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A work cell for populating a ball grid array employs gravuy for tranferring solder balls from a tooling plate to the ball grid array
The toolmg plate is positioned on a gantry along with a reservoir for solder balls. The gantry, alorig with the tooling plate and reservoir, is
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gravity transfer of the solder balls to a (fluxed) ball grid array. Apparatus employing more than one work cell is also described.
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The task of populating the recesses reliably is a

di fficult oWO 2%/09744 nunber of procedures to acconmaIstsssabisabl e
sol der ball placenent have been devi sed. One such procedure
devel oped by Mdtorol a, enploys a vacuum - chuck with a nunber of
hol es corresponding to the recesses in a ball grid array. The

holes are defined in a shift plate which noveslto rel ease the ball 15

into the ball grid ar r%, Igro er‘IA% posi tioned, when the vacuumis renoved.
Anot her net hod enpl METHO i‘-"pﬁ& PRARATEIS FOR FIBEINGeABALL GRID: ARRAY

mat es t-he bal l

grid array to the "dip strip" to transfer the balls.

BRI EF DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS OF THE I NVENTI ON

20
cylindrical

Ferris \Weel,

| NFEELDr OB THENNVENTHQN | nci pl es of .this. invention, a

rotatabl e about a central axi's much |like a

is enployed for filling the ball grid array with

sol der balls. A ball grignRrnpn i tebatks 15 BEH'EHY drPays $hd more particularly to the

15

20

placement of solder balls in such arrays.
BACKGROUND OF THE INVENTION

Ball grid arrays are well known in the art and available commercially.
Such an array comprises a plastic film with an array of recesses, each recess
providing a receptacle for a solder ball. The arrays afe available in strips and
the individual segments of the strip (i.e. array) can be detached from the strip.

The task of populating the recesses reliably is a difficult one and a
number of procedures to accomplish reliable solder ball placement have been

devised. One such procedure developed by Motorola, employs a vacuum

chuck with a number of holes corresponding to the recesses in a ball grid

array. The holes are defined in a shift plate which moves to release the ball
into the ball grid array, properly positioned, when the vacuum is removed.
Another method employs a “dip strip” which captures the balls and then
mates the ball grid array to the “dip strip” to transfer the balls.

BRIEF DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF THE
INVENTION |

In accordance with the principles of this invention, a cylindrical gantry,
rotatable about a central axis much like a Ferris Wheel, is employed for filling
the ball grid array with solder balls. A ball grid array strip is secured to the
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i nner face of the gantry and a tooling fixture is secured to the outer face
of the gantry in a position corresponding to that of the ball
grid array. A reservoir is positioned at the bottom of the
gantry and is filled with sol der 2balls. The gantry is rotated
to nove the tooling fixture through the reservoir S : - of sol der

ball's to fill reciameedacenof the ganty amyl hitsolimg fiviurée issdodesd tathesoutéhéace of
gantry is rotated further upwards, to a positjon where | der _bal ] s not

posi tioned in re_cg&%mé}' lﬂrﬂaPP&‘SPPnEP’F&PPE?’@Ef‘Ql\Aﬁ‘%gQﬁS(&%P@lt&ﬂ;'d RESEr vAi r .
Gravity also ensurasridial ANESUCE! tRbbioitf i Ghaky iiPis' BEEE AR Pladne

tooling fixture always no e same position.i e recesses us
provi ding 10 balls. pTlseigantapisaopated to arvefthe todlingsfiktdes thretigls thmvesedvbizugh
the recesges are | e sl de

rger than t . der, bal l s.
The toott g f1xt upbSAger. bally so il regesss 48 b toelings FXiogs veitnsoldgr balls. The
illustratively, b rai i : '
t he ¢ gttt 3n3§f'?_{xat‘§? eﬁﬁ#fﬁ"?&}‘i@gg?@i £, BoaAoR ke Wiaet valis Hit | |
grid array at a ppositioied in recessesnoft the tqudingt fixtnrevfali dagk dnta yheopeseptais t o
he tooling fixture, into

nove the solder balls, captured b t
t he correspondi ng&%‘@@sé@ W“{%e&lgélq’e @&plder Aalls captured in"the recesses of the
tooling fixture always move to the same position in the recesses thus providing

10 predictable positions for the solder balls even though the recesses are larger
than the solder balls.

The tooling fixture is coupled to an associated ball grid array,
illustratively, by means of a rail and solenoid arrangement which pushes the
tooling fixture into juxtaposition with the associated ball gnd array at a point

15 in the operation where gravity operates to move the solder balls, cﬁpturéd by
the tooling fixture, into the corresponding recesses of the Ball Grid Array.

In accordance with another embodiment of this invention, gravity again
is employed to transfer solder balls from a tooling plate to a closely
- positioned ball grid array. Further, the tooling plate is moved with respect
20 to a reservoir of solder balls for populating the tooling plate with solder balls
| for later transfer to the ball grid array. But in this second embodiment
herein, the reservoir geometry is such as'to capture loose solder balls during
a one hundred and eighty degrees rotation of the reservoir and both the
reservoir and the fixture carrying the tooling plate and the ball grid array
25 actually rotate through about one hundred and. eighty degrees. -

“The balls in the reservoir spread across the tooling plate at one range
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i'n accordance wth another enbodi nent of this invention, gravity again
I's enpl oyed’VQSG/Qmomsf er solder balls froma tooling plate torerwkss2bss
positioned ball grid array. Further, the tooling plate is noved with

respect 20 to a reservoir of solder balls for popul ating the
tooling plate with solder balls for later transfer to the bal
grid array. But in this second enbodi ment 3 herein, the reservoir
geonetry is such as to capture | oose solder balls during a one

hundred” and ei ghtof p@sgloaeslumgahe aotationt éequem@etolpopulatnjﬂtnotdmlmgwlate As

reservoir. and th |xture C t he to lin an

array 25 8 5L I“}/‘&Hi%‘h’@% SBB%E'P%&]@ E‘F‘Fgﬂ'@gh’aéﬁ @?%I%’We |
degr ees. filkthera K e
tooling plate at a(t)tgce:h?daggteates & %}\6&55?3@@%! RRAVEHR PRI e S ﬁ&'
PCT/ US95/ 12353  array into close proximity to the toolmg plate. As further rotation occuss, the

of posI N Iur gL G kB b S HEBER ) BBV ekl by
oscillates over about a one hundred and eighty to two hundred degree angle

so that solder balls do not escape the reservoir.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 s a top view of a representative, commercially available, ball grid

10 array strip; and

'Fig2 is a schematic view of a Ferris Wheel apparatus for filling ball

grid arrays in accordance with the principles of this invention;

~ Figs. 3, 4, 5, and 6 are schematic representations of a representative |
ball grid array strip and associated tooling fixture affixed to a Ferris Wheel
15 ~ apparatus of figure 2 as the wheel moves to consecutive positions during the

operation;
Figs. 7, 8; and 9 are side, top and front views of an implementations
of the Ferris- Wheel apparatus in accordance with the principles of this

invention; and

20 ' Fig. 10 is a flow diagram of the method of populatmg a ball gnd array
w1th the apparatus of figure 2.

Figures 11 through 22 are schematic side views of a solder ball
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the gantry,

to which the reservoir, the tooling plate and the ball grid

array are WO 96/09744 attached, rotates further, a riser cylpcifsoshsass

activated to nove the ball grid
the tooling plate. As further rotation occurs, the 5 tooling plate

noves above the ball grid array for gravity transfer. The gantry

oscill ates over about a one hundred and eighdy to two hundred degree angle

so that solder balls do not escape the reservoir. BRI EF

DESCRI PTI ON -OF Tlﬂﬂaﬁmmmk cell in accordance with tié grintiples af tthis itiventiof a
representative,

and

apparatus for filling ball ,
principles of this invention;

nnerC|aII avai | apl.e, ball grid 10 array strip;
showing theqriensatian Gf el aious cOTIPORERIS thetein dnanpRperation;

schemati c represent at |l“0gm'esf23a Aegnd 25nsret schematic end, 51de Iaaﬂltogrwdwﬁrdfaa'

strip and associ ated,t

fixture affixed,
apparatus of fi glﬂ'%‘:t?aggmh’ﬁglmép aﬁﬁ‘?/@é“?% r'g‘@(ﬂﬁ’cchge ﬁg\ghlﬁ P’Eﬂﬁmﬂﬂr aney

t he

10

15

20

o.a Fery
operati on;

Figures 26 through 28 are enla:ged schematlc rep'_reSentat.ions of

~ portions of the embodiment of figures 23, 24 and 25.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF
THIS INVENTION

Figure 1 shows a top view of a ball grid array strip 10 which is
available, for example, from AMKOR/ANAM, Korea. The strip is comprised
of a plurality of individual ball grid arrays 11. The individual array can be
separated from one another along lines indicated by the broken line at 12.
The ball grid array recesses are shown as an 11x11 array at 14 in the figure

. resulting in an array of 121 solder ball recesses, each 0.63 thousandths in

diameter on 1.27 thousandths centers.

Figure 2 shows, schematically, a "Ferris Wheel" type'apparatus for
filling a ball grid array in accordance with the principles of this invention.
The wheel comprises a circular gantry 20 ha_ving_ah.inner face 21, an outer
face 22 and a th_ickness of about one inch. A tooling fixture 23 is attached to
the outer face of the wheel and a ball grid array 24 is attached to the inner
face of the wheel in a position corresponding to that of the tooling fixture.
A reservoir 25 of solder balls is positioned at the bottom of the wheel.

In operation, the wheel is rotated about axis 26 so that the tooling

RECTIFIED SHEET (RULE 1)
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grid arrays i n accordance with the
Figs. 3, 4, 5, and 6 are



Fi gs. 7, 8, and 9 are side, top and front views of an inplenentations
of the Ferrwggmgﬁk apparatus in accordance W th the principlpegnbsiinss

i;nvention; and

Fig. 10 is a flow diagram of the nethod

of popul ating a baII grid array with the apparatus of figure 2.
Figures 11 through 22 are schematlc side views of a sol der ball _ WO
96/ 09744

PCT/ US95/ 12353

10

5

20

5
fixture 23 moves through the reservoir while the ball grid arrag does not
engage the solder balls in the reservoir. the thickness of the wheel thus can
be seen to be arbitrary, but is related to the depth of the reservoir and the
necessity for rigidity.

' Figures 3, 4, 5, and 6 illustrate, schematically, the sequential positions
of a ball grid array and the associated tooling fixture as the wheel of figure
2 rotates in a manner to move the tooling fixture through the reservoir of
solder balls. Specifically, figure 3 is a schematic side view of an illustrative
ball grid array 31 and associated tooling fixture 32. The components (31 and

32) are moving downwards and to the right as indicated by the curved arrows

33 and 34 in figure 3.

As the wheel rotates fu'rther,'tooling fixture 32 enters the reservoir
while the associated ball grid array remains above the reservoir. The

| positions of the components at this juncture of the operation are illustrated

in figure 4. It is to be noted that ball grid array 31 has an array of recesses

(37 in figure 4) which are facing downwards, as viewed in figure 4. The

tooling fixture, 32, has recesses facing upwards, as viewed in figure 4. The
recesses in the tooling fixture are dimensioned to hold only a single solder
ball. Since the tooling fixture become occupied.

The wheel continues to rotate as illustrated in figure 5. Gravity acts

~ to return excess solder balls (38) to the reservoir as the components (31 and

32) move upwards and to the right as indicated by the curved arrows 39 and
40 in figure S. Wheel 20 is grounded electrically to ensure that static
electricity does not act to retain excess solder balls on the surface of the
tooling fixture. The now filled tooling fixture is positioned to transfer the
solder balls to the associated solder ball array.

RECTIFIED SHEET (RULE 91)



pl acement work cell in accordance with the principles of this invention
show ng type 9gpeapt ati on of the various conponents therein gor/ofes/ORey ation;
Figures 23, 24 and 25 are schenatic end, side and top views of a

practical enbodi nent in accordance with the principle of this invention;

and 5 ﬁ Figures 26 through 28 are enlarged schematic
represent ati ons of . "portions of tlige enbodi nent of figures 23, 24
and 25. - DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS OF
TH'S 1 NVENTI ON  The transfer of the Bolder balls i hmmnphshqd byi movinig the hodlingyri d

array strip 10 which is 10 able, for exa from
Korea. The stri pﬁﬁglf%@-nﬁrth% @§§0c1ated %ajl EridATT3Y Bt st pgsnéqn %ﬁ%’K%HQ“%I I

grid arrays 11. jhe 4h g#géequgbgl?Bpﬁﬁéts b@@ﬂ!&%s as the w Sels *Bifigh&d b %ﬁhﬂé"e

anot her al ong | i hes IRaP TSt e en line at 1

grid array receseaeunterdocknisen Astharcoiripohi:nsrpaa.yttmtfomﬁvn delgeee pagitian, with
resultl ng in an array of 121 er ball ses each % 63 thousandths in
i actepedion verties SeszoRse gure 5, gravity begins to act to move

~ the solder balls from the toohng ﬁxture to the ball grid array. It should be
clear that the contmu_ed rotation of the wheel positions the ball grid array
beneath the _fooling fixture whereas in figures 4 ai;d 5 the tooling fixture was
beneath the ball grid array. Moreover, as shown in figure 6, the recesses of
10 the ball grid array are directed upwards and the recesses of the tooling fixture {
are directed downwards. The recesses of the tooling fixture are dimensioned
so that a solder ball is free to move in a recess and the recesses in a ball grid |

array are more closely dimensioned to fix the position of a solder ball therein.

The movement of a tooling fixture and a n associated ball grid array
15 into juxtaposition is accomplished, illustratively, by moving the tooling fixture
along a track arranged between the associated components. The movement
-along a track is provided by a solenoid activated when the components are in
the optimum angular position for such movement and before the wheel
rotates to a position where gravity acts to transfer the solder balls.

20 Figure 7 illustrated the "dropping" of the solder balls from the recesses
in the tooling fixture to the corresponding recesses of the associated ball grid
~ array. Note that the recesses in the ball grid array are relatively shallow to
position the captured solder balls so that they protrude from the recesses as
is the case with populated ball grid arrays.

25 In principle, apparatus, in accordance with the principles of this
invention, employs gravity to transfer solder balls from a populated,
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F| gure 2 shows, schematically, a "Ferris Weel" type apparatus for
filling a wbB6/097ddl array in accordance with the principles BCTUSPYH12353

{nvention. The mheel conprises a circular gantry 20 havi ng an
i nner face 21, an outer ' face 22 and a thickness of about one
inch. A toollng fixture 23 is attached to 20 the outer face of the
wheel and a ball grid array 24 is attached to The inner - face of

the wheel in a position corresponding to that of the toqli ng fixture.
A reservoir 25 of gJuxtapesetatooling fixturs andineludes anmepkanism 16f space theetopling

{/\E‘) ggf_ggt?iélzn’ the vhESe ami bR LGB0 bhu it afdy 8 pdidtic niSvehRRl' dt%nly the

PCT/ US95/ 12353 . toohn%]ﬁxture into a reservoir of solder balls for tem dporanly capturing the
fixture 23 noves throu the reservoir while the ball grid array does not

engage the sol der lsaldes hallst for trarséer ot ra latne time drnthesball gridk apwayewhemube

can 5 components are repositioned for gravity to effectuate the transfer.

Figures 8 and 9 are front and end views of an implementation of the

apparatus of figure 2.

The apparatus 80 of figure 8 is operative to rotate Ferris Wheel 81

illustratively counterclockwise about axis 82 in response to the energization

10 of motor 84. As viewed in figure 8, the ball grid array strip 85 and the tooling
' fixture 86 move doﬁwmd towards the solder ball reservoir. The tooling
fixture and the ball grid array are spaced apart a distance to ensure that only

the tooling fixture actually contacts the solder balls in the reservoir. As the

" tooling fixture moves through the reservoir, solder balls in the reservoir

15 occﬁpy the recesses with an excess of solder balls accumulating on the surface
of the strip. Moreover, the solder balls which do occupy recesses are moved
downwards in those recesses under the force of gravity to move to consistent

and predictable positions within the recesses.

Figure 8 also shown a positioning arrangement 90 for positioning the

20 * tooling fixtures and the ball grid array on the outer and inner faces of the
- wheel. The arrangement includes a support 91 from which manipulating arms

92 and 93 are suspended. Ma.nipulating arm 92 is operative to place the ball

grid arrays in position and the manipulating arm 93 is operative to position

the tooling fixture. Figure 8 also shows engagement mechanism 95 operative

25 to move the tooling fixture and the associated ball grid array together once
the tooling fixture has moved through the reservoir or bin of solder balls.

RECTIFIED SHEET (RULE 91)



be seen to be arbitrary, but is related to the depth of the reservoir and

t he ‘WO 96/097a€cessity for rigidity. 5 PETAYSISH3S3, 4,

5, and 6 illustrate, schematically, the sequential positions of
a ball grid array and the associated tooling fixture as the wheel of figure
~2 rotates in a manner to nove the tooling fixture through the reservoir of
sol der balls. Specifically, figure 3 is a scl&matic side view of an
illustrative bal | r| d array 31 and associated tooling fixture
32. The conponent sFigm &rshows e tooling 3y2t)tunzr endrdmllngndoamyaumsmnmm ot thee

ht di cat ed t.h d. 34 f, 3
as e wheol T ot aPeReAYdlF ahGHe BEBuR GB Gase.. Opraripd fs Eiustidedniis Hv
while the associ aigsiedattle 96dihg fikfite " AEPIthS b?a@PPﬁdt Bftay SREJ \AE 'resdMBir as
positions of the conponents at ‘this juncture of Che operation are
illustrated 15  indicated rbyf cusyed arrowt98. s Wberbéhm@pmpcmnats wave fyrther ao ray
bumaar o "5t heRRTRGpeg by sxie 9. enbiberid helhsH o3 By Rl G 3R0RE
recesses facing um@fd&mgmu&quqump&ﬂuﬁ%ﬁ: thEsall grid array., The neschaARm | N
the tooling fixture are dinmensioned to hold only a single solde
bal | . Since the tingludey & ¢lutchrte re@imthe eunpgneats in a position while they are moved

upwards and to the left as viewed in figure 8.

-

Figure 9 shows an automatic solder ball or sphere loader 100. the {
10 solder ball loader is controlled by a controller 101 operative also under
operator command to rotate the wheel, move the components into
juxtaposition, and also fill the reservoir. Con;_roller 101 is shown in figure 9

and comprises a process computer as is well understood in the art.

It should be apparent to those skilled in the art that more than one
15 ball grid array strip may be populated in a continuous operation so long as
the apparatus ensures that the solder balls remain in the recesses once they

are in position in those recesses.

Although dimensions vary according to the intended use of the ball

grid arrays populated in accordance with this invention, typically the outer

20 ~ diameter of a wheel is from twelve to fifteen inches and the inner diameter
in one inch less. Such dimensions ensure that the ball grid array does not

enter the reservoir of solder balls while the tooling fixture is being popufated.

Further, it should be clear that more than one ball grid array or strip

along with an associated tooling fixture can be positioned on the wheel for
25 increasing the throughput of the apparatus. This is clear form figure 8 where

RECTIFIED SHEET (RULE 91)



20 The wheel continues to rotate as illustrated in figure 5.

Gavity acydee9744 to return excess solder balls (38) pe@nishe12353
Jfeservoir as the conponents (31 and 32) nove upwards and to the
right as indicated by the curved arrows 39 and 40 in figure 5.

Wheel 20 is grounded electrically to ensure that static
electricity does not act to retain excess solder balls on the surface of

t he 25 tooling fixture. The now filled tooling fixture is positioned
to transfer the sol der balls to the associated sol der ball

array. WO 96/ 09744

PCT/ US95/ 12353 : 9 6

The transfer of the solder balls if acconplished by noving the tooling
fixture and theasseaiatedaballl grid larrpyi and:fixtyrei areo showm dpobya ipesitions, t Feo

lo rotate  differdolosidilodfiTaiadd BRORER SRR SouR e AntNBGReL 7O )"

five degree position, with 5 respect to a vertical reference axis
42 of figure 5, gravity be]%i ns to act to nove the sol der balls
- fromthe tooling fixFigneetld ihe flowm dipgramaof ahe methodoof wperation of the

apparatus of figure 2. The first block 120 of figure 10 indicates that the ball
S grid array and the tooling fixture are secured to the inner and the outer faces
of the wheel of the apparatus with the recesses facing one another. The
second block 121 indicates that the wheel is rotated through first and second
positibns at which the fixture is beneath the array and at which the array is
beneath the fixture respectively. The third block 122 indicates that a reservoir
10 of solder balls is located at the first position so that only the fixture enters the
reservoir. Block 123 indicates that the spacing between the fixture and the
array is reduced before the wheel moves to the second position at which
gravity causes the solder balls to drop from the fixture into the recesses in the
array. The array now is fully populated and can be removed at the position
15 identified by the numeral 85 in figure 8.

Figure 11 shows a schematic side view of a work cell 210 in accordance
with the second embodiment of this invention. The work cell includes a
gantry 211 rotatable about on axis 213. The gantry includes a reservoir 215
to the top of which (as viewed in the figure) a tooling plate 216and a backing
20 ~ plate 217 are secured.

A ball grid array 218 is spaced apart from but aligned with the tooling

plate. The ball grid array is positioned on riser cylinder 219 operative like a

solenoid to move the ball grid array into juxtaposition with the tooling plate
controllably. - The riser cylinder, the ball grid array, the tooling plate and the

25 reservoir are all affixed to the gantry and rotatable through first, second and
third stages of orientations as the gantry moves through about one hundred



clear that the continued rotation of the wheel positions the ball grid
array WO 96/09744 beneat h the tooling fixture whereas in fiporesesfizsszd S5
the tooling fixture was beneath the ball grid array. Moreover,
as shown in figure 6, the recesses of 10 the ball grid array are
di rected upwards and the recesses of the tooling fixture are
directed downwards. The recesses of the tooling fixture are di nensi oned
so that a solder ball is free to nove in a recess and the recesses in a
ball grid array are nore closely dinensioned to fix the
position of a solder ball therein. The novenent of a
tooling fixture and a n associ ated bal | gr“h array 15 into

juxtaposition is acg | ished, illustratively, by nmoving the tooling
fixture an&‘e_lggxgg%tvéo M@Wda‘ier%#g‘e‘?f’@i#&@én t he associ at ed
conponents. The novenent . along a track is provided by a
sol enoi d activated when the conponents are in- -~ the optinmum

angul ar posi tion forTherttationefthe gantry andfthe epetationtof the various componentst at es
to a position ere grayity,. acts to transfer the | der S 20 .,
H gur o 7 111 st neretite esciiben i FgmnesHoREL: GEues 10 dhreugh & The o@tioRses
in the tooling '-ﬂgnlj’r ‘ RS ' r gﬁ.&g;ﬁ_ ; ag%gm | a bal |
grid icnllar ar;s. .tée}a[ohat ?ﬁagqggiccg%ge@clnt eﬂlt))a]lhrlﬁgrl g%'rgglgare
rel ati v8l y shal soidertballs, 221, can be segti dssume differenpprofiles asthe gantoptdtateso
that they protrude gr m t he ,recesses %s o, Py i'g t he d:ase witrl
popul ated bal | @8 orientation as shown in figure 12, and to 2 90 degree, a 135
degree, a 180 degree to 200 degree orientation as shown in figures 13, 14, 15

and 16 respectively. The operation as shown in figures 11 throﬁgh 16, spreads

the solder balls in the reservoir across the tooling plate as shown in figures 15
10 and 16.

The direction of rotation now reverses as shown by arrows 220 in
figures 17 through 21. Specifically, the gantry now moves clockwise collecting
loose solder balls in the reservoir as the gantry m_ovés to the 160 degree
orientation as shown in figure 17. The populated tooling plate moves to an

15 orientation where all loose solder balls have fallen free of the tooling piate

. as shown in figure 18.

~The gantry now is entering a range _of orientations where riser cylinder

219 is operative to move the ball grid array into juxtaposition with the tooling

plate as shown in figure 19. Further rotation occurs, as shown in figure 20,

20 where gravity begins to become operative. Figure 21 shows the gantry rotated
| into the range where gravity is operative to drop solder balls from the tooling
plate to the awaiting (and aligned) ball grid array. |

Figure 22 shows the rotation (or oscillation) cycle to be completed and
the gantry is returned to the position shown for it in figure 11.



55 In 'pri nciple, apparatus, in accordance with the

princi pl es wWo 96/08784 i nvention, enploys gravity topetaRessss
sol der balls from a popul at ed, WO 96/ 09744
PCT/ US95112353 ' 7

j uxt aposed tooling fixture and includes a nechanismto space the tooling
fixture and the associated ball grid array to permt novenent of only the
tooling fixture into a reservoir -of solder balls for tenporarily capturing

t he solder balls for transfer at a later tine to the ball grid
array when the 5 - components are rei)ositioned for gravity to
ef fectuate the transfer. 1 Fi gures 8 and 9 are front and

end views of an inpl eﬁgtoapteirgtri]oﬁ) fde;tuhcteed in figures 11 &ﬂ%ﬁéﬁ‘ t2"leca(1)1f b;-isggx; eto ZBe '
divided into several operations: The first is the solder ball spill operation to
populate the tooling plate. This operation occurs during a first range of
gantry orientations depicted in figures 11 through 16. The second operation
5 is the movement of the ball grid array into close proximity to the now
| populate tooling plate. This operation occurs when the gantry is reoriented
through a second range of orientations depicted in figures 17 through 20. The
third operation occurs when the gantry is rotated through a third range of
orientations depicted in figures 21 and 22 where gravity is operative to
10 transfer the solder balls from the tooling plate to the ball grid array.

Figures 23 and 24 show schematic side and top views of apparatus for
implementing the invention shown in figures 11 through 22. Figure 23 shows
a gantry 313 rotatable about axis 314 via motor 315. First and second work
cells 316 and 317 are secured to the gantry at the top and at the bottom as
15 viewed in figure 23. Each of the work cells is as depicted in figures 11
' through 22. In operating, the work cells are rotated, as described
hereinbefore, along a circular path designated 319 in figure 24. The use of
two work cells permits a doubling of the throughput of the apparatus, one of
the work cells always being readied for ball placement while the solder balls
20 are being transferred to the ball grid érray in the other work cell.

Figure 25 shows a top view of work cell 316 of figure 23. The figures
_ shows an array pattern of holes in the tooling plate receiving solder balls
- during the operation depicted in figures 11 through 22. Figure 26 shows the
pattern enlarged. The tooling plate is designated 350 in figures 25 and 26 and
25 the hole pattern is designated 351.

Figufe 27 shows enlarged, the tooling plate 370 and backing plate 371.



The apparatus 80 of figure 8 is operative to rotate Ferris \Weel 81
I 1l ustrat iwebgogzasint er cl ockwi se about axis 82 in response tpcti$95/12353

energi zation 10 of notor 84. As viewed in figure 8, the ball grid
array strip 85 and the tooling fixture 86 nove downward towards
t he solder ball reservoir. The tooling fixture and the ball grid
array are spaced apart a distance to ensure that only - t he

tooling fixture actually contacts the solder balls in the reservoir. As the
tooling fixture noves through the reservoir, solder balls in the reservoir
15 occupy the recesses with an exc ss of solder balls accunul ating
on the surface of the strlp eover, the sol der balls which do

occupy recesse are ve rd t hos esses under the
“force of gravit q%gepqﬁf E%é{lmto s&ﬁer ﬁaﬁ Ppogkets %ﬂécﬁ’ﬁt’ﬁ?ﬁ‘@ngd@?t i ons
within the rec o%era%n °ffgh%r?o§1’| n?]ll ghown a positioning

arr angenent 90 for p05|t|o xtures and the ball
grid array on the outer and |nner faces of the wheel . The

arrangenent incl ude rt 91.fro wh ch n atin

92 ang 93 are sugpeﬁﬁlw |=&!4r | §30 gﬁé&ﬂ“aﬂ’i%’%@cﬁ&?"&k%ﬂ% bal |
d

grid arrays in 339SHefinie % &é}?t Xtur g%ﬁﬁgegsi %ﬁ 'Sb%cgﬁgwtb‘g&%ere

posi tion the too I ng |gure engagenent
mechanism 95 ophemolmg plate hasanarra}qaamsm as kkowmin ﬁglg'efZGXt'llreetoohdgpre

associ ated bal | d arra to et.her once the tool g fixture has
oved through t # aﬁ)lgmamems&@? sgpmcalso in figure 26,

_ The ball -grid array 1s mounted on the riser cylinder as discussed-
hereinbefore. The ball grid array is designated 385 and is positioned in a
'nesting plate, in practice, for handling and alignment. The nesting plate

10 mates with the riser cylinder mounting plate 386. The riser cylinder 387
moves the mounting plate and thus the ball grid array into juxtaposition with
the tooling plate. Such juxtapostion is shown schematically in figure 19.

As is common -pi'actice with ball grid arrays, the arrays are coated with
a flux which is an adhesive to retain the solder balls in place. The adhesive
15 - is coated onto ball grid array strips in a silk screening process prior to
positioning the ball grid array in the work cell. One adhesive used in practice
is, illustratively, a Chester Corporation - SP291 which is a resin based material
with actuators which is heated to between 100 and 120 degrees Fahrenheit
before application.

20 - The apparatﬂs may be any size so long as it accepts ball grid array
 strips and in the prototype stage had dimensions of about one by one and one
half feet.

The operation is controlled by controller 390, as shown in figure 23,
- responsive to user input. Outputs of the controller are connected to inputs

>



WO 96/ 09744

PCT/ US95/ 1 ¥5%5/09744 _ PCT/US9582353
Figure 8 shows the tooling fixture and ball grid array in position at the
reservoir at the bottomof the figure. Operation is counterclockw se having
noved the tooling fixture and the ball grid array into the reservoir as

i ndi cated by curved arrow 98. Wen the conponents nove further to a 5
position indicated by axis 99, engagenment nechanism 95 is activated to nove
the tooling fixture into juxtaposition with the ball grid array. The
mechani sm i ncl udes a clutch to,petain the conmponents in a
position while they are noved &Bmards and to the left as viewed

o sphore | bader® 88T 315 2pd to riser' GHpfier 387 350 AHLSTH ieoRBh B 87 '
control l er 101 qrevidirigiémirigscontioliand power from a powee sairee 305 "Wiikh it hRd at €

t he wheel, nobve the conponents into j uxtaposition, and al so
fill the reservdesondwerk ealls are affixed 0 SRposite wdsmj@h@gmtry as shown in figunel

. conprises a pr 06833 the SoMHUIfe 1?3pér3t1¥}§ ) aWfie $he Met @yﬁt{b%r% each work cell

5 at the appropriate time in the third range of orientations for that work cell,

While embodiments of the invention have been described in detail it
will be evident to those skilled in the art that the invention may be embodied
‘otherwise without departing from its spirit. '



It should be apparent to those skilled in the art that nore than one 15
ball" gridweopeysrasri p may be populated in a continuous operptr/0sos8083930Ng as
the apparatus ensures that the solder balls remain in the recesses once

t hey aré in position in those recesses.

Al t hough di mensions vary according to the intended use of the-baH

grid arrays popul ated in accordance with thigi nvent lon, typically the

outer 20 di ameter of a wheel is fromtwelve tmlmﬂﬂ&mw ﬂtﬂﬂand |
the inner dianeter -~ in one inch |ess. SucH M ¥ t hat
the ball grid arra does no enter the raservofr of Solder balls
whil e the tooling CIAIM,EHdspopuI at ed. = Furt her,

it should be clear that nmore than one ball grid array or strip
along with an associated tooling fixture can be positioned on the wheel for

25 i ncreasi ng 1heﬂﬁgamt0§lﬁbf ;ﬁﬁah@%o@d&?abﬁﬂslﬁn d bl igeidchpay, kggm
figure 8 where 6/ 09744
PCT/ US95/ 12353  apparatus comprising a wheel rotatable about a horizontal axis, means for
attaching a ball grid array to the inner f_a_c_e of said enclosure, means for
5. attaching a tooling fixture to the outer face of said wheel in a position
corresponding to that of said ball grid array, means for forming a reservoir of
solder balls in the bottom of said wheel, means for controllably rotating said
wheel to mové said tooling fixture through said reservoir in a manner to fill
recesses in said fixture with solder balls and'to remove from the surface of
10 said array any excess solder balls which are not occupying recesses, said inner
and outer faces being separated a distance sufficient to permit said tooling
fixture to engages solder balls in said reservoir while said ball grid array does

not engage said solder balls.

2. Apparatus as in claim 1 wherem sald means for attaching comprises

15 . means for attaching a ball grid array strip.

3. Apparatus as in claim 2 wherein said apparatus is cylindrical in

geometry and is rotatable along the central axis of the cylinder.

4. Apparatus as in claim 2 wherein said means for attaching comprises
means for attaching more than one ball grid array strip to said inner surface

20 of said wheel at spaced apart positions on said surface.
.5. A method for filling a ball grid anay-with solder balls, said method

comprising the steps of placing a ball grid array on the inner face of a wheel
rotatable about a horizontal axis, placing a tooling fixture in a corresponding

RECTIFIED SHEET (RULE 91)



9 associated ball grid array and fixture are shown in two
posi tions. Wwo®6/09744 ——differentassociated ball grid arperasssiss

fixtures could be so positioned. : Figure 10 is a flow
di agram of the method JII'HH :Im ll rlll’we’ apparatus of figure .
2. The first block 1200|f* A "m tlﬂl cates that the ball 5 grid

array and the toolingifixture aré sécured to tjge i nner and the outer faces
of the wheel of the apparatus with the recesses facing one another. The

second bl ock 121 T nyaksititnGsn tHeAduteP faceh6daid wheel, &kl tHY Botedmidfrsaid éidosure

second positions at which the fixture is beneath the array and
at whi ch the array with a reservoir of soldencwlls, and: rotasing saidr whesl 30i meve, saidiveheel
third block 122 ingjcates that a reservoir 1Q . | der.bal.lis.Js.
ocated at the tirdres i fRsefraif i s Siptnetla avoid the, BlovBeBPpr sl sl gria
reservoir. Block 1ZgraynéirGthesaid pédervdif spacing between the fixture and the
array i s reduced before the wheel noves to the second position at which

gravity cadses the sol déx bipparatus forofillingom balk gridcamey withosolder ballsssaid
et the posi BphRts ok KRRl ) BPRAIE o B05hS , Byine
‘tooling fixture through said reservoir in a manner to populate recesses in said

tooling fixture with said solder balls, said apparatus é.lso including means for

securing a ball grid array in a position corresponding to that of said tooling

10 fixture, said ball grid array also including recesses therein, the recesses in said

tooling fixture and in said ball grid array facing each other, said apparatus

including means for dropping solder balls in recesses in said tooling fixture

into corresponding recesses in said ball grid array under the force of gravity.

7. Apparatus as in claim 6 wherein said apparatus includes a wheel
15 having an inner and an outer face, said fixture being attached to said outer
. face and said ball grid array being attached to said inner face, said means for

moving comprising means for rotating said wheel.

8. Apparatus as in claim 7 wherein said wheel rotates through first and
second positions at which said fixture is beneath said ball grid array and at
20 which said ball grid array is beneath said fixture, said reservoir being located

at said first position.
9. Apparatus as in claim 8 also including means for moving said fixture
and said ball grid array into juxtaposition before said second position is

reached and after said first position is reached.

25 " 10." A method for filling the recesses in a ball grid array with solder

RECTIFIED SHEET (RULE 91)



Figure 11 shows a schematic sitde—wviewof—awork-cell 210 in accordance
with the sW09B#bodi nent of t e wor k cel | PCH/uiSsI3s3
gantry 211 rotatable about on-a m’m Eiﬂh ﬂjﬂ&“‘y i ncludes a reservoir 215
to the top of which (as viewed i ooling plate 216 and a
backi ng 20 pl ate 217 are secur ed. A ball grid

array 218 is spaced apart frombut aligned witigh the ‘tooli ng
plate. The ball grid array is positioned on riser; cylinder 219 operative

like a lsallse lovated: dn raw artayeobakeesses dn aa rtagling tfixtine tsajt méthod
vmththetoollng pl ate, : ontroll apl The rlser cyli.nder, the
bal | grid array, tPEMRLSNG the SiERS @fc e!ﬁensﬁe!dzlyﬁl grid array a8dsai fixtugs in alpsely

affixed to the ga%n? g ﬁ%ﬁ d;glm Té&&%gﬂm‘fn rﬁ; Edalgé}dfmo

third stages of o s 1he gan ry no es red
WO 96/ 09744 about a circular path through first and seco:n!d:posmons at which sa1d flxture

PCT/ US95/ 12353 . . . .y . .
; is beneath said array and at which said. array is beneath said fixture,

respectively, moving said array and said fixture into said first position such
that only said fixture enters said.reservoir, moving said array and said fixture
to said second position at which gravity acts te t:'ransfer solder balls in recesses -
in said fixture into recesses in said array, and moving said array and said

10 fixture into juxtaposition before said second position is reached.

11. Apparatus for filling a ball grid erray, said apparatus comprising

a reservoir for solder balls and a tooling plate with an array of holes for

receiving solder balls, said apparatus inclqding a gantry rotatable about an

axis, said tooling plate and said reservoir _ﬁeing attached to said gantry and

15 rotatable with the gantry about said axis, §aid reservoir being of a geometry
to hold loose solder balls during said rotation and to spill said solder balls

across said tooling plate during a first range of orientations of said gantry, said

apparatus also including a fixture for securing a ball grid array to said gantry,

said fixture being aligned with said tooling plate rotatable therewith, said

20 fixture including a riser cylinder for moving said ball grid array into
juxtaposition with said tooling plate during a second range of orientations of

said gantry for later transfer of said solder bails from said tooling plate to said

juxtaposed ball grid array when said gantry later moves through a third range

of orientation. -
25 12. A work cell for transferring solder balls from a reservoir of solder

balls to a ball grid array, said work cell comprising a gantry rotatable about

an axis, a solder ball reservoir said reservoir being adapted for holding loose

RECTIFIED SHEET (RULE o1)



10 and eighty to two hundred degrees of rotation.

The r ot at | BIO 9/0974de gam—r—y—&nd—%he—eper—aﬁ on of the vari ous RCIPENSALESS

.herein are described in connection w flgures 12 through 22. The rotation
initially is countercl oiﬂﬂmeﬂu lmlﬁ d by arrows 220 in the figures.
The 5 : sol der b seen to assune different profiles

as the gantry rotates to a 45 dedgrree orientation as shown in
figure 12, and to a 90 degree, a 135 degree, a 180 degree to
200 degree orient aolder ballssimdvalsonbéinguaffixed 30 said gantry and rotatable alrstedfih

respectively. The ogperatjon as sho i.n. figures 11 throu spr eads
the sol der balls i‘%"?‘-?@ tjifé'sé?% dy a %&F‘B&r E)W‘F%tlﬂﬁgga&gg@ﬁ%ﬁmﬂrwmk
figures 15 10 %@dxngba tooling plate, also affixed 96 sdid Qn@fro?}able

rotati on now rever ses as gures

t hrough 21. Speci fthesdwith, saideammamm anlwumludﬁsg albaﬁkgmdsarraplalsecaffmai to said
| oose solder balls in the re erv r as the gan m)VStO‘iuaS 160 degree
orientatioh as sh(ﬂ%l'imi}’nsﬁlﬂgltﬁjbgﬂ .arTde B’é‘ﬁuﬁP&F aPBGI M ARG @ugRed adth saidn,

15 or i ent qhbiiflg Histe®aid 'rolANGIE Wit &iia Yalney, RAP 1 dtlrlg®Platé SadOlailin

tooling plate

=

reservoir being positioned for spreading solder balls from said reservoir onto
said tooling plate during said first range of orientations, said apparatus also
including a riser cylinder for moving said ball grid array into juxtaposition with
10 said tooling plate during said second range of orientations, said ball grid array
and said tooling plate bring positioned for gravity transfer of solder balls to
said ball grid array during said third range of orientations of said gantry.

13. A method of filling a ball grid array with solder balls in a first

work cell including a tooling plate, a ball grid array, a riser cylinder and

15 reservoir, said method comprising the steps of aligning said ball grid array
with said tooling plate, said tboling plate ‘having an array of holes for

receiving solder balls, rotating said ball grid array, said tooling plate and a

reservoir of solder balls through a first range of orientations such that loose

~ solder balls spread over said _tboling plate for populating said array of holes

20 - therein, activating said riser cylinder for moving said ball grid array into
| juxtaposition with said tooling plate during a second range of orientations in
which loose solder balls afe. recaptured in said reservoir and rotating said ball

grid array and said tooling plate through a third range of orientations during

which gravity is operative to transfer the solder balls to a like array of holes

25 in said ball grid array.

14.- Apparatus is in claim 11 wherein said reservoir has a geometry to
contain said solder balls over about a 200 degree rotation of said gantry.

RECTIFIED SHEET (RULE 91)



as shown in figure 18. ——The—gantry nowis entering a .
range of oky@s§)@biLNS Where r| 219 i spoipEdoajihiks t O
nove the ball grid array IntOj ,!aﬂ {’ﬁl&v’lhthetoollng

plate as shown in figure 19. Further ™t ccurs, as shown in figure
20, 20 where gravity begins to becone operative. Figure 21 shows
- the gantry rotated into the range yhere gravity is operative to

drop solder balls fromthe tooling plate to the awaiting (and

aligned) ball grid arrays Apparatus as in claim 11 wﬁb&‘iﬁ%a@%o%ﬁﬁ%’?lét@eis aftb@lite"
(or oscillation) cycle to conpl eted and

returned to the posiid ireseresioum afposition expdsed do ¢hd movement of som ballo &y said

PCT/ US95/ 12353 reservoir during said 200 degree rotating of said gantry.

16. Apparatus as in claim 15 including a controller for rotating said
5 gantry from a reference orientation to between 185 degrees and 200 degrees

in a first direction and back to said reference orientation.

17. Apparatus as in claim 16 wherein said controller is operative to
activate said riser cylinder during said third range of orientations when said

gantry is being rotating back to said reference position.

10 18. Apparatus as in claim 17 includin_g first and second work cells
affixed to said gantry, each of said work cells including a reservoir, a bali grid
array and a tooling plate, said first and second work cell also including first
and second riser cylinders respectively, said controller being operative to
activate said first and second riser cylinders durmg a third range for each of

15 said first and second work cells.

19. Apparatus as in claim 18 wherein said tooling plate for each of
said work cells is nested into the bottom of the reservoir of the respective

work cell.

20. Apparatus as in élaim 19 wherein said reservoir of each of said

20 work cell includes an aperture for receiving and positioning a tooling plate.
21. A method as in claim 13, said method including the steps of

attaching said first work cell and a like second work cell to opposite ends of
a gantry, rotating said gantry such that said first and second work cell reorient

RECTIFIED SHEET (RULE 91



‘11 The operation depl cted in figures 11 through 22 can
be seen t owiD®6/09744 ——d+v1—de~d——+—n{—94@/-eral operati ons: POF/USHS/EA353 s t he
.solder ball spill operat popul ate the tooling plate. This

operation occurs during mﬁ ﬂm mnu lJ gantry orientations
depicted in figures 11 t cond operation 5 is the

novenment of the ball grid array |nto close pregximty to the now

popul ate tooling plate. This operation occurs when the gantry is reoriented
through a second r ah@ughffigt,i seoond,i and thiedi rah @L- oft drieqdonsldt diffsrenh tiates,
The third operation occurs when_ t gantry is rotated through a
third range of activating the risgr: eulindes 0§éﬁldcf1€5(! qqql secgnd axork cellsqdyrin

gravity is operati Y g
plate to the ball ‘égso% é@gnd dlfferﬁﬁm%ﬁﬁ rHiEésszJ‘ gﬁ’éctg@%rﬁv%ﬁﬁh%f@ggf g‘ﬁgé\{l
schematic side and btanp fmmvachftoanﬂgwdtusmf tile associated ball grl‘d)lamndnrilfg thee
i nvention shown in figures 11 through 22. Figure,23 shows

gantry 313 % ot at abRssogked and idifferent thigd FﬁﬂESro PO and second Work
cells 316 and 317 are secured to the gantry at the top and at the bottom as
15 viewed in figure 23. Each of the work cells is as depicted in
figures 11 through 22. I n operating, the work cells are
rotated, as described - her ei nbefore, along a circular path
designated 319 in figure 24. The use of two work cells permts
a doubling of the throughput of the apparatus, one of t he work
- cells always being readied for ball placenment while the sol der balls

RECTIFIED SHEET (RULE 91



20 are being transferred to the ball grid array in the other work

cell. WO 96/09744 Fi gure 25 shows a top view of wor 49533433 Of
figure 23. The figures shows an array pattern of holes In %he
tooling plate receiving solder balls during the operation
depicted in figures 11 through 22. Figure 26 shows the pattern

enl arged. The tooling plate is designated 350 in figures 25 and 26 and 25
the hole pattern is designated 351. J£!g Fi gure 27 shows

enl arged, the tooling plate 370 and Bba&a ng plate 371. WO 96/ 09744
PCT/ US95/ 12353 _ 12
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The tooling plate has an array of sol der ball pockets 373 for r j¥i ng the
sol der ball during the operation of figures 14 through 17.PCT’US928%5¥

Fi gure 28wa96W8844nl arged the area of figure 24 encircled by broken line
380. The figure shows the tooling plate 381 and the backing plate 382 where
5 the tooling plate has an array pattern as shown in figure 26. The
tooling plate al so has a nunber of alignnent pins 383 shown
also in figure 26. 'ﬁquall grid array is nounted on
the riser cylinder as discussed 2 her ei nbefore. The ball grid
array is designated 385 and is positioned in a nesting plate,
in practice, for handling and alignnment. The nesting plate 10 mat es
with the riser cylinder nounting plate 386. The riser cylinder 387

noves the nounting plate and Q?uiéthe ball _grid array into juxtaposition

W th the tooling plat TwRostion i s shown
schematically in figure 19. s comon practice with
ball grid arrays, the arrays ay a flux which is an
adhesive to retain the sol dey \hésSi ve 15 IS
coated onto ball grid a?1 ge

positioning the ball grrd

practice is, i
is aresin based materi al

24t i on - SP291 which

2
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with actuators which is heated to between 100 and 120 degrees Fahrenheit

bef or e appl WO6i09T44 20 The apparatus may be pampUSIs/Ia35F 0
long as it accepts ball grid array strips and in the prototype
stage had di nensi ons of about one by one and one hal f feet.

The operation is controlled by controller 390, as shown in figure 23,

responsive to user input. Qutputs of the ¢o E{oller are connected to inputs
VO 96/ 09744 §/?

PCT/ US95/ 12353 13
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Eo nmotor 315 and to riser cylinder 387 (219 of figure 11 through 22) for
provi di ng wowéwy7epntrol and power froma power source 395. MPpgsdsihsss and
second work cells are affixed to opposite ends of the gantry as shown in

figure 23, the controller is operative to activate the riser
cylinder in each work cell 5 at the appropriate tine in the third
range of orientations for that work cell. . VWile
enbodi nents of the invention have been described in detail it
will be evident to those skilled in the art that the invention may be
enbodi ed otherwi se widhdut departing fromits spirit. . WO
96/ 09744 :
PCT/ US95112353 VWHAT IS CLAIMED | S
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"1. Apparatus for placing solder balls in a ball grid array,_said

appar at us WOA§P97dd ng a wheel rotatable about a horizontal akFYUSHHENS for
cattaching a ball grid array to the inner face of said enclosure, neans for
5 attaching a tooling fixture to the outer face of said wheel in a
position corresponding to that of said ball grid array, neans
for formng a reservoir of solder balls in the bottom of said
wheel , nmeans for controllably rota&b& sai d wheel to nove said
tooling fixture through said reserwdil¢ in a manner to fill

recesses in said fixture with solder balls and to renmove fromthe surface

of 10 said array any excess solder balls which are not occupyi ng
recesses, said inner and outer faces being separated a distance
suf fi ci ent (T PRFRT—SSFrHPOEEE Xt uUre to engages—sol der
balls in sgidr voir whijleTSg| d balljgrid array does not
engage sai q sol{der ball sl| I 2. Apparatus as in claim1l
wher ei n sai\d mejans for attgghijfg| gonpriges 15 nmeans for attaching a
ball grid ayray] strip. i I 3. Apparatus as in claim?2
wherein said apparatus 18'gylijmgdfiical ih geonetry and is
rot at abl e al ongj t he centrr axillg| of thelcylinder.
l .
: I‘ —————— T~
- ad
l 1 =
| =
| 1 =
=] | il <
= i i A
:==T§ el = 4 |
' J - = =
) A ﬂ'l"‘ % | l —
- C — 1 —
' iﬂ E%E ~
E—— ' i . ﬁ ———
il : -1 mem
i 3 o i l!
T= | Ael= .]! (®)
. . _
I ) p IR
,——-‘E IL s
—==:ﬁ! o= | [LL]] N
L I
= T 4a_ﬁ ; e
L e R N
T } P I
, | | s g
' ! { o, =1
LR . ¥
S

FIG.9

RECTIFIED SHEET (RULE 91)



4, Apparatus as in claim2 wherein said neans for attaching conprises
means for WOAH6M9Md nore than one ball grid array strip to SaCWUSINERES3

surface 20

of said wheel at spaced apart positions on said surface.
5. Anethod for filling a ball grid array with solder balls,

sai d net hod

conprising the steps of placing a ball grid array on the inner face of a

wheel

rot at abl e about a horizontal axis, p

| acing a tooling

fixture in a corresponding VE)96/097fW15
PCT/ US95/ 12353 15
.position on the outer face of said wheel, filling the bottomof said -

encl osure
wheel to nove said whee

avoi d the novenent of said bal|l AQIOOLING FIXTURE CLOSELY a

reservoir. 5

with solder balls, said

wth a rFservnrr—U+-sn+ﬂer—bth
PLACE BAbk GRID7»ARRAYIANDs

6.  SPAGERAPART WITH | 11
RECESSES FACING ON THE
INNER AND QOUTER FACES

5, and rotating said
Prvoir in a nmanner to
y 1d0r ough said

Igja ball grid array

OF A WHEEL

l

ROTATING THE WHEEL
THROUGH FIRST AND SECOND
POSITIONS AT WHICH THE
FIXTURE IS BENEATH THE ARRAY
AND AT WHICH THE ARRAY
IS BENEATH THE FIXTURE

121

l

PLACING A SOLDER BALL

POSITION SO THAT ONLY
THE FIXTURE ENGAGES
THE SOLDER BALLS IN

THE RESERVOIR

l

RESERVOIR AT THE FIRST | 122

MOVING THE ARRAY AND THE

FIXTURE INTO JUXTAPOSITION

BEFORE THE WHEEL REACHES
THE SECOND POSITION

123

l

ROTATING SAID WHEEL TO
MOVE SAID ARRAY AND SAID

FIXTURE TO SAID SECOND POSITION /124

WHERE GRAVITY ACTS TO DROP
THE SOLDER BALLS FROM THE
- FIXTURE INTO RECESSES
IN THE ARRAY

FIG. 10
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apparatus conprising a reservoir for solder balls and neans for noving a
tooling fi WQP€g07W4 ough said reservoir in a nanner to popul aPeTHSHARSBS I N

sai d : tooling fixture with said solder balls, said apparatus
al so including neans for securing a ball grid array in a
position corresponding to that of said tooling 10 fixture, said

ball grid array also including recesses therein, the recesses in said
tooling fixture and in said ball grhgqgiray faci ng each other, said

appar at us i ncl udi ng nea r dropping solder balls in recesses
in said tooling fixture into correspondi ng recesses in said
ball grid array under the force of gravity. 7.
Apparatus as in claim®6 mhereigC;QLg,a ratus includes a wheel 15

havi ng an inner and an outer f , Saith fijxture being attached to said

out er face and saijd ballag d|array being attached to said

i nner face, said neans for _ noyi ng conpri sigwp neans for rotating
sai d wheel . : 8. Apparatus as in clemm 7 wherein said

- wheel rotates through first and
fixture is beneath said ball dgrid acrc
grid array is beneath said fixture
“at said first position.

al so including nmeans for novir

second positsons at which said
nd at 20 € which said ball
& r beipag, | ocat ed
Apparatus as in claim38

FIG. 12

211

213

FIG. 11
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and sai d bal grid array into j uxtaposition before said second position is

reached andW@f96489744ai d first position is reached. 25 PCT/US95/12353 10.
A method for filling the recesses in a ball grid array with sol der WO
96/ 09744 _

PCT/ US95/ 12353 16
balls located in an array of recessesyjya tooling fixture, said nethod
conprising the steps of placing said%yg grid array and said fixture in
cl osely spaced apart positions, recesses facing, noving said
array and said fixture about a circular path through first and
second positions at which said fixture 5 is beneath said array
and at which said array is beneath said fixtywe, respectively,
noving said array and said fixture into said g$03|t|on such

that only said fixture enters said reser ng said array and said

mhlch gravity acts to
‘a fixture into recesses

fixture to said second posi {/
transfer solder balls in recesses
in said array, i i

FIG. 16

7
2

216

FIG. 15

217

FG. 14
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10 fixture into juxtaposition before said second position is

r eached. WO 96/09744 11. Apparatus for filling a babpcTwsssh2asy ay,
Sai d apparatus conprising a reservoir for solder balls and a
tooling plate with an array of holes for recei vi ng sol der

ball s, said apparatus including a gantry rotatable about an
axis, said tooling plate and said reservoir being attached to said gantry

and 15 rotatable with the gantry about said axis, said reservoir
bei ng of a geonetry to hol 'ﬁ@ose sol der balls during said
rotation and to spill said solder balls : across said tooling

plate during a first range of orientations of said gantry, said

apparatus also including a fixture for securing a ball grid array to said
gantry, said fixture being aligned with said tooling plate
rotatable therewith, said 20 fixture including a riser cylinder
for noving said ball grid arr/é juxtaposition with said

tooling plate during a secoy i ons &if sai d
gantry for later transfer fro aid tooling plate to
said ] uxt apose i # ol d eggtry | at er noves
through a third range N1 e 5 12.

~—
ald T rvoir of sol der

) sing @fgantry rotatable
"'fﬁir saiEI:eservoir bei ng

A work cell for transfer
balls to a ball grid arra
about an axis,
- adapted for hol ding | oose

FIG. 17
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sol der balls and al so being afflxed to said gantry and rotatable therewith
t hrough first, second, and third ranges of orientations of said gantry,

sai d work cell also including a tooling plate also affixed to
said gantry and rotatabl e therewith, said apparatus al so
including a ball grid array al so affing to said 5 gantry, said
ball grid array being spaced apart f nd aligned with said

tooling plate and rotatable w fh said gantry, said tooling plate and said
reservoir being positioned forg?preading sol der balls from said reserv0|r
onto said tooling ate during said first range of
orientations, said apparatus a including a riser cylinder
for noving said ball grid&r 4 'nto juxtapositign with 10 sai d

tooling plate during sai d¥eq of orient |on§?\bald ball grid .
array and sai d T¢ e bring pobiti &N for gravity
transfer of solder balls to { sai d ball QFIE!TTEW'dUFIHQ sai d
third range of orientations . . 13. A
met hod of filling a ball gri i pa i |l sbia a first
[
N
N
N
P
N
=2,
Ll
i
E -
— S
N ——
N L.
o
g
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Wwork cell includi ng a tooling plate, a ball grid array, a riser cylinder

and 15 WO 96/097secr voi r, said nmethod conprising the steps BETASYSIB530
said ball grid array . with said tooling plate, said tooling
pl ate having an array of holes for recei ving sol der balls,

rotating said ball grid array, said tooling plate and a

reservoi.r of solder balls through a first range of orientations such that
| oose sol der bal I's spread] %’1’5 said tooling plate for

popul ati ng said array of holes 20 therein, activating said riser

cylinder for noving said ball grarray into j uxt aposition
with said tooling plate during afcond range of orientations in
red in said reservoir and rotating said

whi ch | oose solder balls are recp

bal | grid array and § Fegh a third range of
orientations during y aul Vo-to-3ransfer the
solder balls to a like array ~\~-.,“ ' 'dball'grld array.
14. Apparatus is in claim1ill NAE 3 eservoir hag a',g_e_o__ try to
contain said sol der babl s oveRNi Y a 200 degree rof afTgn of baid gantry.
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18 . 06/09744 15. Apparatus as in claiml1l wher ei n PershaPI3sN0
.plate is P 008744 said reservoir in a position exposed to the
novenent of solder balls in said reservoir during said 200
degree rotating of said gantry. 16. Apparatus as in
claim15 including a controller for rotating said 5 gantry from a
reference orientation to between -1qéﬁyrees and 200 degrees in
a first direction and back to said ence orientation.

17. Apparatus as in claim16 wherein said controller is operative to
activate said riser cylinder during said third range of orientations when
sai d gantry is being rotating back to said reference position.

RECTIFIED SHEET (RULE 91)



¢ 10 18. Apparatus as in claim1l7 including first and second

wor k cel | §yq 96/09744 affixed to said gantry, each of sai d pOI/ksesaksss
_including a reservoir, a ball grid - array and a tooling plate,
“said first and second work cell also including first and- second

riser cylinders respectively, said controller being operative to
activate said first and second riser cylinders during a third range for

-~ each of 15 said first and'se?ggfémork cells.
19. Apparatus as in claim 18 wherein tooling plate for each of
said work cells is nested into the bottomof the reservoir of the
respective work cell. 20. Apparatus as in
cl.aim 19 wherein said reservoir of each of said 20 wor k a4
i ncl udes an aperture for receiving and positioning a.tooling platte\
21. A nethod as in claim13, said nethod including the steps of .
attaching said first work cell and a |ike second work cell to opﬁéﬁ!te ends

of a gantry, rotating said gantry such that said firstidand
second work cell reorient —-——
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_through flrst,’second, and third ranges of orientations at different tines,

‘activating the riser cylinder of said first and second work cells during

t he associ ated and different second ranges for affecting
gravity transfer of sol der balls fromeach tooling plate to the
associated ball grid array during th?4/§5 associ ated and different

third range of orientations.
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