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ELECTRONIC PACKAGE WITH BNHANCBD PAD DESIGN 

The present invention relates t.o an electronic package and 

particularly, but not exclusively, co an electronic package including a 

5 substrate and at least one device, each o: said at least one device bei~g 

attached to said substrate by means of a conductive pad provided on a 

surface of said substrate. 

~.n electronic package typically includes a circuitized substrate 

10 with one or more active devices attached thereo~; pac~ages i~cluding only 

one device are known as Single Chip Mo~ules (SCM), whi:e packages 

including a plurality of devices are called Multi Chip Mod~les (~CM). 

The use of attach materials, such as a glue, is comma~ :~ eiectror.ic 

packaging applications for attaching the devices to the s~bscrate, 

15 particularly in Ball Grid Array (BGAJ ~ackages. 

BGA pac~ages are a quite recent deve:oprne~::. in the eleccro'-ic 

packaging industry replacing the curre~::. produces as the Quad Flat ?ack-s 

(QFP) . The rnaic difference is the connection sy~ce~ cc the printed circuit 

20 board (PCBl, also called second level accach.~enc, that is made through 

eutectic Tin Lead alloy balls arranged i~ a matrix layout or. the bot.to~ 

side of a substrate, instead of metal leads placed along the peripheral 

corner of t.he plastic component body. BGA and QFP packages are describesi 

in "Circuits Assembly (USt-.l - Vol.6, t-:c.j !-!arct: 1995 Pag.38-40". 

2$ 

Each device is co~=-o~~Y at.tac~ed __ c~e s~bstrate by ~eans oE a 

conductive pad, typically a litt~e bigger tha: :~e ccrrespondir.g act.ache~ 

device, provided on the top surface of the s~bscrat.e. ~hese pads pro~·iae 

a better compatibility with the glue materia:; i'- addit~or., they 

30 facilitate for some extent the heat transfer f!'om the back of the device 

into the substrate by conductior.. 

A drawback of the prior arc is that each pad causes a waste cf a big 

area on the top surface of the substrate that cannot be wired and then it. ~ 

35 is not at all available for the routing of connecting lines. This problen~ , 
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 ~roblem involves increasing the electro~ic package dimensions or 

reducing the number of devices installed or. tte same substrate, increasing 

40 the number of modules required fer the same application. 

In order to increase the wireabilit.y of the elect.ror.ic package, a 

current methodology it that of sacrifyir.g the pad and using the freed area 

of the substrate for wiring; however, t~:s scl~tior. causes a degradation 

45 of t:ie thermal .perfonr.ances of the package, pa=:.:.cularly ir. o:::-ganic 
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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 technologies toward more conductive ones, like 
ceramic carriers, or increasing the number o: layers thereof; both 

5 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 

10 either at the applicatior. board level or at module substrate. 

The signal noise optimisation is usually addressed bridging witr. 

capacitors power and ground as close as possible to the active device. 

When these capacitors are on board at t~e package level, they re~uire a 
l5 specific wiring pattern and than impact the already sma:l real estate 

available for the circuitry, enlarging consequently the total module 

dimensions. On the contrary, when t~e capac:cors are asse~bled or. tr.e 
mother board where the modules are. they provide very of ten a bare:y 
acceptable level of noise red~ction. 

20 

25 

30 

The above drawbacks of the prior ar::. are overcome by the .:.r:.ve::::.io:'!. 
as claimed. Accordingly, the presen::. inver.::.ion provides a~ elec::.ron1c 

package as set out above which is characterised in ::.ha::. said pad !s 
composed by a plurality o~ pares no::. ln ccntac::.. 

~his solu::.1on a:lows solving bo::.h the abo~e ~e~::one~ ~~o~:e~!. 
Pan::..:.cularly, it a::ows ir.c::-easing the e:ectr:.::a: ..... ;.reat,::::;· c: :.:-.~ 

substrate cop layer and e~har:.cing the elec:rica: s:gna: no:se :eve_ 

aba::.ement of the elec:ro::ic package. 

The proposed solution is fully compa:ib:e with the exis::.ing 
materials and does r.ot affect their properties; it is cheap a~d of 
extremely easy implementatior.. In addition, the packaqing method :nvolved 
by the present invention is fully compatible with the curre~t processes 

35 and related equipment used in the industry. 

These advantages are obtained by the presen:. invention withc~t 
degrading the thermal dissipation of the whole package; the delta heat 

dissipation capability driven by the differences between a full pad metal 
40 surface and the proposed design is negligible. 

In a particular embodirr.e.nt of the p:resent invention, said 

plurality of parts are separated by a w~reable a~ea of sa~d substrate. 

..., 
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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 overall dimension of the package. This e~bodiment oE the 

5 preser.t invention then involves decreasing the electronic package 
dimensions required for a particular applicacion; O!'l the contrary. it 

allows a greater number of devices to be installed o~ tr.e same substrate, 

decreasing the number of modules required Ear the same applicatior.. 

10 Preferably, said device includes Eour corners, said pad being 

composed by four parts and said wireable area having the form of a cross 
extending from said corners. 

This shape is par:icularly advan:ageous because the density of 

15 signals increases greatly at corners; therefore, the wiring channels 
starting from the corners of the device make easier t~e wiring Ea~ ouc. 

In a!'l advantageous embodiment., said e::.ectronic ~ackage is a rr.ulc.:. 
chip module. :n a package inclu::iing a plurality of aevi::es, the pr::::pose:: 

20 pad design gets the maximu~ effect on the overall package costs and 

performances. 

In a further par:icular embodi~ent of the p=ese~: inven::c~. a: 
least a first o: said pares is connected co a ground po:en:ia: a~:: a: 

25 least. a second o: sa!d parts is conr.ecced co a powe~ po:e~:~a:. ~a.: 

and sa!d second pares be!~g co~necced :o ea::~ o:~e~ -· ~ea~s ~~ _ 
decoup:ir.g capac:cor. 

This solution provides a better device deco~p:ing acc10~. ... ... :.:. .. • ::-:·1"'11. 

30 a signal noise abatement for electrical perfo:mances bridging w::~ 

capacitors power and ground very close to the active device. :r. add:cio:-.. 
this solution does not. impact the real estate available on the s~bstrace 
with a dedicated circuitry. 

35 Prefer-ab:y, said substrate includes at least one conductive hole 
connected to at least one of said parts. 

This embodiment of the present invention i~creases the package 
thermal dissipation, extending the applicability Of this electronic 

40 packaging technology to a wider range of applications. 

Advantageously, the electronic package comprises a f~rther pad 

provided on a :~r:her surface of said substrate, said further pad being 
conposed by a plura:icy o: further par:s not in con:ac:, a: lease one a: 
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said further parts being connected to a corresponding one of said parts 
by means of at leas~ one of said holes. 

The resulting path is a heat dissipation solution that increases 
5 the overall packaging thermal performances and helps in managing very 

effectively the thermal dissipation factor fa= the device.. The result is 
a generalised spread of the heat that may be easily dissipated ir.to the 
mother board. 

10 

15 

In a particu:arly advantageous errbodiment of the preser.t invention, 

said substrate inc~udes a ground layer and a power layer. said first part 
being connected to said ground layer by means of a first of said holes and 
said second part being connected to said power layer by ~eans of a second \ 
of said holes. 

In this embed imem:.. the connect ior:s to the ciecoup l ir.g capacitor may 
be achieved through via on pads design w~th no extra wiring required 

beyond the drilled holes to drive the connections :ram the inner layers 
{power or ground) to the top surface o~ the laminate; the capacitors may 

20 then be assembled close to the device, enhancing the device electrical 

performances and allowing an ideal device decoupling. 

In addition, this connect:on further enhances the heat cissi~ation 
factor of the package thro~gh the metallic g"ound a~d power planes and 

25 ex::.ends the thermal dissipatlon :actc" to a:: the grounc mod~le 
connections toward the mother board inter:ace. 

In a further adva;-... tageous er:'.bodirr.e:-.~ c: -:.he pr-ese:-1:. inver.~.:o~, sa:..6 

first part is connected to said ground potential by means of a 
30 corresponding first of said further parts and said second par::. is 

connected to said power potential by means of a corresponding second of 
said further parts. 

35 

40 

.... -.. ~ 
- 45 

These further parts provided on the bottom surface of ::.he substrate 
offers very short connections to the bonding pads presents or. the sa.~e 

side not requiring drilled holes for those co~I.ections. These bending 

pads provide multi access points with resulting very low resistance 

values. 

Different types of electronic packages may be used to implement the 
presen~ invention, such as QFP, BGA, eitI'-er SCM er MCM; typically, said 
electronic package is a EGA. 

Various embodimen::.s of the inver.tion 'A:ill r.0111 be descr:.oed in. de-c.ai: 
by way of examples, wit~ referance "C.O accompanying :igures, where: 

.. , 
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Fig. 1 is an electronic package according to the prior art; 

Fig. 2 depicts an electror.ic package according to an embodiment of 

the present invention; 

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

Fig. 4a ar.d 4b show an electronic package with a device decoupling; 

Fig. 5 depicts a further ele::tror.:c package wi:h a device 

deco;.iplir.g. 

With reference now to the figures and in particu:ar wit~ reference 
15 to Fig.l, a cross-sectional view of an e:ectrocic package acc~rding :c the 

prior ar: is sho~~- The figure depicts particularly a BGA lOC inclucir.g a 

device 110 attached to a circuitized substrate 120 by means of a glue 
layer. The s~bstrate 120 is provided on its bctto~ side with a pluralic~­

of connecting balls or bumps 13C arranged in a matrix layout; the 
20 connecting balls 13C are typically e~teccic solder, such as Ti~ Lead 

alloy. These balls 130 are used to cocnect the BGA package to a ?rintej 
Circt:i t Board (net shown I. Different -::.ypes of BGA are avai lab:e, s·.::::-. :::: 

?lastic Ball Grid Array lPBGAJ, Cera~ic Ball Grid A=ray (CBGAI and 7ap~ 
Ball Gr.id Array ITBGA). t.he primar::i,' difference be.ir.g :he type c: s;;::::::::-,::· 

25 mat.eria:. 

The device t:c is attached to t~e s~:::s:ra:e :2~ o~ =ea~. ~~ 

cond~ctive pad 140 provided o~ -::.he cop s~rface c! :~e s~bs:r~:~ :~ .. 

area, usua:iy a little bigger than the device :::. a:iows a cc::er 
30 compa::.ibility wit!'l t.he glue material and facil:.tat.es t!:.e hea: :.:-a::s::c:­

from the back of the device 110 into t!1e substrate :2~ by co~d~:::io~. 

35 

40 

The device 110 is wired to the electrical circ~it on the substrate 
120 by means of wires 150, through a :hermo-sonic wire bonding opera:io~ 
and the assembly is then covered with a plastic resin 160 .• 

With reference now to Fig.2, a top view cf an electronic package 
according to an arnbodiment of the present inven:ion is shown. ~~e figure 

dep.ic:s a 3GA 200 with the device llO attached to the substrate 120. 

· .. o.:"-
The SJbstrate 120 may be realized with differe~t materials, such as 

plas::.ic materials, fiber9lass larnina:es, cera:r.ic, poliymide, Alumina. 
Particularly. a quite recently developed e:ectronic packaging technology 
consis:s of usicg an organ:c subs:rate, consisting cf a composite 

45 str-..:ctu.::-e cf laminated epoxy woven fibers glass sheets; t.he orgar.ic 

; 
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definition derives from the Epoxies resin compounds (organic chemistry) 
that are used to build these laminates. 

The device 110 is typically a chip or active device, commonly made 

5 of Silicon, Ge::manium or Gallium Arsenide; this device is typically shaped 
substantially as a rectangula:::-, particularly a square. The device 110 is 

attached to the substrat~ 120 usually by means oE a glue layer. The glue 

may be a thermoplastic or thermoset one; tyt)ically, i:. is an epoxy glue, ; 

10 
generally loaded with Silver particles for better hea:. dissipation. 

The device 110 is attached to tt.e substrate 120 by means of a 
conductive pad provided on the top surface of the substrate 120. This 
pad, allowing a better compatibility wit~ the glue material and 

facilitating the heat transfer from the back of the device 110 into the 

15 substrate 120 by conduction, is usually made of a metallic material, 
typically copper or nickel and gale plated copper. 

In :.he depicted embodiment of the p:::-eser:.t. inventio:-., the pad is 

composed by a plurality of parts 212·218 not. in co~tact, so that each 
20 couple of adjacent parts of the pad is separated by a free area of the 

substrate 120. one or more insulating chan~els 222·228 are then provided 
in the pad, particularly beyond the device 110. The chan~e:s 222·228 

shown in the figure are wide enough so that they may be used as wiring 
channels for the routing of connecting lines. thereby increasing the 

25 substrate wireability with regard to the available real es:.ace er overall 
dimension of the package. Typically, the w:r:~g channe~s 222·228 a:low :.c 
draw 4 lines 100 µm wide !100 µm spacel or E :ines 75 µrn wide (75 µ~ 
space) for each channe:. Those skilled in the art wi:l appreciate that 

this pad design involves decreasing the electronic package dimensions 
30 required for a particular ap_plication.; on the con:.rary, it allows .a 

greater number of devices to be installed on the same substrate, 
dec=easing the number of modules required for the same application. The 

proposed solution.is fully compatible with the existing materials and does 

35 

40 

not affect their properties; it is cheap and of extremely easy 

implementation. In addition, the packaging method involved by the present 
invention is fully compatible with the currer.t processes a:-.d 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 negligible. 

In a preferred errbodiment of the present invention, t~e pad :s split 

in fo~r separated parts. In the e:nbcdime~t depicted in Fig.2, the pad has 

been spli~ in four different re9ior.s or islands 212·218, fo:r ~hei:r shape 
recalling the Maltese Cross. Each of the fo~r wiring channels 222·228 
extends from a corresponding corner of t~e device :ow... a cent:::-al region 

45 the:reof. The central a:rea may be used to :route the wires from one channe! 

.. , 

-~-
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to the other or, in the case of a multilayer substrate, to ir..ner layers 

through vias (blind or through) . This shape is particuiarly advantageous 

because the density of the signals to be carried to the deviee 110 
increases at the corners; therefore, the wirir.g channels starting from the 

5 corners of the device 110 :nake easier the fan out Erom the device 110. 

10 

Those skilled in the art will appreciate that the same pad design is 

applicable to an electronic package 

as a :nulti chip module. Each device 

of a co:-responding pad. Each pad is 

contact, separated by a free area of 

including a plurality of devices, sue~ ; 

is attached to the substrate by means 

split in a plurality of parts not in 

the substrate, :hereby providing one 

or more insulating channels available for wiring. I: sho~ld be noted that 

the solution according to the present invention is particularly 

advantageous ir.. a multi chip moduie, wherein the proposed pad design gets 

15 the maximum effect on the overall package costs a~c perfo=ma~ces. 

20 

25 

30 

With reference new to Fig. 3. a cross-sectional view of an 

electronic package with increased thermal a:ssipation is sho~. 

The B(;A 300 includes the device 110 attached to a substrate 310. :n 

the depicted e~~odiment of the presen: invention, the substrate 310 is a 
multilayer s;:ructure ir.cli;dir:g a plurality of layers 3:2·3:8, typically 

used in Multi ehip Modules. 

The device ::o is attached i::o c.he s~bstrate J:G o:-· r.iea::s o: the 
conductive pad described above: par:ic~:arly, t~e separate parts 21&, 2-~ 

ar.d 214 are visible in the figure. hs sta~e~ i:: the :oregoing, the ce:ta 

heat dissipation capability driven by i::ne d!:ferences between a f···i pae 

met.a: surface and the proposed design is negligible. 

However, even when a conductive pad is used. the t.herma: dissipation 
of these electronic packages is li~ited by the bad heat conduction 

properties of the substrate; this problem sets precise limits, commonly 

about 1.3 w, to the extendibility of this eiectronic packagir.g technologyl 

35 to a wider range cf applications. f~ 

In order to increase the package thermal managemer.t, in the depicted 

embodiment of the present invention the substrate 310 includes a: least 

one conductive hole, typica:ly a drilled and metallized hole, connected to' 

40 the pad provided on the top surface of the substrate 310; in ~his 

embodiment, t::ie thermal via 326 is connected to the par: 216, while .the 

chermal via 328 is connected to the part 218. These thermal vias may 

adcition b-e cor.~ected to a further pad provided o~ t~e bc:~om surface of 
the same sJ.bstrate 3!0. rn a _prefer=ed embodimen::., tt.is f".:.rther ~a::l has 

45 the sa~e sh~pe --0= the pad p=cv:ded o~ the ,t.Qp surface o: the substrate 
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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 

5 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 to a Printed 
Circuit Board (not shownl .. The resul: is a generalised spread of the hea: 

10 that goes dissipated by the full array of balls 130 into the mother board. 

15 

This heat dissipation pat!:l then increases the overall packaging thermal 
performances, with a thermal dissipation value typically about 2 w. 

In the e:nbod imen: shown in the figure, the r..".J:::. ti layer substrate 310 
includes a ground (GNDl la ye:- 342 and a power (VCC) layer 344. ':'he 
thermal vi as 326 and 328 are connected t.O the GND layer 342 and tC the vcc 
layer 344. It should be noted that, being both the GND layer 342 and the 
VCC layer 344 generally full metallic planes, they are once more enhancing 
the heat dissipation factor of the package 300. In addition, the 

20 connection to the GND layer 342 extends the therrna! dissipatior. factor to 
all t~e GND reodule connect.ions toward the mother board in:erface. 

25 

30 

35 

Referring now to Fig.4a a~d Fig.4b, an elec:=c~ic package with a 
device decoupling is shown. 

Wit.~ regard par:1cular:y :o Fig.Ca, a top view of a BGA 40C is 
depicted. The BGA 400 includes the device ~:o atta=he~ :o the substrate 
120 by means of the conductive pad described above; pa=t1=u:arly, the pad 
is split in four different parts 2:2-218. 

In order to provide a better device decoupling actior., at least a 
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 mear.s of a decoupling .capacitor 410. In a preferred embodinent 
of the present invention, the four parts 212·218 are connected in 
interfacing co•.Jples at different elect::ic potentials GND and vcc lnot 
shown) . In the depicted example, connections to the capacitors are 
achieved through lines extending from each part o~ the pad to the 

40 corresponding capacitor. It should be noted that this solution provides a 
signal noise level abatement for electrical perforrna~ces. These skilled 
in the art will appreciate that this decoupling action may be obtained 
even if these parts 212·218 are separated by a narrow area net. wireable; 
in a preferred embodiment of the present inventior., these parts 212·218 

; 

.. , 
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are however separated by an area wide eno~gh to provide the above 

described wiring channels. 

As shown in the cross section of Fig.4~. the pad on the top surface 

5 of the substrate 120 is connected to a further pad provided on the bottom 

surface of the substrate 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 bottorr. surface of the substrate 120 

10 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 multi access 

points with resulting very low resistance values. 

15 A :urther embodi~ent of an electronic package with a device 

decoupling is shown in Fig.5. 

The 3GA 500 is a multilayer structure including the ground layer 34' 

and the power layer 344; the metallized hole 326 is connected to tr.e part 

20 216 of the conductive pad, while the hole 328 is connected to the part 

218 thereof. 

In the particu:ar advantaqeous e~bodiment c: Fig.54 the connect.ions 

in im:.erfac:.nc_: couples a:. differe!"..t:. elec:r:.:: po:.e=-:tials GND and VCC are 

25 ach:.eved o:-. the sa:ne chip ca::-::-ier, ;.;s:.:':g :.:-,e :.he::-mal vias o: eac:t par:. o: 

30 

:he pad as connectior.s to :.he vcc a::- t.~e ,... ... -. 
\J••..J p.:a~es, !:he capac.:. ::.o:-s 

asser..:Oled i:":. close proxirr.it.y to :.he de,::ce. ::-: :.:-.e dep:c:ed exa:nple, the 

par: 216 is connected to t~e gro~nci pla:-:e 3~2 by :~e hole 326 and t~e par~ 

218 is connected to the power layer JC~ by the hole 328. 

The connections to the capacitor 510 are achieved througr. further 

metallized holes; part:.cu:arly, the capacitor 510 is connected to the 

ground layer by ~ea~s of a hole 520 and to the power layer 344 by another 

hole 530. This embodiment of the preser.:. invention enhances the device 

35 electrical performances allowing an ideal device decouplingJ 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 

5 said substrate (120) by mear.s of a conductive pad provided on a surface of 
said substrate C12G), 

10 

15 

20 

characterized in that 

said pad is comDosed by a plurality of parts (212-218) not in contact. 

2. The electronic package (200) according to Clai~ l, wherein said 
plurality of parts 1212-218) are separated by a wireable area (222-228) of 
said substrate (120). 

3. The electronic package (200) accorc1Rg ~c Clai:n 2. wherein said 
device (110) includes four corners, said pad being composed by fcur parts 

(212-2181 and said wireable area (222·2281 having the forrn of a cross 
extending from said corners. 

The electronic package according to ar..y Claim from _ co 3. w:::erein 

said electronic package is a multi chip ~odule. 

5. The electronic pac~age (400) according to any Claim frorr: : to <., 
wherein at least a first of said parts 12161 :s connected to a grouno 

25 pcte~tial and at least a second o: said parts c2:s1 is connected to a 
powe= potential, said first (216> and sa:c seco;.d <2:Bl pa=ts being 

conna::ted to each other by means c: a decoupl::i<; capac'..to:- (.;::.o>. 

6. The electronic package (3001 according to any Claim fro~ : to 5. • 

30 wherein said substrate (310l includes at leas~ one conductive hole (326} 

connected to at least one !216l o: said _parts (212-218). 

35 

7. The electronic package (3001 according to Claim 6, comprising a 
further pad provided on a further surface-ef' &aid substrate (3101, said 
further pad being composed by.a plurality of further parts {334·338) not 

in contact, at least one of said further pa~ts (336) being connected to a 
corresponding one cf said parts (216) by means of at least one of said 
holes C326l . 

40 8. The electronic package (5001 accoraing to Claim 6, wherein said 

subs crate (310 I includes a ground layer nm and a power layer C344l , 
said first part (216) being connected to said ground layer 1342) by means 

oE a first !326) of said holes and said second part (218) being connected 
to said power layer (344) by means a: a second (328) of said I'.oles. 

45 

,., 
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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) a= said furhter parts and said second part (218) 

is connected to said power potential by means of a corresponding second 

5 (328) of said furhter parts. 

10. The el-ect~onic packa~e according ~o any Claim from 1 to 9, wherein 

said electronic package is a BGA. 

111111111111111111111111111111 
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