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ELECTRONIC PACKAGE WITH ENHANCED PAD DESIGN

The present invention relates to an electronic package and
particularly, but not exclusively, to an electronic package including a
substrate and at least one device, each of said at least one device being
attached to said substrate by means of a conductive pad provided on a

surface of said substrate.

An electronic package typically includes a circuitized subscrate
with one or more active devices attached thereon; packages including only
one davice are known as Single Chip Modules (SCM), while packages
including a plurality of devices re called Multi Chip Modules {(MCM).
The use of attach materials, such as a glue, is common in electrornic
packaging applications for attaching the devices to the s vbstrate,
particularly in Ball Grid Array (BGA) packages.

BGA pacxages are a gquice recent development in the elecrtrornic
packaging industry replacing the curren:t products as the Quad Fiat Packs
{QFP) . The mair. difference is the connection system tc the princed circuitc
board (PCB), also called second level attachment, that is made through
eutectic Tin Lead alloy balls arranged in a matrix layout on the bottom
side of a substrate, instead of metal leads placed along the periphera:l
corner of the plastic component body. BGA and QFP packages are describes
in "Circuits Assembly (USA) - Vol.6, Nc.3i March 1585 Pag.38-40“.

Each device is commonly atiached g the subs:irate - means of a

D.

Dy
conduc-ive pad, typically a l:iztlie bigger tha: the cocrresponding acttacnesd
device, provided on the top surface of tne substrate. nese pads provige
a better compatibility with the glue materia.; 4in addicion, they '
facilitate for some exten:t the heat transfer from the back cf the device

irto the substrate by conduction.

a drawback of the prior ar: is thac each pad causes a waste cf a big
area on -he top surface of the substracte that cannot be wired and then it *
is not at all available for the routing of connecting lines. This problemg,
is particularly serious in a Multi Chip Module, wherein the wasted area
not available for wiring has to be multiplied by the number of devices.
This problem involves increasing the electroxnic package dimensions or
reducing the number of devices installed or the same substrate, incr easing

the number of modules required for the same application.

In order to increase the wireabilicy of the slectronic package, &

'J

curren: methodology it that of sacrifying the pad and using the Zreed area
of the substrate for wiring; however, this sclution causes a degradazion

of the thermal performances of the package, particulariy in organic
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substrates, with a value of thermal dissipation typically not greater than
0.5 W. A different approach is to modify the substrate, either changing
the raw-materials and technolocgies toward more conductive ones, like
ceramic carriers, or increasing the number of layers thereof; bocth
solutions however are more expensive and increases the cost of the whole

package.

A further problem is that these modules, as any other electronic
components, need to be decoupled with capacitors to reduce signal noise
either at the applicatiorn board level or at module stbstrate.

The signal noise optimisation is usually adéressed bridginge with
capacitors power and ground as close as possible to the ac:zive device. '
When these capacitcrs are on bgard at the package level, they reguire a
specific wiring patrtern and than impact the already small real estate
available for the circuitry, enlarging consequentiy the total moduie
dimensions. On the contrary, when the capacitors are asserbled on the
mother board where the modules are, they provide very often a barely
acceptabie level of noise reduction.

The above drawbacks of the prior art are ovarcome by the invention
as claimed. &Accordingly, the presen: inven:tion provides an electron:c
package as set out above which is characterised in tha: said pad :is

composed by a pluraliry of parts nct in contacz.

3
o

in

This solution ailiows solving botn the above ment.ones probl

S
0t
h

e
Parcicularly, it allows increasing the eiec:ir.ca. w.reas.. .1y ©
substrate top layer and enharncing cthe electrical s:gne. no.se leve.
abatement of the eleczronic package.

The proposed solution is fully compatible with the existing
materials and does rnot affect their properties: it is cheap and of
extremely easy imp;emgncacion. In addition, the packaging mechod invoived
by the present invention is fully compatible with the current processes :
and related equipment used in the industry.

These advantages are obtained by the presen: invention withocuc
degrading the thermal dissipation of the whole package; the delta heat
dissipation capability driven by the differences between a full pad metal .

surface and the proposed design is negligible.

In a particular embodiment of the present invention, said
plurality of parts are separated by 4 wireable area of said sutstrate.
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This free area between each couple of adjacent parts provides one or
more wiring channels for the routing of connecting lines, thereby
increasing the substrate wireability with regard to the available real
estate or coverall dimension of the package. This embodiment of the
present invention then involves decreasing the electronic package
dimensions required for a particular application; on the contrary, it
allows a greater number of devices to be installed on the same substrate,
decreasing the number of modules reguired for the same applicatiorn.

Preferably, said device includes four corners, said pad bein
composed by four parts and said wireable area having the form of a cross

extending from said corners.

This shape is particuliarly advan:iageous because the density of
signals increases greatly at corners; cherefore, the wiring channels

starting from the corners cf the device make easier the wiring fan out.

In an advantageous embodiment, said electronic package is a mul:zl
chip module. In 2z package inzluding a plurality of devices, the prcposed
pad design gets the maximum effect on the overall package costs and

performances.

In 2 further parcicular embodiment of the presen: inven:icn, au
least a first of said parte is conneczed 0 a ground i a

leas:t a second of saicé parts is conrnected 10 a power posentiéa., fz.3 1.
and said second parts being connected O eacn ociner ¢y Tmeans i o

decoupling capacizor.

This solution provides a better device Gecoupling @Ction. 11 =..lW.
a2 signal noise abatement for electrical performances pridging w:iin
capacitors power and ground very close to the active device. Ir add:zio-.
this sclution does not impact the real estate availabie on the sudbs:tirate
with a dedicated circuitry.

Preferab’y, said substrate includes at least one conductive hole .,

connected to at least one of said parts.

This embodiment of the presen:t invention increases the package
thermal dissipaticn, extending the applicability of this élecctronic
packaging technology to a wider range of applications.

aAdvantagecusly, the electronic package comprises a further pad

provided on a furcther surface of said subszrate, said further pad beirg
composed by a plurality of further parcs not in contac:, at least one of
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said further parts being connected to a corresponding one of said parts
by means of at leas:t one of said holes.

The resulting path is a heat dissipation solution that increases
the overall packaging thermal performances and helps in managing very
effectively the thermal dissipation factor for the device. The result is
a generalised spread of the heat that may be easily dissipated irto the
mother board.

In a particuiarly advantageous embodiment of the present invention,
said substrate inciudes a ground layer and a power layer, said firsc part
being connected to said ground layer by means of a2 first of said holes and
said second par:c being connected to said power layer by means of a second ‘
of said holes.

In this embodiment, the connectiors to the decoupling capacitor may
be achieved through via on pads design with no extra wiring required
beyond the drilled holes to drive the connections from the inner layers
{power or ground) to the top surface ¢©of the laminate; the capzcitors may
then be assembled close to the device, enhancing the device electrical
performances and allowing an ideal device deccupling.

In addition, this conrect:on further enhances the heat <&issipation
factor of the package through the metallic ground and power planes and

exzends the thermal dissipation faczcr to ai. the ground module
connections toward the mother board interiace.

In a further advantageous erbodimen: oI the presen: invention, sa.d
first par: is connected to said ground poten:iel by means of a
corresponding first of said further parts and said second par: is
connected to said power potential by means 0of a corresponding second of
said further parts.

These further parts provided on the bottom surface of the substrate
offers very short connections to the bonding pads presents on the same
side not requiring drilled holes for those connections. These bending
pads provide mul:ti access points with resulting very low resistance
values.

Cifferent types of electronic packages may ce used to implement the
present invention, such as QFP, BGA, either SCM cr MCM; ctypically, said
electronic package is a BGA.

Various embodiments of the inverntion will now be described in decail

by way of examples, with referance to accompanying Zigures, where:
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Fig. 1 is an electronic package according to the prior art;

Fig. 2 depicts an electronic package according to an embodiment of

the present invention;

Fig. 3 is an electronic package with increased thermal dissipation;

Fic. 4a arnd 4b show an electronic package with a device decoupling;

Fig. 5 depicts a further eleztronic package wizh a device

decoupling.

[
3
[0}
[

With reference now to the figures and in partlcular with refer
to Fig.l, cross-sectional view of an electronic package zaccearding tc the
prior ar:z is shown. The figure depicrts particularly a BGA 10{ :inclugding &
device 110 attached to a circuitized substrate 120 by means of a glue
layer. The substrate 120 is provided on its bottom side with a pluralicy
of connecting balls or bumps 130 arranged in a matrix layoucs: zhe
connecting balls 13C are typically eutectic sclder, such as Tin Lead
alloy. These balls 130 are used to connec:t the BGA package o a Princted
Circuit Board (nct shown}. ifferent iypes of BGA are availab.e, suzin as
Plastic Ball Grid Array {(PBGA), Ceramic Ball Grid Array (CBGa) ani Taepe
Ball Grid Aarray (TBGA), the primary difference being the type cf sugzirai.

material.

The device 1.C is aztached w0 the supswraze .zi oy rearn. i .
conductive pad 140 provided on tnhe tep surfiace c¢f the subs:ira
area, usua.iy a little bigger char the device 1.0, aliows a cewzer
compatibility with the glue material and facil.tates the hea: zrans
from the back of the device 110 into the subsziracte 123 by cond:uc:iiorn.

The device 110 is wired to the electrical circuit on the substrate
120 by means of wires 150, through a thermo-sonic wire bonding opera:ziorn ;
and the assembly is then covered with a plastic resin 160. ‘
r

With reference now to Fig.2, a top view ¢f an electronic package
according to an embodiment of the presen:c invention is shown. The figure
debic:s a 3GA 200 with the device 110 attached o the substrate 1290. ,

e P

The substrate 120 may be realized with different materials, such as
plastic materials, fiberglass laminates, ceramic, poliymide, Alumina.
Parcicularly., a qQuite recently developed electronic packaging technology'
consists of using an organic subscrate, consisting ¢f a composite
structure ¢f laminated epoxy woven fibers gliass sheets: the organic
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definition derives from the Epoxies resin compounds {ocrganic chemistry)
that are used to build these laminates.

The device 110 is typically a chip or active device, cvommoniy made
of Silicon, Germanium or Gallium Arsenide: this device is typicaliy shaped
substantially as a rectangular, particularly a square. The device 110 is
attached to the substrate 120 usually by means of a glue layer. The glue
may be a thermoplastic or thermoset one; typically, iz is an epoxy glue,
generally loaded with Silver particles for better hea: dissipation.

The device 110 is attached to the substirate 120 by means of a
conductive pad provided on the top surface cf the substrate 120. This
pad, aliowing a better compatibility with the glue material and
facilitating the heat transfer from the back of the device 110 into the
substrate 120 by conduction, is usually made of a2 metallic material,
typically copper or nickel and golé plated copper.

In the depicted embodiment of the present inventiorn, the pad is
composed by a plurality of parts 212-218 no: in corntact, so that each
couple of adjacent parts of the pad is separated by a free area of the
substrate 120. One or more insulating channels 222-228 are :then provided
in zhe pad, particularly beyond the device 110. The channels 222-228
shown in the figure are wide enough so that they may be used as wiring
channels for the routing of connecring lines, thereby increasing the
subszrate wireability with regard 2o the ava:lable real escate or overail
dimension of the package. Typically, the wiring charnnels 222-228 allow tC
draw ¢ lines 100 um wide (100 um space) or € lines 75 um wide (75 um
space) for each channel. Those skilleg in the arz will appreciate thaz
this pad design involves decreasing the electronic package dimension
required for a particular application; on the con:irary, it allows a
greater number of devices to be installed on the same sukstrate,
decreasing the number of mcdules required for the same application. The
proposed sclution is fully compatible with the existing materials ané does
not affec: their properties; it is cheap and of extremely easy
implementation. In adéition, the packaging methoé involved by the present
invention is fully compatible with the currert processes and related
equipment used in the industry. It should be noted that the delta heat
dissipation capability driven by the differences between a full pad metal
surface and the proposed design is negligibl

In a preferred embodiment of the present invention, the pad is split
in four separated parts. In the embcdiment depicted in Fig.2, the pad has
been spli: in four different regions or islands 212-218, for their shape
recalling the Maltese Cross. Each of the four wiring channels 222-228
extends from a correspending corner of the device ISeome a contral region
thereof. The central area may be used to route the wires from one channel

-
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to the other or, in the case of a multilayer substrate, to inrner layers
through vias (blind or through). This shape is particularly advantageous
because the density of the signals to be carried to the device 1140
increases at the corners; therefore, the wiring channels starting from the
corners of the device 110 make easier the fan out from the device 110.

Those skilled in the art will appreciate that the same pad design is
applicable to an electronic package including a plurality of devices, such
as a2 multi chip module. Each device is attached tc the substrate by means
of a correspondinc pad. Each pad is split in a plurality of parcs not in
contact, separated by a free area of the substrate, :thereby providing one
or more insulating channels available for wiring. Iz sheuld be noted that
the sclution according to the present invention is particularly )
advantageous ir a multi chip moduie, whereia the proposed pad design ge:s

the maximum effect on the overall package costs ané performances-

With reference ncw to Fig. 1, a cross-sectional view of an
electronic package with increased thermal dissipartion is shown.

-

The BGA 300 includes the device 110 atzached tc a substrate 310. In

the depicted embodiment of the presen:t invention, the subsrtrace 31D is a
mulrilayer scructure including a plurality of layers 3.2-318, typically

used in Multi Chip Modules.

The cdevice 110 is attacned co the subs:trate 310 b5y means of the
=

conductive pad described above: particuiariy, th eparate parts 21§, 21¢

s
ard 214 are visible in the figure. As stawed in the foregoing, the celte
hea:r dissipation capability driven by tne differences petween a full paé
metal. surface and the propesed design is negligible.

However, even when a conductive pad is used, the thermal dissipation
of these electronic packages is limiced by the bad heat conduc:zion
properties of the substrate; this problem sets precise limi:zs, commonly
about 1.3 W, to the extendibility of this electronic packaging technology'
to a wider range cf applications. _ .

In order to increase the package thermal managemert, in the depicted
embodiment of the present inven:tion the substrate 3210 includes a: least
one conductive hole, typically a drilled and metallized hole, connected to’
the pad provided on the top surface of the substrate 310; in zhis
embodiment, the thermal via 326 is connected to the parz 215, while the
thermal via 328 is connecteé to the part 218. These thermal vias may 3in
adédition be connzcted to a further pad provided on the bottom surface of
the same substrate 310. In a preferred smbodimen:, this further pad has
the same shape ©0f the pad provided on the L@ surface of the substrate

b
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310. Particularly, it includes a plurality of separate parts 334-338; in
the depicted package 300, the thermal via 326 for example connects the
part 216 on the top surface of the substrate 310 to a corresponding part
336 on the bottom surface, and hole 328 connects the part 218 to a
corresponding part 338,

The further pad on the bottom side of the substrate 310 is connected
to the eutectic balls 130 used to connec: the BGA package tc a Printed
Circuit Board ({(not shown). .The resul: is a generalised spread of the hea:
that goes dissipated by the full array of balls 130 into the mother board.
This heat dissipation path then increases the overall packaging thermal
performances, with a thermal dissipation value typically about 2 W.

In the embodimen: shown in the figure, the nutilayer substrate 310
includes a ground (GND) layer 342 and a power (vCC) layer 344. The
thermal vias 326 and 328 are connected to ths GND layer 342 and tec the VCC
layer 344. It should be noted tha:, being both the GND layer 342 andéd the
VCC layer 344 generally full metallic planes, they are once more erhancin
the heat dissipation factor of the package 320. In addition, the
connection to the GND layer 342 extends the thermal dissipation factor to
all the GND module connections toward the mo:ther board in-erface.

Referring now to Fig.4a and Fig.4bk, an elec:ircnic package with a
device decoupling is shown.

Witnh regard particularly to Fig.4a, a top view 0f a BGa 400 is
depicted. The BGA 400 includes the device 110 aztached to0 the subs-rate
120 by means of the conductive pad described above: pactizuliarly, the pad

is split in four different parts 2:2-218.

In order to provide a better device decoupling action, at leas: &
first part of the pad, such as part 216, is connected to the ground
potential, while at least a second one, such as part 218, is connected to
the power potential; the two parts 216 and 218 are then connected to each
other by mears of a decoupling capacitor 41C¢. In a preferred embodiment
of the present invention, the four parts 212-218 are connected in
interfacing couples at different electric potentizls GND and VCC {not
shown). In the depicted example, connections to the capacitors are
achieved through lines extending from each part of the pad to the
corresponding capacitor. It should be noted that this solution provides a
signal noise level abatement for elecirical performances. Those skilled
in the art will appreciate that chis decoupliing action may be obtained
even if these parcts 212-218 are separated by a narrow area nct wireable;
in a preferred embcdiment of the present invention, these parts 212-218
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are however separated by an area wide enough to provide the above

described wiring channels.

As shown in the cross section of Fig.4b, the pad on the top surface
of the substrate 120 is connected tc a further pad provided on the botzom
surface of the substratze 120; particularly, the part 216 is connected to
the further part 336 by means of the conductive hole 326 and the part 218
is connected to another further pad 338 through another thermal via 328,

These further parts provided on the bottom surface of the substrate 120

offer very short connections to the bonding pads (VCC or GND) presents on
the same side not requiring drilled holes for those connections. The
connecting balls positioned in the two areas GND and VCC are mulci access

poincs with resul:ing very low resistance values.

A further embodimen: of an elec:tronic package with a device

decoupling is shown in Fig.5.

The BGA 500 is a mulrilayer structure including the ground layer 34
and the power layer 344; the metallized hole 326 is connected to the par:
216 of the conductive pad, while the hole 328 is ccnnected to the part
218 thereof.

In the particuiar advantageous embodiment cf Fig.5, the connections
in inzerfacinc couples a: different electric potentials GND and VCC are
achieved orn the same chip carrier, using the thermal vias cf each par: of
the pad as connec:tions to the VCC or the GIZ planes, anéd the capac.i0Ts

e ¢ example, the

1

assempled in close proximizy to the device. In the depic:

par: 216 is connected o the grouné plare 142 oy the hoi 3256 and the par:

.

(]

218 is connected to the power layer 344 by the hole 328.

The connections to the capacitor 510 are achieved through further
metallized holes; particu_arly, the capacitor 510 is connected to the
ground layer by means of a hole 520 and tc the power lavyer 344 by another

™

hole 530. This embodiment of the presernt invention enhances the device }

electrical performances allowing an ideal device decoupling, with no extra,
- » . ] . . .,

wiring required beyond the drilled holes to drive the connections from the

inner layers (VCC or GND) to the top surface of the laminate.
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CLAIMS
1. An electronic package (200) including a substrate (120) and at least

one device (110}, each of said at least one device {110) being attached to
said substrate (120) by means of a conductive pad provided on a surface of
said substrate (126),

characterized in that i
said pad is composed by a pluralicy of parts (212-218) no: in contact.

2. The electronic package (200) according to Claim 1, wherein said
plurality of parts {212-218) are separated by a wireable area (222-228) of
said substrate (120). : \

3. The electronic package (200) accor€ing tc Claim 2, wherein said
device (110} includes four corners, said pad being composed by fcur par:
(212-218) and said wireable area (222-228) having the form of a cross

extending from said corners.

4. The electrcnic package according to any Ciaim from 1 to 3. wherein

said elec:ironic package is a multi chip module.

5. The electironic package (400) according to any Claim from : to &,
wherein at least a first of saic¢ parts (218) 15 connec:ed 0 a ground
pctential and at least a secondé of said parcts (2.8) is connec:zed to a
power potential, said first (216) and saidé second (2:8) par:ts being
connacted to each other by means cf a decoupli.ng capacizar (410}).

€. The electronic package (300} acgording to any Claim from - te 3,
wherein said substrate (310} includes at least one conductive hole (326}
connected to at least one {216} of said parcs [(212-218).

7. The electronic package (300) according to Claim 6, comprising a
further pad provided on a further surface -of said substrate (310), said !
further pad being composed by a plurality of further parts (334-338) not
in contact, at least one of said further parts (33€) being connected to a
corresponding one of said parts (21€) by means of at least one oI said
holes (326).

8. The electrcnic package (500) according zo Claim 6, wherein said
substrate (310) includes a ground laver (¥ and a power laver (344},
said first part (216) being connected to said ground layer (342) by means
of a first (326) of said holes and sai¢ second part (218) being connected
to said power layer (344) by means cf a second (328) of said Loles.
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9. The electronic package (400) according to Claim 7, wherein said
first part (216) is connected to said ground potential by means of a
corresponding first (326) of said furhter parts and said second part (218)
is connected to said power potential by means of a corresponding second
(328) of said furhter parts.

10. The electronic package according to any Claim from 1 to 9, wherein
said electronic package is a BGA.
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