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BGA MOULD ASSEMBLY FOR ENCAPSULATI NG BGA SURSTIRMATHES GF

VAI%YI NG THI CKNESS FIELD OF THE | NVENTION 5 Thi s

i nvention relates generally to the field of sem conductor 1Pas packagi ng,
and® particularly to a BGA noul d assenbly which can encapsul at e BGA
substrates of varying thickness w thout damagi ng the substrates, and
W t hout requiring any adjustnents in the assenbly. 10 BACKGROUND COF
THE | NVENTI ON BGA MOULD tASSEMBRYs FORVENCAPSULATING Vel y new

sem conductor device BGA SUBSTHATEScOF WARYING THICKNESS i ng process
than sone of the other 15 simlar devices such as the quad flat packages

(QFPs) and thin quad fl at packages (TQFPs). Currently, BGAs are
produced using PCB t echnol ogy whi ch involves a nulti-coating process.
| nherent in tHAHELR ORUTHE INMENTON process is the probl em of

control li ng t he thickness of final product. Therefore, unlike QFPs,
for instanee, where the thickness can be controlled

This invention relates generally to the field of semiconductor
packaging, and particularly to a BGA mould assembly which can
encapsulate BGA substrates of varying thickness without damaging the
substrates, and without requiring any adjustments in the assembly.

10
BACKGROUND OF THE INVENTION

Ball grid arrays (BGAs) are a relatively new semiconductor device
which utilize a different manufacturing process than some of the other
15 similar devices such as the quad flat packages (QFPs) and thin quad flat
packages (TQFPs). Currently, BGAs are produced using PCB technology
which involves a multi-coating process. inherent in the this multi-coating
process is the problem of controlling the thickness of final product.
Therefore, unlike QFPs, for instance, where the thickness canh be controlled
20 within a tolerance * 0.01 mm, BGA specification typically calls for a
tolerance as high as 0.1 millimeter. So the maximum variation between the
thinneét BGA substrate within the required tolerance and the thickest BGA
substrate within the tolerance can be as high as 0.2 millimeters.
This variation in thickness can create various problems for the existing
25 BGA moulding tools during a clamping operation. A typical BGA moulding
assembly has a top and bottom cavity bars which make direct contact with the
BGA substrate. During a clamping operation, the top and bottom cavity bars

are brought together with the BGA substrate posmoned in between theﬁé bgrs
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20 .wthin a tolerance 0.01 mnm BGA specification typically calls for a
tolerance as high as 0.1 mllinmeter. So the nmaxi mum vari ati on between the

t hi nhest BGA substrate within the required tol erance and the thickest BGA
substrate within the tolerance can be as h2gh as 0.2 mllineters.

This variation in thickness can create various problens for the existing 25
BGA noul di ng tools during a clanping operation. A typical BGA noul ding
assenbl y has arhispclamgirgp toperaticavid gricialsinvthe BGw ifabricationt fooseautingithb

t he BGA substrate. During a clanping operation, the top and bottom
cavity bars substrate befongnesin cgatpoeindiis delivered BGoar bentreitayep da¢ clasnpiogi n
bet ween t he bars. 2

Thi s cl anpi ng QRssatien da impartantital ensurenthagdhes suhsticies aiver et sealehier ofhe
o e e o e PP SO, B4 donon
Suf i ci ont Sl RpliRg Pordumizs loakdon i fecreRinergiig e Feuldbe’ Greratiens &fi ne
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thick, a |eakagpstyed favidg G RAIrOWPFARR of tRERAESS. OFTHIS s Lkdbause when a
substrate is too thick, a leakage may result from improper clamping of the top
10 and bottom cavity bars. In addition, the substrate may be irreparably damaged
if excessive force is exerted in an attempt to fully mate the cavity bars.

Currently, virtually every BGA moulding system uses a dual in-line
system where two sets of BGA substrates are encapsulated at the same time.
This requires two identical sets of cavity bars which must be placed near each

15 other side by side. Both of the cavity bars are controlled by single driving
mechanism, e.g., hydraulic press, and so each bar cannot work independent of
each other. This limitation is particularly problematic when the two substrates
being encapsulated are of different thickness. Since the press has no way of
accounting for the difference in thickness, it attempts to exert the same amount

20 of force on both. Consequently, one of the substrates is over-cramped and
damage occurs.

To prevent the over-cramping from occurring, springs were added to the
cavity bars with each bar being able to exert different amount of force to its
respective substrates. As FIG. 1 demonstrates, the amount of force being

25 exerted onto the substrates is wholly depended on the compression of the

springs which in turn is depended on the thickness of the substrate. So where

a pair of substrates has different thickness, different amount of force is exerted



10 . and bottomcavity bars. In addition, the substrate nmay be irreparably
damaged I f excessive force is exerted in an attenpt to fully mate
t he cavity bars. Currently, virtually every BGA noul ding system
uses a dual in-line system where two3sets of BGA substrates are
encapsul ated at the sanme tine. This requires two identical sets of -
cavity bars which nust be placed near each 15 other side by side. Both of
t he cavity barontaeachsubstvatee dNdig thattheeprings imthe left mowidlassesly aregnuch
hydraul i c press, and so each bar cannot work independent of each
ot her. This | imerexeoroprassegaihan the springspgndbe eight moulthassemilyt wo subst r at es
bei ng encapsul ated are of different thickness. Since the press has no way
of account i ng IPgthensityatians; énpairiaf substRife sy havethe same thic

n bot h. Conse of the subsirates
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of force is exgidréfdre, the substrates in FIG. 2A experience greater clamping force than

the substrates in FIG. 2B.

10 It can be seen from these illustrations that there is no control over the
clamping force in the current BGA moulding systems, and that the force varies
from substrate to substrate. The result is that in some cases, the clamping
force is excessive; in other cases, the force is inadequate. Where there is
excessive force, the substrate is damaged; where not enough force is exerted,

15 there can be leakage of a resin material.

Despite these problems, the spring-buffered cavity bars are the
standard in virtually all of the current BGA moulding systems, and while many
BGAs fail to meet the performance specification, the industry has failed to
provide a BGA moulding system which can eliminate or effectively reduce

20 these problems. Indeed, to the best of the inventor's knowledge, no BGA
mould assembly is currently available which can consistently accommodate
BGA substrates having a wide range of thickness, simultaneously handle a
pair substrates having different thickness, and which can precisely control the
amount of force being exerted onto each substrate. Clearly, there is a need in

25 the industry for a BGA moulding assembly which overcomes these
shortcomings to provide to an assembly which can controllably exert the right

amount of clamping force to each substrate.



onto each substrate. Note that the springs in the left nould assenbly are
much nore conpressed than,the springs in the right nould assenbly.
In other situations, a pair of substrate nmay have the same thickness.
However, their thickness may vary fromthe4thickness of a pair froma
different 5 batch, as shown in FIG 2A and 2B. Note that the substrates

in FIG 2B are much thinner than the substrates in FIG 2A, and
hence, their QBJEQIOOFNPHE INVENTIONS of FIG 2B are much | ess
conpressed than the springs of FIG 2A Therefore, the substrates in
FI G 2A experience greater clanping force than the substrates in FIG
2B. 10 It can be seen fromthese illustrations that there is no
control over the Itis thergfonepthagrimanyebjectiaféhe present irB@ationdo divetcamet ens,
and that the force varies fromsubstrate to substrate. The result is

that in some dheeshomtermingsmsiaigd aboveflgr proyidecrcBSGA veould, whighrcanises,

the force s i nadequate. VWere there_ij excessi,ve force, the
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moul di ng syst ' lof (22 e or effectively reduce 20 these
pr obl ens. Indgggﬁngﬁ¥§%gg§§PB%%ﬁFhe I nventor's know edge, no BGA
moul d assenbly is currently available which can consistently accommbdat e

BGA substrates having a wide range of thickness, sinultaneously handle a
pai r subs{pat GQUMMARY OFfTHENINVENRONS., and which can precisely control

t he anount of force being exerted onto each substrate. Cearly, there
Is aneed in 25 the industry for a BGA noul di ng assenbly which overcones
t hese shortcom ngs to provide to an assenbly which can controllably

exert the right Theaprasent dhveritiomisng fopr BEA meuldhassemblyadfea complete
moulding system which facilitates the handfing of BGA substrates of various
thickness. The present BGA mould assembly still incorporates the dual in-line
15 configuration as in the previous BGA moulding systems as described in the
Background section. However, the it utilizes independent drive mechanisms to
clamp each of the BGA substrates. This is unlike any of the previous BGA
moulding systems where only a single drive, usually a hydraulic press, was
used to clamp both of the BGA substrates. By having an independent drive,
20 the present BGA mould assembly is better able to control the clamping force
exerted on each of the BGA substrates.

The preferred drive mechanism of the present invention is a wedge
press which includes a servo motor, a linear-conversion mechanism coupled
to the servo motor by a driving pulley, driven pulley, and a timing beit. The

25 linear-conversion mechanism converts the rotation motion created by the
servo motor to a linear movement. The linear-conversion mechanism includes
a ball screw, a thrust bearing connected to the ball screw at an end, a nut

encased in a nut housing, the nut screwed into the ball screw, a cam follower



4 OBJECT OF THE | NVENTI ON It is therefore the primary
object of the present invention to overcone the shortcom ngs stated
above to provide a BGA nould which can consi stently accommodat e BGA
suhstrates having a w de range of thl%kness si mul t aneously handle a
pair substrates having different t hi ckness, and which can precisely
control the anount of force being exerted onto each substrate. 10
SUMARY OF THHOT guiding dire nut housing, andm@UBrh@kege gonpeetedole the aut bpusiag
nmoul d assenbl y stemwhich facilitates the

handl i ng of B@CBJ&ICPS‘E’L@OBP' mVmeé“ ol gbﬁf&@@%ﬁ“?ﬂ%ﬂaﬁ@%ﬁn ddba niul d

assenbly still orate dual in-line 15 <configuration as in the
previ ous BGA rh%'lg 41@ Wé’?i‘ % described in the Background secti on.
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5 conversion mechanism by a input lever. The input lever is rotatably joined to
the pull linkage at an end, rotatably attached to a pivot located on a sliding bar
at an opposite end, and rotatably joined to a push linkage in between the two
ends. The push linkage is also fixedly joined to the input wedge. An output
wedge is coupled to the cavity bar and positioned such that a movement by
10 the input wedge causes the output wedge to move in a direction substantially
perpendicular to the movement of the input wedge. A roller cage is disposed
on the top and at the bottom of the input wedge for reducing friction during the
movement of the input wedge As the input wedge moves in a horizontal
direction, the bottom moves in a vertical direction. The output wedge is

15 coupled to a cavity bar which moves with the output wedge.

The wedge press of the present invention facilities high degree of
control over the clamping force on the BGA substrate. The wedge press is
particularly suited for semiconductor packaging processes as the output force
bears a linear relationship with the input force to allow high level of control of

20 the force output, a necessary condition in semiconductor packaging
operations. In addition, unlike a hydraulics mechanism, the present invention
does not utilize any fluids to amplify the force. Therefore, it is highly adaptable
for semiconductor packaging applications performed in a clean room
environment because there is no worry of leakage or other fluid-related

25 problems which may contaminate the environment. Furthermore, because the
present invention can be built using many of the standard components and

custom components which are easy to fabricate, it facilitates virtually



moul di ng systens where only a single drive, usually a hydraulic press, was
used to clanp both of the BGA substrates. By having an i ndependent drive,
20 the present BGA nould assenbly is better able to control the clanping

force exerted on each of the BGA subsgrates. The preferred
drive nmechani smof the present invention is a wedge press which
i ncludes a servo notor, a linear-conversion nmechani sm coupl ed to the

servo notor byn@mdénahdegfréulbpdrati@hl va udowrb@ucn@ﬂdaﬁdtremm@l;bahéxpadi@ve%
l'i near - conversi on mechani sm converts the rotation notion created by the

servo notor tdmplémestationovenent. The |inear-conversion nechani smincl udes
a ball screw,- a thrust bearing connected to the ball screw at an end, a nut
encased in a nut housing, the nut screwed into the ball screw, a cam

fol | oner 5 for

gui di ng t he nBRIFFUSPESCRIRTION, OF THEDRAVINGSted to the nut housing

such that a rotational nmovenent of the ball screw causes the nut and the

nut ousing to nove linearly. An input wedge having a top
and bottomis upl t onver si on nechani sm b

Tever . The i nbie Mefenés éﬂ? lickBfs poproblit osooated it d) BrawHEBEHA:  an
end, rotatabl ¥%alad?|che a pivot located on a sliding bar at an
opposite end, A ]OI ned to a push linkage in between the two

ends. The push | i nkage is also fixedly joined to the input wedge. An output
wedge is coupled to the cavity bar and positioned such that a novenent by

FIG. 2A (Prior Art) illustrates a problem associated with a previous BGA

10  moulding assembly.

FIG. 2B (Prior Art) illustrates a problem associated with a previous BGA

moulding assembly.
15  FIG. 3 illustrates the front view of the BGA mould assembily.

FIG. 4 illustrates the side view of the BGA mould assembly.

20 DETAILED DESCRIPTION OF THE INVENTION

The present invention is a BGA mould assembly which can facilitate the
handling of BGA substrates of various thickness. FIG. 3 and 4 illustrate the
preferred embodiment of the present invention which is the top mould

25 assembly of a complete BGA moulding system. Referring to FIG. 3, the present
BGA mould assembly still incorporates the dual in-line configuration as in the
previous BGA moulding systems as described in the Background section.

However, the present invention utilizes independent drive mechanisms to



10 _ the i nput wedge causes the output wedge to nove in a direction

substantially perpendi cul ar to the novenent of the input wedge. A
roller cage is disposed on the top and at the bottom of the input
wedge for reducing friction during the 7 nmovenent of the input wedge As
the i nput wedge noves in a horizontal direction, the bottom noves in

a vertical direction. The output wedge is 15 coupled to a cavity bar which
nmoves with thelamppedachhvefitfee BGA substrates. Thhisvisdgdikerarss obthe peevioes 8GA
invention facilities high degree of . control over the clanping force on
t he BGA subst rmaouldintheystethgewperssonlysa single plsive; usuiallyl pydrautiesj was used to
sen conduct or packa inézj processes as the output force ~~  bears a |linear
rel ati onshi p wilampithe BGAwsubstiate By hkaviegvan igdependant siriveothe present BGA¢ he
force output, a necessary condition in sem conductor packagin

operations. | ANad; aﬁssm%am beiterable to aemrelstﬁ pingrpr %’%’s@%@mh of

I nvention es. not. utilize any fluids to anplify the force. Therefore,
it is highPy Zﬁé&%p@a’tes for sem conductor packagi ng applications
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o 1 T ARy, U Brotert cins St af the ydraulle pressos, afe et igesly
i nexpensive  guited 50! BERAhRiuldIAg assemblies as they tend to be bulky, expensive,
10 and/or unsuitable for the particular environment which the clamping operations
are conducted under. Hence, the present invention incorporates a wedge
press as its driving mechanism. The details of this wedge press are shown in
FIG. 4. The press is driven by a servo motor 10. Because the desired
movement is linear, a mechanism is needed to convert the rotational
15 movement of the motor 10 to a linear movement. This conversion is achieved
by strapping a timing belt 15 onto a driving pulley 12 of the motor 10 and the
driven pulley 14 of the linear-conversion mechanism 18. The respective
diameters of the pulley 14 the pulley 12 may strategically chosen to achieve a
force ampilification, if such amplification is desired. Although the timing belt 15
20 is preferably used in the present invention to achieve the necessary control,
other connecting devices such as, chains or gears can also be used.
The linear-conversion mechanism in FIG. 4 comprises a ball screw 19
and a nut (not shown) which is encased in a housing 20. The ball screw 19 is
connected to the pulley 14 via a thrust bearing assembly 25 and the screw 19
25 rotates correspondingly with the movement of the belt 15. As the screw 19
rotates, the nut in housing 20 is prevented from rotating, and hence it and the
housing 20 moves translationally as its threading interacts with the threading

of the screw 19. A cam follower 21 fixed to the housing 20 is provided to



BRI EF DESCRI PTI ON OF THE DRAWNGS 5 FIG 1 (Prior Art) illustrates a
probl em associated with a previous BGA noul di ng assenbly.

FIG 2A (Prior Art) illustrates a problem associated with a previous BGA 10
noul di ng assenbly. FIG 2B (Prior Mt) illustrates a problem
associated with a previous BGA ~ rmoul di ng assenbl y. 15 FIG 3
Il1lustrates the front view of the BGA noul d assenbly. FIG 4

i |l ustrates thpidgé e MicnidnttdichSGduBPgl dTiee heobing. 20 is filkly conhédledHd a
DESCRI PTI ON THE | NVENTI ON The present invention is a BGA

noul d assenbl ypulhlinkagea2e akanl endiokthenlinkage 28 awhidhnmoves BaAinasslyt with dke of
various thickness. FIG 3 and 4 illustrate the
housing 19. Rotatably connected via a rotating joint 24 at the opposite end of
the pull linkage 22 is an input lever 23. The input lever 23 rotates around a
5 pivot 26 which is located on a sliding bar 27. At the left end of the bar 27 is a
pre-load spring 37, and at the opposite end is a load cell 35. The sliding bar
27 is placed in a cavity disposed in an extended portion 82 of the top mould
platen 80. The pre-load spring 37 pushes against the sliding bar 27 to provide
a pro-load force on the loadcell 35.

10 Due to the location of the load cell 35, it does not experience the total
force amplification generated by the wedge press, and therefore, the force
measured by the load cell 35 is much less than the actual output force exerted
by the wedge press. However, the force experienced by the load cell is
linearly proportional to the output force, and therefore, the actual force is

15 calculated from the reading of the load cell measurements by a micro-
controller (not shown) connected to the load cell 35 which takes into account
the force amplification achieved by the wedge press.

An input wedge 50 is firmly connected to an end of a push linkage 30,
and the push linkage 30 is rotatably connected to the input lever 23 in between

20 the joint 24 and pivot 26 at its other end. Although the pull linkage 22 can be
directly connected to the input wedge 50, it is preferred that the input lever 30
of the type shown in FIG. 4 be provided. The input lever 30 serves three main
functions. First, it facilitate force amplification through its leverage. Second, it
creates distance between the servo motor 10, which can create unwanted

25 heat, and the BGA moulding area. And third, it allows the press to be stacked
vertically manner in a space-efficient manner. Efficient use of space is

important in a BGA mould assembly, as space is highly constrained.



preferred enbodi nent of the present invention which is the top nould 25
assenbly of a conplete BGA noul ding system Referring to FIG 3, the

pr esent BGA noul d assenbly still incorporates the dual in-line
configuration as in the previ ous BGA groul di ng systens as described in
t he Background secti on. However, the present invention utilizes

I ndependent drive nechanisns to

7 cl anp eacthenpubwedgl sHPRiudesas slopltgstops51id bRomB2,A wide end

previ ous BGA nmoul di ng systens where only a single drive, usually

hydraul i cs, wess,usellat Sarrow end: banPAlttisudbChersy lisé matsh. lifkagea30 rig preferably

I ndependent drive, the present BGA nmoul d assenbly is better able to
control the clcommeoted torthe wedged 80 abtheewide erfid 535it iBalsoqndssibiaite sonnect to
Various types of driving nmechanisns are theoretically possible to
facilitate thdhermarpemdnd 54cthough this waelddequire rsome adiisimpntsgirofrgasditen.
However, the present systens such as the hydraulic presses_are pot ideﬁlly
sui ted for SBAhewenfigutationxd the outpui e @.eAdtopgolier eageyo 1%9[%&#9%, €10
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mot or 10. Beca}'lé Ecég Et're{]lnes?ai\tlroen%ll movement of the bottom wedge 50. Roller cage is a
commercially available product which comprise a set of rollers disposed in a

10 solid support. In this preferred embodiment, it is left floating between the parts,
though it can be fixed onto the input wedge, the output wedge, or the block
body 75. It should be understood that while pre-fabricated caged rollers are
preferred because of its ease of use and implementation, other types of rollers
or friction-reducing devices can also be used in place of the roller cage.

15 Below the bottom roller cage 70 is an output wedge 60 having a sloping
top 66, a bottom 67, a wide end 68, and a narrow end 69. The input wedge 50
and the output wedge 60 have complementary shapes such that the sloping
top 66 of the output wedge 60 and the sloping bottom 52 of the bottom wedge
50 are approximately parallel to each other. Therefore, the bottom wedge top

20 51 and the output wedge bottom 67 are also substantially parallel to one
another. The output wedge 60 moves vertically as the input wedge 50 moves
horizontally.

Firmly attached to the wedge bottom 67 is a fioating block 85 which
serves primarily to prevent wear-and-tear on the bottom wedge 60. Hence,

25 floating block 85 should be made of a wear-resistant material and be easily
replaceable. Connected to the floating block by a ball joint is an output lever
90 which is joined to pressure pillars 95. At the other end of the pressure

pillars 95 is a supporting block 115 which spreads the force of the pressure



novenent is linear, a nechanismis needed to convert the rotational 15
nmovenent of the notor 10 to a |inear novenent. This conversion is achieved
by strapping a timng belt 15 onto a driving pulley 12 of the notor 10 and
t he driven pulley 14 of the |inear-cdfversion nechani sm 18. The
respective di aneters of the pulley 14 the pulley 12 may strategically
chosen to achieve a force anplification, if such anplification is
desired. Al thqilgrst9ovénawgdesiurfats 26a sosaptaepravabt damage tortheHopmayitynt
i nvention to achi eve the necessary control, ot her connecting devi ces
such as, chai rearci20gwhich dirgetly interfaces with the BGA substratest Springs 125 (shown

| i near - conversi Qn nechanismin FIG 4 conprises a ball screw 19 and a
nut (not showdy "ﬂﬁcﬁ qre ‘ﬁ?ﬁ%ﬁ%ﬁbﬁwe&"h@%%ﬁ@yﬂﬁr ‘rﬁ%aaamt'e SUppQrting bloc
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to the housing 'S provrde _ _ _ _
gonnect edg?gd?kh%rﬁﬁw %ﬁgbg@ggaéﬁmhﬁg%ﬂ?%ﬁ%g?ét r}r/\ﬂ/hiych
oSS oo o o4 1S ok By ter 9 o plssaro s 9, Yupoing
input |ever 23plodke15namd theeeavityBar P20 nesvesr solindady with the output wedge 60.
10 Because of the force amplification achieved by the wedge assembly, the
output force can be made to be many times greater than the input force.
Providing the frame support for the wedge press is the block body 77,
top mould platen 80, and the deflection block 100. A top heat platen 110 is
provided near the cavity bar 120 to provide heat to the BGA substrates during
15 a clamping operation. Because this heat is undesirable for the wedge
mechanism, a top insulator plate 105 thermally separates the wedge
mechanism with the top heat platen 110.
The wedge press of the present invention facilities high degree of
control over the clamping force on the BGA substrate. The wedge press is
20 particularly suited for semiconductor packaging processes as the output force
bears a linear relationship with the input force to allow high level of control of
the force output, a necessary condition in semiconductor packaging
operations. In addition, unlike a hydraulics mechanism, the present invention
does not utilize any fluids to amplify the force. Therefore, it is highly adaptable:
25 for semiconductor packaging applications performed in a clean room
environment because there is no worry of leakage or other fluid-related

problems which may contaminate the environment. Furthermore, because the

present invention can be built using many of the standard components and



5 pivot 26 which is located on a sliding bar 27. At the left end of the
bar” 27 is a pre-load spring 37, and at the opposite end is a | oad cel
35. The sliding bar 27 is placed in a cavity disposed in an extended
pordion 82 of the top nould pl aten 8@1 The pre-load spring 37 pushes
agai nst the sliding bar 27 to provide a pro-load force on the | oadcel
35. 10 Due to the location of the load cell 35, it does not
experience theustéml compongn®s ORhithPlard | 6ady Q0 fbIivaté cit Pacilitresedaeally
press, and therefore, the force measured by the load cell 35 is much

| ess than the mainteharod-free bpeeionx aapidl productinn,t ard welktévely daexpeélosieeer
the force experienced by the load cell is linearly proportional to the
out put force, impiemestadibore, the actual force is 15 calculated fromthe
reading of the |load cell neasurenments by a mcro- ] controller 4not
shown) connect ed t dt sheulchhe usrerstsodive thess skillesk in dbe cattthat whilg,dhe
force anplification achieved by the wedge press. An, 1 nput
wedge 50 i8 finrﬁieyr%awbeﬁwntdw%bmggﬁcr@%éw A% RayaY 96 fully lecfé,wgc Re
push |inkage 30 is rotatably connected {0 thﬁPin ut | ever,.23.n bet gn 20
the joi nt 24 Y fir maKe:andiuse; e gpiesent iyenfiohy Galipns odiigations, gagdiiots
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bet ween the servo notor 10, which can create unwanted 25 heat, and the BGA
noul ding area. And third, it allows the press to be stacked vertically
manner in a space-efficient manner. Efficient use of space is



important in a BGA nould assenbly, as space is highly constrained.

9
a w de end

Is gpreferably

The i nput wedge 50 includes a sloping top 51, a bottom 52,
53, and a narrow end 54. Although here, the push Iinkage 30
connected to the wedg#250 at the wide end 53, it is

al so possible to connect to t he narrow end 54, though this would
require sone adjustnents in regard to 5 the configuration of the output
wedge 60. A t@LAPMSr cage 75 is placed at the top 51 of the wedge
50 and the bottomroller cage 70 is placed at the bottom 52 of the
wedge 50. The function of the roller cag cunare friction-
reduced transl ational novenent of the bo (I IIer cage is a
commerci al |y dGiaimabl e product which co I | ers disposed in
a 10 solid support. In this preferred enbodi nent, |t i's left floati ng

bet ween the parts, t hough it can be fixed onto the I nput wedge, the

out put wed
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ickness, salo[ asglepmbsiy awrng a dual in-line cavity bars which clamp BGA

substrates during an encapsulation process, said mould assembly comprising:

a first drive mechanism for controllably applying clamping force to a first
cavity bar;

a second drive mechanism for controllably applying clamping force to a
second cavity bar;

whereby said first mechanism and said second drive mechanism can
control said first cavity bar and said second cavity bar independently from each
other.
2. The BGA mould assembly as recited in claim 1 wherein at least one of
said first and second drive mechanism comprises:

a servo motor;

a linear-conversion means coupled to said servo motor for converting a
rotation motion created by said servo motor to a linear movement;

an input wedge having a top and bottom coupled to said linear-
conversion means such that said input wedge moves correspondingly with
said linear movement generated by the linear conversion means,

an output wedge coupled to the cavity bar; said output wedge situated
such that a movement by said input wedge causes said output wedge to move
in a direction substantially perpendicular to the movement of said input wedge;

a friction-reducing means disposed on said top and bottom of said input
wedge for reducing friction during the movement of said input wedge; and

a supporting frame for said drive mechanisms.



or friction-reducing devices can also be used in pl cage
15 Bel ow the bottomroller cage 70 is an outp mﬂﬁm ‘!‘1&‘1

sl opi ng top 66, a bottom 67, a wi de end 68, and u“ The
i nput wedge 50 and the output wedge180 have conpi erfentarV sshapes such
that the sl oping top 66 of the output wedge 60 and the sl op| ng bottom

52 of the bottom wedge 50 are approximately parallel to each other.
Ther ef or e, 1t he8.bot tTe moliskassamBl) asSrecited i bhaim2 furtheredgsprisitd arfoad celle

al so substantially parallel to one anot her. The output wedge 60 noves
verti cal | y2as posétianepusucheiiigt it3oeasures force whiohiis prapgrtignal to an output force
Firmy attached to the wedge bottom 67 is a floating block 85 which

serves pri farigfysaichdhye afisat.- and-t ear on the bottom wedge 60. Hence, 25

floating bl ock 85 should pe made of a resj st nt materi al, and be easily
repl aceabl &, dbnnec cl%%semlz!maﬁrrgc'tﬁ%wlwa yether ¢UPPASING: an out put

| ever 90 which, i dt pillars At ,the other end of
t he pressu?e apﬁqplst():éag Rﬁ;tepsaoscpp F?g}qVﬁﬁéI%P%‘ﬂwgqaﬁ Rﬂl ch spreads the
force of tge press

i1 1ars o5%over ol IRP Ipaler Plte ogatedabave, saikIgp Ak platen torthermply
cavity 4 OUoltfetil i, AsEhbish 4 SEEARRS MbbiiliaeBoA substrates.

Springs 12 I spose ween' the cavity bar 120
and the supporg ing Tkﬂeoﬁ'}&uld assérﬂélgtéé R ihGaif?8 wiferdfif saCséMo! thdtdras®

position after a clanping operati
2 coupled to said linear conversion means by a driving pulley, driven pulley, and

a timing belt.
6. The mould assembly as recited in claim 2 wherein said linear-
conversion means comprises:

a ball screw;,

a thrust bearing connected to said ball screw at an end;

a nut encased in a nut housing, said nut screwed into said ball screw;

a cam follower for guiding said nut housing; and

a pull linkage connected to said nut housing,

whereby a rotational movement of said ball screw causes the nut and

the nut housing to move linearly.
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7. The mould assembly as recited in claim 6 wherein said input wedge is
coupled to said linear-conversion means by a input lever, said input lever
rotatably joined to said pull linkage at an end, rotatably attached to a pivot at

an opposite end, and rotatably joined to a push linkage in between said ends,

a b~ W N

said push linkage also fixedly joined to said input wedge.

—h

8. The mould assembly as recited in claim 2 wherein said output wedge is

N

coupled to said cavity bar by a floating block fixedly attached to said output

w

wedge, an output lever joined to said floating block by a ball joint, said output



5 The springs 125 in the present invention does not serv or

simlar function of the springs in the priofr apt.«.s )t e t hey
were used to prevent over-cranping so as to agmwgg e m BGA
suhstrat es. The floating bl ock485, out cever ®0,s t He
pressure pillar 95, supporting bl ock 115, and the cavity bar 120 noves

colinearly with the output wedge 60. 10 Because of the force anplification
achi eved b# t Hevergdipeddnsmebsyre piltars at an end,pand & suppoding eckedenecteddo
many tines greater than the input force. Providing the franme
support fob tsaidvprssupe pillars st ameppositekenddy 77, top noul d pl aten
80, and the deflection block 100. A top heat platen 110 is_,_ . , provided
near the clvitd barTheomoulsl assambly asagcited in plaim@wherain saidbictigniraduaing
cl anpi ng operation., Because this heat is undesirable for the wedge

mechani sm ¢a tB@AMHSO4ROFaYFat e 105 thernml |y separates the wedge

or esent I nbentitbn U1 PEF ol gRcermghcas troited in dajmy | YRaTGRr ot kst PR

force on the r.at - : ' particularly suited for
sem conduc orI%E@Lﬁ%g%h&as&?88§r§’§'¥§qﬂ§&?ﬁ?‘l§§€$ﬁlp@8?ce bears a linear
relationshép wWth t '8 .orce to allow high |l evel of control of
the force output, a necessary condition in sem conductor packagi ng

operationsg In addig |jq8ar-tépdrSion ﬁ\\é?f\ﬁrﬁ(fub‘fed‘r% d i/s%mde hﬁo@?ﬁﬁatdri\g?%r .

I nvention does not utilize any s'to anpli orce.” Ther

it is highty @y adMieerepulidy?andedMtindiys Bk 96r ékﬂﬁﬂé@!ﬂigﬂﬁ reftiohaRbtiem ereated

performed in a clean room envi ronnent because there is no worry of
| eakage orgot g shidusdricehiitod to a lineap thevemaht, cdaidHinezowionversive mbans
envi ronment. Furthernore, because the present invention can be built
usi ng many7of indladisigandard conponents and
8 a ball screw;
g a thrust bearing connected to said ball screw at an end,
10 a nut encased in a nut housing, said nut screwed into said ball screw;
11 a cam follower for guiding said nut housing; and
12 a pull linkage connected to said nut housing;
13 whereby a rotational movement of said ball screw causes the nut and

14 the nut housing to move linearly;

15 an input wedge having a top and bottom coupled to said linear-
16  conversion means by a input lever, said input lever rotatably joined to said pull
17 linkage at an end, rotatably attached to a pivot located on a sliding bar at an
18 opposite end, and rotatably joined to a push linkage in between said ends,
19 said push linkage also fixedly joined to said input wedge;

20 an output wedge coupled to the cavity bar; said output wedge situated
21 such that a movement by said input wedge causes said output wedge to move
22 in a direction substantially perpendicular to the movement of said input wedge;
23 a friction-reducing means disposed on said top and bottom of said input

24  wedge for reducing friction during the movement of said input wedge; and



custom conponents which are easy to fabricate, it facilitates virtuall
mai ht enance-free operation, rapid production, and rela ﬂmm Wm

i npl enent ati on. It should be unqgrstood by thoﬂ“l m ‘L
art that while the 5 preferred enbodi nent“has been desc \ay
of fuIIy di sclosing a way to make and use the present “i nventi on,

e R S el N BN, T e B o 1
| nvent| on &Ald'I\}BCl OlsnederA é%gfﬁ erm@g%fn'%&%ggtﬂaﬁmdlodfu&@%ﬁ‘BW"lsmg a
encapsul athng |G SAPHisFS&R Yn ¥3id 'diding bar to measure a force which is

3 proportional to an output force of said driving mechanism.



2 thickness, said assenbly having a dual in-line cavity bars which clanp
BGA 3 substrates during an encapsul ation process, said nould assenbly

conpri si ng: 4 a fi rst drive mechanismfor controllably applying
clamping force to a first cavity bar a second drive
mechani smfor controllably appl yi ngKBlsafﬂAﬁngor ce to a 7 second cavity

bar; 8 whereby said first nmechani sm and said second drive

mechani sm can 9 control said first cavity bar and said second cavity bar

i ndependent |y fromBGAhMOULDIASSEMBLY. FORhENSOAPSULATING enbl y as
recited in claim1l \B@GAiSUBSTRATESoOF WARYING dTHICKNESS! second drive
mechani sm conpri ses: 3 a servo notor; 4 a | inear-conversion
nmeans coupl ed to said servo m)tor for converting a 5 rotation notion
created by said servo notor to a linear an |aﬁut wedge

having a top and lb&%m%ﬁ@se:ampbr which qam{égﬁtate high,degres; frcant §V§Dch
that said input vved ves correspondingly with said | ] nea m)ve
gener at ed baﬁFrFéamP eﬁéﬁoﬁﬁ}% oévarymg %mk&\?sﬁut’%‘ ‘5)95’(?6‘9 upI ed
to the cavity. bar; said sit.u .tedl such .t hat e by
said i nput Brae'scpo{aglgsdﬁa{ Eamﬁ’ﬁﬂ?e deigh g eaiy oatS Wnick bl e B
substanti al | di t Y
2Pri ot on: URRERRE rahd Rive MechEnBRY ElRdhede B WORSSRREE 2 B 15
""Edge for r‘?ﬂb‘fdr”%nprécﬂ@ ap. o b&%ﬁ B cgpa‘fﬁéiﬁ”émﬁﬁe&%%bné’é%‘“ﬁ%@&r tgnd
pportin rane or ARV et
convert the rotation motion of the motor to a linear movement. An input wedge
is coupled to the linear-conversion mechanism such that the input wedge
moves correspondingly with the linear movement of the linear conversion
mechanism. An output wedge is coupled to the cavity bar and positioned
such that a horizontal movement by the input wedge causes the output wedge
to move downwards. A rolier cage is provided at the top and bottom of the

input wedge to reduce friction.

FIG. 4



1 3. The nmoul d assenbly as recited in claim2 further conprising a | oad
cell 2 positioned such that it neasures force which is proportional to an
output force 3 of said drive nechanism 1 4. The noul d assenbly as
recited in claim2 further conprising:lié a top heat platen di sposed
above said cavity bar; and 3 a top insulator plate |ocated above
said top heat platen to thermally 4 separate the top heat platen and said
drive nmechanisns. 1 5. The noul d assenbly as recited in claim2 wherein
said servo notor is 2 coupled to said |inear conversion neans by a driving
pulley, driven pulley, and 3 a timng belt. 1 6. The nmoul d assenbly as
recited in claim2 wherein said linear- 2 conversion nmeans conprises: 3

a ball screw, 4 a thrust bearing connected to said ball screw at an
end; 5 a nut encased in a nut housing, said nut screwed into said
ball screw, 6 a camfollower for guiding said nut housing; and 7

a pull linkage connected to said nut housing, 8 whereby a rotational
novenent of said ball screw causes the nut and 9 the nut housing to nove
linearly. 1 7. The moul d assenbly as recited in claim®6 wherein said

i nput wedge is 2 coupled to said |linear-conversion neans by a input |ever,
said input lever 3 rotatably joined to said pull |inkage at an end,
rotatably attached to a pivot at 4 an opposite end, and rotatably joined
to a push |inkage in between said ends

-1G T



5 said push linkage also fixedly joined to said input wedge. 1 8. The
moul d assenbly as recited in claim2 wherein said output wedge is 2
coupled to said cavity bar by a floating block fixedly attached to said
output 3 wedge, an output lever joind# to said floating block by a bal

joint, said output "4 lever joined to pressure pillars at an end,
and a supporting block connected to 5 said pressure pillars at an opposite
end. 1 9. The noul d assenbly as recited in claim2 wherein said

friction-reducing 2 means is roller, cage. 1 10. The BGA nould

assenbly as recited in claim1l wherein at | east one of 2 said first and
second drive nechani sns conprises: 3 a servo notor; 4 a
| i near-conversion_neans coupled to saild servo notor by a driving 5
pul | ey, driven [pull ey, g<=ttTTing belt fgr—e Eri4+npy a rotlati on notion
created 6 by daid se gt g a lijnear id |inear-conversion
nmeans
[ 1
- = - =
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7 I ncluding, 8 a ball screw, 9 a thrust bearing

corthected to said ball screw at an end; 10 a nut encased in a nut
housi ng, said nut screwed into said b§¢4 screw, 11 a cam fol |l oner
forg guiding said nut housing; and 12 a pull linkage connected to
said nut housing;, 13 whereby a rotational novenent of said bal

screw causes the nut and 14 the kit housing to nove LipRarly; 15
an input wedge having a top and boytom coupled to safd linear- 16

conversion nmeans by a input |eyE 0 ot at ably joined to
said pull 17 |inkage at an end, ' ol a pivot |ocated on a
sliding bar at an 18 opposité¢ 3 ed to a push |inkage
in between said ends, 19 said i nkapetal so fixedly joined to said

I nput wedge; 20 an out pyt ¢ avity bar; said

out put wedge situated 21 suchf|t
sai d out put wedge to nove 22 igma direcis plal |y perpendicular to
t he novenent of said input wedge. 23 1 a frictionfreducing neans
di sposed on said top and botto ' but ~2A—wmedgle for reducing

of
friction during the novenent of I I I I
i !
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15 25 a supporting frame for said drive nechanisns. 1 11. The
BGA nmoul d assenbly as recited in claim10 further conprising a 2 |oad cel
di sposed on said sliding bar to measur g2 force which is 3 proportional to

an out put force of said driving mechani'sm
/!0
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