circuit board with a first layer of chips and passive components
said chips and passive components being positioned to make contact with

preselected predetermined electrical contact points.

3. The method of claim 1 wherein the additional step of holding said plurality of chip
30 carriers in a chip carrier pallet wherein 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
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10 5. The nmethod of claim4 including the step of securing and positioning
said chip carriers during said stenciling process with a print fixture
pedestal having a matrix |like array of protrusions, each protrusion being
positioned and sized to fit into the bottomof a chanber in said pallet

and engage securely but detachably the bottom side of a chjp 1 i n
sai d chanber and thereby |ift said chip carrier above sai g’:l&g?}gﬁé'f%ﬂé

barri 15 duri i t iLir [ . id chip . i il
i sengage 1 NP SAFEN BOIRGF ok BRLSETna ST IRe o BAE FF oF KA oni p
carriers to Sahfeh&eeRGHI ROBhL g s8id pbifoiRE E'tegez% chlplalbe reti/e8 gl d

step of securing said chip carrier conprises Sal protrusion securing said
bott om si de chidspusdionimgsteparri er by a vacuum created by an 20 aperture at
the top of said protrusion surface which abuts agai nst the bottom side of
said chip carrier. 7. A systemfor populating a circuit board with a three
di nensi ohal dFlreayiethbd 9éaiatwAdduetein saidbigpofdoiding siidchip 25rr&)s ia gpdhup adriity of
chip carriers attachable to.,a circuit_board with space for chiptqg b

posi tioned di nedet linylﬁg?ﬁ Raviding ¢ wairtx Qfdg‘?’&LFfé S i B5E0p vidk @%cfaqtﬁoweﬁﬂg%@fe vel |
as for  POS! RN Ao bRUATALAR Hbrt@hide ThkRr ARLTrEleot d gmge%-&riﬁaat e a
t hr ee di nensi ona array of chipS oh said circuit board; an 0 a pallet
for tenporar itkgeshal mhisitgpnantcenrtbw ehip camiets 4p¢ positiorted v chémlersarri ers during a
-12 31 AUGUST 2005 circuit board assenbly process, said pallet having a
matrix of chanbers in a franme I|like formwth the chanbers being open at

| eastp at5.a t OfhesthétBodbf daintl4 pallhditg theaadh of cbaring and pbdigorting smd chip chnlets a
chip carrier during the circuit board assenbly process, said chip carriers
bei ng posi ti chewgisaidsirnsiliog psegess withabensiyprapedesialiharings matiin like ggpy okhi p

recei ving si . sai.d.chi al r 0 : t he. 0 '
pallet to t hgﬁ%%‘gsfl%askggcshapf&%iug%{lsqeg{g %(?S?{é%}%g #’hi %Eeggaro rﬁtzirntug@éeets)gt? g)faauri ng
t he 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
15 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.

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
20 aperture at the top of said protrusion surface which abuts against the bottom side of said

chip carrier.

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

chips comprising:

25
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
positioning a chip on top of said chip carrier to thereby create a three dimensional
array of chips on said circuit board; and
30

b) a pallet for temporarily holding and moving said plurality of chip carriers during a
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circuit board assenbly process. 8. The systemof claim7 further including a
protective barrier to protect said chip carriers 10from uni ntended
alteration during said assenbly process. 9. The system of claim8 wherein:

a) said chanbers of said pallet are also open at a bottom side of said

pall et and said 15 protective barrier conprises a plurali ﬁﬁl" ts
around the outside top periphery of each of said chanbers,§%/‘ggjfé;c |%ﬁ€§

carriers having retaining flanges to allpow.themto rest jn n
said pall et and no@quughoaxfdmsgﬁygﬁygwaesgaqaafpﬂélﬁ Wgtaén%)l‘ﬂghﬁglglg{g%gggg%mguch

that when a chip CaEd el with ihe cRahbkrs B&ARSPer dt3ecast AR tb sideboOwid palld aaciof
sai d abutnents andﬂil(egfo'?%erg‘by p():r ot egt edﬁgyﬁsai d abut me%ts 20 from

uni ntentional al t eclainiten beiapdorEd30 ho)d = ehigl caxrist dmingithervdneui¢ bagrdiassanly
print fixture pedestal having a matrix |like array ,of. r.gise orti i th
the matrix array oPrOP%SSS@Hi‘gﬂi??E}rﬁ?@E’B‘@gHBSIBB%QdIIP%Féd’f%@Cﬁqrg‘i’%%%ttdslgﬁﬁlewhat
each rai sed porti O&itﬁ%ﬁéﬁgﬁﬁqg&i\;iﬂ% a4 RREhE LhiplatRt fAcRBlduBfro®@he lopaF satthen

said print fixture pede I's posttioned under said pallet with said

rai sed portions fagiihg 6 dhegclpahhlet saihadp sidé eshigohipi wrridriaceeskibteoduring thet t om
opening of an adjacent chanber, a circunference of said raised portion

bei ng | ess than t heireyivgagbasss Bl hce of said chanber so that a top
surface of said raised portion can positioned up against the bottom
surface of a chip carrier in said chapmber and . securely but det %chabl. hol d

sai d chi B. car Thesysthm phelaim ¢ frther inchisiher BOWSHEF Harmpr GRegisct saiflehap CarplesssT
2005  10. The{réxf&n%meg%gc%}\%l}%gg%gégdei‘gagsgllngh{lﬂb%g portions each have an

apertlQJre at i op Si al nst e bottom side of a chip
carrier positioned in said chanber so that a vacuum can be created between

sai d raiged paqlion AnflSAL 4 idacarrier to securely but

a) said chambers of said pallet are also open at a bottom side of said pallet and said

i3 protective barrier comprises a plurality 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

top is below the top of said abutments and is thereby protected by said abutments

20 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

formed such that each raised portion corresponds to a chamber of said pallet so

25 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
can positioned up against the bottom surface of a chip carrier in said chamber and

30 securely but detachably hold said chip carrier during a circuit board assembly

process.
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detachably hold said chip carrier during said stenciling process. 5 11. The
systemof claim9 wherein said print fixture pedestal during said circuit
board assenbly process is attached to a noving and positioning nmechani sm
during said circuit board assenbly process so that it can be positioned
under said pallet with chip carriers to securely hold saiﬁ§gmj§rpgm.§rs
during said stenciling step and properly position said chip carriers

during said stencilin tep. and assure. that said i ' ' e at
the conffl-etibhf %’ﬁtegh‘igf&%{ne%gﬁ?rfzﬁlgsa’é{rgﬁ? R%F“"ﬁ%a“@?‘ %?%%%ﬁehgfezﬁﬁs ?81?%%? her

including a ' ARF ARSIfhicAR cafied ppatibeid in 46d dhunley s diatla
assenbl y proggggﬁgté&?h%aﬁnsal gjopl urali tyco?) chi ppcar riers held by saj

pal | et can beyfRuapansbe tratedbetween aaid maigediportioyandesaid ¢hdp éwres/twfaé'é@g’uand
easily accessed, removed fraom sajid pall et and.ﬁ)osi tioned on said circuit
board over chdgachgbksiholbsrddiclyp caEIEr § sal S eIy SBoar d with chi ps
posi ty oned on each chip carrier to thereby create a three dinmensional
array of chips on said circuit board., 20. 1 An a r.at us for 14 onkng
and secutbly B¢ sysemchain R ovhray S%‘dcm%%%lﬂfﬁlpéagﬁ?‘i#’rﬁmg Sa}sdegﬁ&)czdéttnic)ﬁ%{ior
fabrication process comnrising @SR AEilanishpddingGaidituit
nodul es said ?)Se?FlinEE’%g%%%%g%%%d?ﬁé&@%gﬁg?o matrix 25 t)f _chgr%gers_, sai d
chanber s bei ngopRaHeablyprbidss to thadt embepdsitppaiindgr it palleewitk thip sawiersdai d

pal l et, said chanbers having said chanbers be,:h si ze

! I .ng to S{cceg}t anéidpl ld a
chip carri er sesnttlpbold seid shipspaiors FrRes2ig SIPFNEE FgP NHREPELRVEBATT FeF to
protect a chip carrjer L] d.w & [ carlradibéd hi thkur e
peded? al V\Athg%{“{:%du(ﬁlinﬁesﬁ@is%%&acﬁﬂ%ﬁt% kmo&sﬁlgitggg port{)gns that r%g%ech sai d
matrix of sai doGPRABEbEsA stsdiiindatp.et such that said raised portions are
sized such that -14 31 AUGUST 2005 said raised portions fit on a one for

one basis into said chanbers of said pallet fromsaid second side of said

pallet ?gd The system of claim 7 further including a mechanism to move and position said pallet

15 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 casily accessed, removed
from said pallet and positioned on said circuit board over chips 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.

20
13.  Anapparatus for positioning and securely but detachably holding a chip module during a

semiconductor fabrication process comprising:

a pallet for temporarily holding chip modules said pallet having a two dimensional matrix
25 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 and said chambers further comprising a protective barrier to protect a chip carrier

positioned within said chamber;

30 a print fixture pedestal with a two dimensional matrix of raised portions that match said

matrix of said chambers of said pallet such that said raised portions are sized such that
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wherein when said chanbers are filled with chip nodul es and a said print
fixture pedestal 5 is joined with said pallet at said pallets second side
said raised portions elevate chip nodules |ocated in said chanbers to a
wor k position fromwhich they can be worked on fromsaid first side of

said pallet. 14. The apparatus of claim 13 wherein said rajs I

have an opening at a top of each 10 which leads into an ﬂkgﬁégtﬁgg in
said print fixture pedestal. and when said. print, fixture pedestal is joined
to said pal | e ised B%‘%BPS t‘%ﬁ“ﬂa P 10580 ’cSiIBtH§alé‘r°§aIBg%1‘§P H Balg‘@épﬁs&al%
bottom of a clpghdBebalOMEEInd N each chanber and a vacuum can be created

between said top of said raised portion and said chip nodule bottomto
detachably but securely hold said chip nodule while it is being worked on,

t he vacuum bei ng .created b ttaching, 15 a bottom portign of said print
fixture pedes"t’léq%e’f’(?" nx?aa‘éﬁﬁffﬁ‘aheé%ﬂieﬁ@e@w@lﬁbwI%Owsla@%s%%alﬂmﬁxﬁﬁﬁp%ﬁeﬁ@bhes

at an openi nqg &intd&i i j j | ' [
eading it 0% At FLRRSIORIEL 2SS pRIC ool WA SpRRARE! Rhufy BiefE U
appar at us of mbdilenldGteshiarseidehsabels ahi workgeuiteniferawhith pheadanibe workéd dkb .

The apparatus, of claim1l erei n when said chanbers of said pallet have
chi p modul es fr%&lfii?lﬁﬂéﬁgio\g;iuﬁéﬁﬂgnd the print fixture pedestal is not
joined to said pallet the top of the nopdules are conpletely concealed in
sai d cha]nber ,ﬁ\%l ow a to? surface of said first side of said pallet and
when saild- prihe 2pp3atys of plae 4 aherean sadd rised pertions Baysan apening at hipetbyachaj se

25 tihe nmodul ggyikh eac . | ve.th op_surfagce of the
et sl de o Migneat ot ifRag SRth Syl e Aty A AR R kP
protective baedesedl is pigedsiersidspatibt thaiteeol Abliaigea tpdrtidne@sd psbiimedAgaihfie t op
out si de edge of said chanber and said chip carriers having 30 retaining
flanges to alboBamfiashinnpduefacpisd in eash chambgrand haagmantrerbelsedatnd hetwednei ght
of the abut @Ei'atﬁp of ga?d raised portion and said chip module bottom to detachably but securely
hold said chip module while it is being worked on, the vacuum being created by attaching
15 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.

15. The apparatus of claim 13 wherein said chip module is a chip carrier.
20
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
of said pallet and when said print fixture pedestal is joined to said pallet to thereby raise
25 the modules the top of each module projects above the top surface of the first side of

said pallet.

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

abutments.
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