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ELECTRONI C MODULES MANUFACTURI NG The present invention relates qogp?4? Uy
manuf acturing of electronic nodules and nore particularly to a nmethod for

i mproving the handling of the nodul es during manufacturing processes. The
recent devel opnents in the technol ogy of manufacturing processes of the

el ectroni ¢ packages caused the human intervention to be nore and nore
limted. The handling of the conponents is alnost totally done by automatic
machi nes. For exanpl e the picking and placing of electronic nodules to be
nount ed on appropri ate subst EERCE8ONIS MIPUERSCYAUFNTURKGal | y control | ed and
performed by machi nes. A typical equi pnent used in the manufacturing of

el ectroni ¢ packages |s..a.vaguum. pi ¢k 4R Wi 6 hasea.00%3! & endipg wth a
flat surface having a holein
modules ‘and more particularly to a method for improving the handling of

the modules during manufacturing processes.

The recent developments in the technology of manufacturing
processes of the electronic packages caused the human intervention to be
more and more limited. The handling of the components is almost totally
done by automatic machines. For example the picking and placing of
electronic modules to be mounted on appropriate substrates is an
operation usually controlled and periormed by machines. A typical
equipment used in the manufacturing of electronic packages is a vacuum
pick up which has a nozzle ending with a flat surface having a hole in
the middle. When the nozzle is brought near the component to be picked
up, vacuum is applied through the hole and the component is firmly tight
to the nozzle and can be easily moved. This method has been proved to be
very reliable and highly flexible, because it can be applied to
components having a wide range of dimensions. A problem with the above
method is that the component to be pickéd and placed must have a flat

surface and this is not always possible.

Let’'s consider, as an example, the case of the Plastic Ball Grid
Array (P-BGA) technology. This technology uses Printed Circuit Board
{PCB) laminates as substrate for the manufacturing of electronic modules
which can be of the Single Chip Module (SCM) type or Multi Chip Module
{(MCM) type. These modules are provided with a plurality of conductive
pads for the electrical connection with electronic circuits {such as
mother boards, back planes, application boards). The electrical
connection is achieved by little spherical portions of solder alloy which
give the name of Ball Grid Array (BGA) to this kind of electronic module.
These modules are usually called Plastic Ball Grid Array. The definition
"Plastic" indicates the flexible nature of the PCB as opposed to a
ceramic substrate.

Fig. 1 is an exaemple of a section of a 3GA module of the MCM type. .
On the lower face of the laminate 101 there is a pluralityv of conductive
pads each pad provided with & solder ball 104 which will be put in
contact with an electronic circuit:énd reflowed, thereby realizing the
electrical connection. On the upper face of the module there are the

active elements 102 protected by a resin cover 103 which is placed during



the m ddle. Wien the nozzle is brought near the conponent to be picked up,
vacuumis applied through the hole and the conponent is firmy tight to the
nozzl e and can be easily noved. This nethod has been proved to be very
reliable and highly flexible, because it can be applied to conponents
having a wi de range of dinensions. A problemw th the above nethod is that
t he conponent to be picked and placed nust have a flat surface and this is
not al ways possible. Let's consider, as an exanple, the case of the Plastic
Ball Gid Ar r.ay - BGA) technol ogy. This technol ogy uses Printed Crcuit
Board (PCB) 1A A aE aP s ibser arE™s0r t Y Ke it BF S P IR ot "2 FEE Poni ¢

modul es whi cHeBefitshil3opn tthe Siirfite Shspravbd@hie (SEN) it gereserryMidt i Chi p
Modul e ( MCMprby@e.ind hes eacipelikesi cas e opravh determbl Rndi fehtdnal i dny c0f
conductive module shown in Fig. 1 the Blob Top {also called Glob Top) method has
been used. With Blob Topping a fluid resin is dispensed at relatively low
temperature {usually lower than 90 C). Fig. 2 is a top view of the

package of Fig. 1.

With the electronic packages described above the use of a vacuum
pick up is not suitable because of the irregular surface of the modules.
On the other hand, substituting the above described glob topping with a
flat surfaced topping could sometimes involve some problems. In the case,
for example, of MCM modules described in the example above, the attempt
to cover all the chips on the substrate with a single flat cap using
liquid encapsulant would cause "warpage" problems. Package warpage is a
very well known effect and it is mainly due to the difference of the
Coefficient of Thermal Expansion (CTE) between the different materials
used in the manufacturing of the BGA modules (e.g. resin of the topping
and silicon of active @evices). The temperature at which the resins for
the encapsulants are dispensed is highef_than the utilisation temperature
and the resins usually reduce their volume after polymerisation. This
means that the temperature decrease causes a shrinkage of the resins
which determines a tension build up in the module when it is cooled frecm
the processing temperature down to the room temperature; the mocdule at
the end of the assembly presents a deformation with the four ccrners of
the laminate lifted with respect to the center. This is the above
mentioned warpage effect, which can impact long term reliability of the
module and cause problems in card assembly because of the non-ccplanarity
of the balls or leads: peripheral balls or leads might not touch solder
screen printed on the board thus leading to an open circuit cordition
after reflow. To reduce the warpage effect each single silicon chip
assembled on a MCM module must be separately covered with a resin cap in
the way described above thus obtaining a non flat top surface with a

pilurality of distributed ¢lob top mounds.

An alternative solution would be the use of tools which ¢rip the

<

modules along their sides. This sclution has however some drawsacks due
to the fact that a custom designed pick up tool is needed for each
different module. Furthermore some modules could be not suitable to be

picked up through the sides due to the particular shape.



pads for the electrical connection with electronic circuits (such as not her
boar ds, TbaSkeeqdﬂcaBe@Rea dication boards) . The electrical connection is
achi eved rical portions of solder alloy which give the nane
of Ball ) to this kind of electronic nodule. These nodul es
are usual ast ic Ball Gid Array. The definition "Plastic"

I ndi cat es the erX| bl e nature of the PCB as opposed to a ceram c substrate.
Fig. 1 is an exanple of a section of a BGA m)dule of the MCMtype. On the

| ower face of the | am nat e 101 J.8..8 ty ductive pads each
pad provided with 3 1ssolaaeor % Wi e Pmlé m i u? "ﬁ\ig(gc]ont&%{:é\%n 0‘Joth an

el ectroni c ci'feqt t2LasitaFet ItBi’NéHO"ec ﬁé‘?“i?ﬁi)‘sreal | zi ng the el ectri cal

connection. On the upper face of the nodule there are the
According to the present invention we provide an electronic module

having a non-flat top surface characterized in that it further comprises
a flat feature for facilitating the automatic picking of the module

during the manufacturing process.

Further according to the present invention we provide a method, in
the manufacturing of electrcnic modules having a non-flat top surface, of
adding a flat feature for facilitating the automatic picking of the

module by means of picking tools.

Figure 1 is a schematic representation of a prior art BGA module;
Figure 2 is a top view of a prior art BGA module;
Figure 3, 4 and 5 are schematic representation of preferred

embodiments of the present invention.

According to a preferred embocéiment of the pres%nt invention, to
overcome the problem of the non-flat tob surface, a flat feature is added
to an electronic module in order to aliow to be picked with standard
picking means requiring flat surfaces. This flat feature can be realised
with different shapes and materials and attached to the module with
different methods to fit different mocdule shapes and satisfy different

requirements.

with reference to Fig. 3 a preferred embodiment of the present
invention is shown. On the MCM module represented four components 103 are
attached on the substrate ané each one is covered by a protective resin
cap of irregular shape. In the middle of the module substrate there is a
portion free from components where a mushroom shaped stud is placed. This
mushroom stud can be either permanently fixed (e.g. glued) or removably
attached (e.g. press fitted) on the mecdule. The flat surface allows the
rodule to be picked up by a vacuum pick up machine or by all <he picking
tcols requiring a flat surface.In case of press fitting, the stud can be
easily removed after assembly cf the module in order to reduce the
profile of the final package. This is particularly useful when space

saving is a critical requirement.

Fig. 4 shows a different embodiment of the present invention. In

this case a free central portion is nct available. A round cap 401 as
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~active elenents 102 protected by a resin cover 103 which is placed during
2 the manufacturing process i mediately after having nounted the active
el enents 103 on the | am nate substrate. This cover is necessary for
protecting the active devices 103 fromexternal environment. In the nodul e
shown in Fig. 1 the Blob Top (also called G ob Top) nethod has been used.
Wth Blob Topping a fluid resin is dispensgd at relatively | ow tenperature
(usually lower than 90 C). Fig. 2 is a top view of the package of Fig. 1.

also represented in Fig. 5 is useé. The cap 401 is connected to the

module substrate 101 through four spacers positioned along the four sides

of the substrate 101 in the middle. This position should minimise the

impact of the module warpage on the disc. In the example of Fig. 4 the

cap is press fitted and then removable, but could as well be glued or

permanently fixed in any different way (e.g. rivetted).

The material used for the manufacture of the stud or the cap ¢of the
preferred embodiments described above can be any light weight material
(e.g. plastic), but in case the MCM module has a high generation of heat
a2 highly thermal condﬁctive material could be employed. In this way the
cap or the stud work as finned heat sinks. The space between the cap ang
the electronic components can also be filled with resin or thermal

grease.

If a metallic material is used for the manufacture of the disc cap
401, a RFI (Radio Frequency Interference) shield can be realised by
connecting the metal disc to the Ground signal plane/network. A Fraday

Cage could also be realised.

Another possible additional use of the cap 401 is to print on it
the idencification data of the module, otherwise very difficult to be

placed in case of a plurality of distributed giob top mounds.



Wth the el ectronic packages described above the use of a vacuumpick up is
not suitable because of the irregular surface of the nodules. On the other

hand, subs e described glob topping with a flat surfaced

t oppi ng coﬂlﬂll’s‘mnﬂﬂumﬂtol ve some problens. In the case, for exanple, of
MCM nodul es”® de'scrti b8d #n the exanpl e above, the attenpt to cover all the
chips on the substrate with a single flat_cap using liquid encapsul ant

woul d cause "war page" probl ens. Package warpage is a very well known effect
and it is mainly due to the difference of the Coefficient of Thermnal

Expansi on (CTE) between the different n#22¥§ als used in the manufacturing
of the BGA nodules (e.g. resin of the topping and silicon of active

devices) . The tegperalurg K\oéﬂﬁb%vl&ear&ﬁlﬂ%c c% &P%&“&%%&'a@@e% are

di spensed i S, h| gher_t han t he utilisation tenperatu ]
at” it further comprises a flat featur (301, 401) for facilitating the

automatic picking of the module during the manufacturing process.

2. The electronic module of claim 1 wherein the flat feature is

mushroom shaped (301).

3. The electronic module of any preceding claim wherein the flat

feature (301, 401) is positioned in a central portion of the module.

4. The electronic module of claim 1 wherein the flat feature has

substantially the shape of a disc (401).

5. The electronic module of any preceding claim wherein the flat
feature (301, 401) is attached to the module substrate by means of a

plurality of spacers.

6. The electronic module of any preceding claim wherein the flat

feature (301, 401) is removakle.

7. The electronic module of any preceding claim wherein the flat

feature (301, 401) is of plastic material.

8. The electronic module of any preceding claim wherein the flat

feature (301, 401) is ©of highly thermal conductive material.

9. The electronic module of any preceding claim wherein the module is

of the Ball Gridé Array (BGA) type.

10. The eleccronic module of claim 9 wherein the module is ¢f the Multi

Chip Module (MCM) type.

11. The electronic mccéule of any preceding claim wherein the flat

feature is separated by the active components by means cf resin.
12. A method, in the manufacturing of electronic modules having a non
flat top surface, of adding a flat feature (301, 401) for facilitating

the azutomatic picking of the module by means of picking tocls.
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and the resins usually reduce their volume after polynerisation. This neans
that th crease causes a shrinkage of the resins which
deternﬂﬂ‘ungﬂﬁuﬂuﬂutnﬂniId up in the nodule when it is cooled fromthe
processi*ng ¢t eApet atiure down to the roomtenperature; the nodule at the end
of the assenbly presents a deformation with the four corners of the
lamnate |lifted with respect to the center. This is the above nenti oned

war page effect, which can inpact |ong terngreliability of the nodul e and
cause problens in card assenbly because of the non-coplanarity of the balls
or | eads: peripheral balls or |eads m ght not touch sol der screen printed
on the board thus TheaBeugditdd afriBpkhvesneénithe ddrtdifedtone aBbor <9Bf iow. To

reduce the wargmgevlef.fect each single silicon chip assenbled on a MCM
nodul e nust be separately covered with a resin cap in

14. The method of claim 12 or 13 further comprising the step of picking

and moving the module by means of a vacuum pick up tool.
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the way descri bed above thus obtaining a non flat top surface with a
plurality of distributed glob top nounds. An alternative solution would be
the use of tools which grip the nodules along their sides. This solution
has however sone drawbacks due to the fact that a custom designed pick up
tool is needed for each different nodule. Furthernore some nodul es coul d be
not suitable to be picked up through the sides due to the particul ar shape.

3 It is an object of the RCEROMIC MODULES MANDIFAGCTERENGEChN que, whi ch
al l eviates the above drawbacks.
ABSTRACT
In the manufacturing process of electronic modules a problem could arise when
the modules have non-flat top surface. This is due to the fact that most of the automatic
picking tools uses a vacuum nozzle to pick and place the module. According to the
present invention a flat feature (a cap or a stud) (301, 401) is added to the module. This
flat feature can be either fixed on the module or removable after the manufacture in

order to reduce the dimensions.

Fig. 3



According to the present invention we provide an el ectronic nodul e having a
- non-flat surface conprising a flat feature for facilitating the automatic
pi cki ng of the nodul e during the manufacturing process, the flat feature
bei ng attached to the nodul e substrate through a plurality of spacer neans
positi oned adjacent the edges in a central position. Further according to
the present invention we provide an elecyV?nic nodul e having a non-flat top
surface conprising a flat feature for facilitating the automatic picking of
t he nodul e during the manufacturing process, wherein the flat feature is
separated by the active conponents by neans of resin. Figure 1 is a
schematic representation of a prior art BGA nodule; Figure 2 is a top view
of a prior art BGA nodule; Figure 3, 4 and 5 are schematic representation
of preferred enbodi nents of the present invention. According to ta
preferred enbodi nent of the present invention, to overcone the problem of
the non-flat top

103 101
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surface, a flat feature is added to an electronic nodule in order to all ow
to be picked with standard picking neans requiring flat surfaces. This flat
feature can be realised with different shapes and naterials and attached to
the nodule with different nethods to fit different nodul e shapes and
satisfy different requirenents. Wth reference to Fig. 3 a preferred

embodi ment of the present invention is ghogwn. On the MCM nodul e represented
four conmponents 103 are attached on the substrate and each one is covered
by a protective resin cap of irregular shape. In the mddle of the nodule
substrate there is a portion free from conponents where a nushroom shaped
stud is placed. This nushroom stud can be either permanently fixed (e.qg.

gl ued) or renovably attached (e.g. press fitted) on the nodule. The flat
surface allows the nodule to be picked up by a vacuum pi ck up nmachi ne or by
all the picking tools requiring a flat surface. In case of press fitting,
the stud can be easily renoved after assenbly of the nodule in order to
reduce the profile of the final-packag This is particularly useful when
space saving is a criti P

103 101

FIG. 3




‘Fig. 4 shows a different enbodinent if the present invention. In this case
"a free central portion is not available. A round cap 401 as 4 al so
represented in Fig. 5 is used. The cap 401 is connected to the nodul e
substrate 101 t hrough four spacers positioned along the four sides of the
substrate 101 in the mddle. This position should m nimse the inpact of

t he nodul e warpage on the disc. In the 8Yample of Fig. 4 the cap is press
fitted and then renovable, but could as well be glued or permanently fixed
in any different way (e.g. rivetted).

FIG. 5



9703642
The material used for the manufacture of the stud or the cap of tp
preferred enbodi nents descri bed above can be any |ight weight nﬁté%}afﬂej
(e.g. plastic), but in case the MCM nodul e has a high generation of heat a
hi ghly thermal conductive nmaterial could be enployed. In this way the cap
or the stud work as finned heat sinks. The space between the cap and the
el ectroni c components can al so be fllle& wWth resin or thermal grease. If a
nmetallic material is used for the manufacture of the disc cap 401, a RF
(Radi o Frequency Interference) shield can be realised by connecting the

nmetal disc_to the ound Si nal | ane/ network. A Fra e could al so be
real i sed. %ﬁé?%?tﬁ?%ﬂeﬁnbm BEAnE] RSP  (rShniqye. which alley; ‘eﬁ%ﬁ%a drayD3ktnt on it

According to the present invention we provide an electronic module having a non-flat surface comprising a
flat feature for facilitating the automatic picking of the module during the manufacturing process, the flat
feature being attached to the module substrate through a plurality of spacer means positioned adjacent the

edges in a central position.

Further according to the present invention we provide an electronic module having a non-flat top surface
comprising a flat feature for facilitating the automatic picking of the module during the manufacturing

process, wherein the flat feature is separated by the active components by means of resin.

Figure 1 is a schematic representation of a prior art BGA module;
Figure 2 is a top view of a prior art BGA module;
Figure 3, 4 and 5 are schematic representation of preferred embodiments of the

present invention.

According to ta preferred embodiment of the present invention, to overcome the problem of the non-flat top
surface, a flat feature is added to an electronic module in order to allow to be picked with standard picking
means requiring flat surfaces. This flat feature can be realised with different shapes and materials and
attached to the module with different methods to fit different module shapes and satisfy different

requirements.

With reference to Fig. 3 a preferred embodiment of the present invention is shown. On the MCM module
represented four components 103 are aftached on the substrate and each one is covered by a protective resin
cap of irregular shape. In the middle of the module substrate there is a portion free from components where
a mushroom shaped stud is placed. This mushroom stud can be either permanently fixed (e.g. glued) or
removably attached (e.g. press fitted) on the module. The flat surface allows the module to be picked up by
a vacuum pick up machine or by all the picking tools requiring a flat surface. In case of press fitting, the
stud can be easily removed after assembly of the module in order to reduce the profile of the final package.

This is particularly useful when space saving is a critical requirement.

Fig. 4 shows a different embodiment if the present invention. In this case a free central portion is not

available. A round cap 401 as
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the identification data of the nodule, otherwi se very difficult to be
pl aced in case of a plurality of distributed glob top nounds. CLAI M5 1.

An el ectron a non-flat top surface conprising a flat
feature (40@““‘-‘& ﬂllnm't“qm ng the automatic picking of the nodul e during

t he manuf acturiag \pr acess he flat featyre being attached to the nodule
substrate through a plurality of spacer neans positioned adjacent the edges

in a central position. 2. The el ectronic nodule of claim1 wherein the
flat feature has the shape of a disc (401).

CLAIMS

1. An electronic module having a non-flat top surface comprising a flat feature (401)
for facilitating the automatic picking of the module during the manufacturing
process, the flat feature being attached to the module substrate through a plurality

of spacer means positioned adjacent the edges in a central position.

2. The electronic module of claim 1 wherein the flat feature has the shape of a disc
(401).

3. The electronic module of claim 1 wherein the flat feature (401) is removable.

4, The electronic module of claim 1 wherein the flat feature (401) is of plastic
material.

5. The electronic module of claim 1 wherein the flat feature (301, 401) is of highly

thermal conductive material.

6. The electronic module of claim 1 wherein the module is of the Ball Grid Array
(BGA) type.

7. The electronic module of claim 6 wherein the module is of the Multi Chip Module
(MCM) type.
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modul e of claim1 wherein the flat feature (401) is

rem)vammmm "ﬂ ect ronic nmodule of claim1 wherein the flat feature
' The el ectronic nodule of claiml

(401) i3 erlal. 5.
wherein the flat feature (301, 401) is of highly thermal conductive

material. 6. The el ectronic nodule of claim1l wherein the nodule is of

the Ball Gid Array (B&G) type. 7. The el ectronic module of claim6
wherein the nodule is of the Multi Chip Mdule (MCM type.

8. An electronic module having a non-flat top surface comprising a flat feature for
facilitating the automatic picking of the module during the manufacturing process,

wherein the flat feature is separated by the active components by means of resin.

e arna.
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85T gre
6 The el ectronic nodule of claim1 wherein the gap between the ea 8F~e
and the active conponents is filled with resin. j

€

8 The elactronic medule of claim | wherein the gap between the flat feature and
the active components is filled with resia.

REPLACEMENT ql FT

42 5UL 1999 f’

g g

¥ 0 3942
By



