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SEMICONDUCTOR PACKAGE HAVING SUBSTRATE WITH MUL Tl-LAYER 
METAL BUMPS 

Field Q( the Invention 
This invention relates generally to semi~onductor 

packaging, and specifically to a semiconductor package that 

includes a substrate having external contacts, and optionally 

die contacts, formed as multi-layer xnetal bumps. This 

invention also relates to a method for fabricating the 

package, and to electronic assemblies incorporating the 
package. 

J3Agkeround of the Invention 

one type of semiconductor packag~ is ref erred to as a 

BGA (ball grid array) package. A conventional BGA package 
includes a semiconductor die bonded to a substrate, and an 

encapsulant on the die. Typically, the substrate comprises 
an organic material, such as bismaleimide triazine (BT), .an 
epoxy resin (e.g., . "FR-4") or a polyi:mide resin. The 

substrate also includes a pattern of conductors, such as 

copper traces forJned directly on the substrate, or 
alte:cnately on a flexible tape attached to the sub~trate •. 

One type of BGA package is known as a BOC (board-on­

chip) package. With a BOC package, the substrate (i.e •• the 

board) is bonded to the circuit side (fade) of the die, and 
wire bonds are made between the die contacts on the substrate 
and the bond pads on the die. Another type of J3GA package is 

known as a COB (chip-_on-board) package. With a COB package, 
the die ia back bonded to the substrate and wire bonded to 

the die contacts on the· substrate, or alternately flip chip 

bonded directly to the die contacts on the substrate. 
The substrate also includes external contacts in 

electrical colllXllun:lcation with the conductors and the die 
contacts. Typically, the external contacts comprise solder 

balls arranged in a dense array, such as a ball grid array 
(BGA) , or a fine ball grid array (FBGA) . 

Referring to Figures 1A-1C, a conventional BGA package 
10 in a COB configuration is illustrated. The BGA package 10 

inc1udes a stacked pair of semiconductor dice 12, 14, each 
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~aving a pattern of_ bond pads 16 on a circuit side thereof. 
The dice 12, 14 are sized, and bonded to one another, such 
that the bond pads 16 are ~sed for wire bonding. The bond 
pads 16 are in electrical· communication with the ~tegrated 
circuits and semiconductor devices contained on the dice 12, 
14. 'l'he BGA package 10 also includes a subatrate 18 and 

adhesives layers ·20 which bond ·t;he dice 12, 14 to one another 
and to the substrate 18. The substrate 18 includes die 
~ontacts 22 configur~d for wire bonding to the dice 12, 14. 

Specifically, wires 24-are bonded to the bond pad 16 on the 
·elide 12, _14 and to tbe die contacts 22 <:>n the substrate. 

The BGA package· 10 also includes a polymer tape 28 on 

the substrate· 18, and an array ·of external contacts 26 on· the 
polymer tape 28 in electrical communication ~ith. the die 
contacts ·22 on the substrate 18. Conductors ·(not shown) on. 
the polymer tape 28 and interlevel conductors (not shown) on. 

the substrate 18 -electrically connect the external contacts . 
26 to the die contacts 22. Typically, the polymer tape 2S 
includes a flexible polymer substrate, such as polyindde_, on 
which required circuit patterns are formed. 

The external contacts 2 6 comprise solder balls in a grid 
array, such as a ~all grid array· (BGA) or a fine ball grid 
array {FBGA). The external contacts 26 are bonded to ball 
bonding sites. 30 on the polymer tape 2"8 using a bonding 
technique such as _sc;-ldering, welding or bra%ing. In · 

addition, a solder mask 34.includes openings 36 (Figure 1C) 
for aligning the externa1 contacts 26 for bonding, and for 

electrically insulating the external contacts 26 frOll\ one 
another. 

The BGA package 10 al20 includes an encapsulant 32 -~hat 
encapsulates the dice 1~, 14, ·the wires 24, and the 
associated. wire bonds on the·. bond pacts 16 and on the die 

con.tacts 22. . Typically, the encai;>sulant 32 comprises a 
Novolac based epoxy formed in a desired shape using a 
transfer molding prbc:ess, and then cured using an oven. 



3 

one feature of this type of ~ package 10 is that due 

to.their size, the external contact$ 26 add considerably to 
the·thiokness T (Figure.1A) of t~e· BGA package 10. For 
exaJnple,· conventional solder balls typ1ca1ly have a diameter 
o~ from about.0.012-inch (0.3-mm) to 0.030-inch (0.762-mm). 
The size of the.external contacts 2G also limits. the density 
o;r •packing fraction• of the e:x:ternal contacts 2 6. 
Similarly, due to their si~e, the spaces between the external 
contacts 26 are relatively small, so that the routing-of the 

corresponding conductors. on the polymer tape 28 in the spaces 

is restricted. 
· It would be ·advantageous to · be able to fabricate 

external oonta~ts that.are· smaller than c:onvent"i~nal solder 
balls. This would decrease the height of the BGA package 10. 
In addition,· ~1-ler external contacts could be spaced 
further a.Part allowing the densi_ty of the conductor patt~rn 
on "the polymer substrate 28.to increase. This in turn would 
dacrea~e the peripheral outline, or "foc;>tprjnt•; of th~ BGA 
package 10. 

· Another problem with external contacts 26 in the .form· of 

conventional solder balls, .. is that the locations of the 

external contacts 26 may vary in the X-direction from a 
theoretical location _(dotted lines), as indicated by Ax in 

Figure 1B, or ~ the y'"'.direetion as indicated by AY in Figure 

lB. These variat;:ic;:>ni;; in the locationi:; of the external 
oontaat.s 26 may be due to mask aliQIUlleD.t and art work errors 
introduced during fab:rioation of the bonding sites 30, and 
during fabrication of the solder mask 34. 

Another problem with exte~l contacts 26 in the form of 
solder balls is that the planarity of the external contacts 
26 may vary. For example, as shown in Figure 1c,· the middle 
external contact 2o is off set fro~ a theoretical plane P by a 
distance Az. This planarity variation may _be due to warpage 

of the polymer substrate 28 following the mold cure process 
for the encapsulant 32. 
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Yet- another problem with external contacts 26 in the 
form of solder·balls is illustrated in· Figure lD.· TypicallY 
the package 10 is mounted to a supporting substrate 38 (e.g., 
PCB), by re~lowing the eXternal contacts 26RF onto elec~rodes 
40 on the supporting substrate 38. A solder mask 42 on the 
supporting substrate 38 facilitates· the soldering, process .. 
However, the planarity of the external contacts 26 can 

.adversely affect the.planarity of the package 10 as indicated. 
by the angle A of.the package 10 relative to a. theoretical 
package planarity PP. (where PP .is a plane generally parallel 
to the silrface of the supporting substr~te 38). 

Another problem associated with external contacts 26 in 
the form of_ solder· balls, is that poor <;iuality solder joints 
between the-~ternal contacts.26 and the bonding S.ites 30 can 
cause oPEmS axid shorts, or ca,n cause the external contacts 26 
to separate from.the ~nding sites 30. Poor quality solder 
joints can also cau15!e the external contacts 26 to separate 

· frolJl the bonding sites 3 O. · In general, the quality of the 
.solder joints is affected by the surface topography of the . . . . 

bonding sites 30 and by the theJ:Jnal. profile and ·cycling times 
of the bonding process. Similarly the quality of the solder 
joints between the refiowed external contacts 26RF (Figure. 
1D)_ can cause ~pens and shorts, and planarity problems for 
.the package 10. 

:en view of . the foregoing in\l;>roved semiconductor packages. 
having better external contacts are needed in the art. 'rlie 

·present iuvention is directed to an improved semiconductor. . . . . 

p~ckage having multi layered · ~ternal contacts, and 
optionally multi layered die contacts. 'l'he ·present invention 
is also directed·to a method for fabricating the package, and 

· to· improved electroni·a assemblies incorporating the package. · 
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Snmmm:x of the Invention 
In accordance with the present invention, an improved 

semiconductor package, a method for fabricating the package, 
and an electronic assembly incorporating. the package are 

provided.· 
The package includes a substrate, a semiconductor die 

mounted to the substrate·, and an encapsulant m?lded to the 
substrate enoapsu1ating the die. The substrate comprises a 
conventional •board• material such~as an organic polyiner 
resin reinforced. with glC!-SS fibers. In addition, the 
sub::itrate includes die contacts that are placed in electrical 
communication with bOnd pads on the die using a process sue~ 
as thermooompressi0n bonding, wire bonding or TAB bonding .. 
The substrate also inoludes !!Onductors and bonding ·sites in 
ele~trical communicati.on with the die contacts. The 
oondqctors aild bonding sites can be.formed directly on the 

. . 
substrate, or on a flexible polymer tape attadhe(i to the 
substrate. 

'l'he package also includes external contacts on the 
bonding sites arranged in a dense grid.array, and configured 
as ~ut/outptit ports for the package. '!'he external contacts 
comprise multi layered metal bumps that include a base layer 
(fir.st layer) ori the bonding sites, a bump layer (second 
layer) on the base layer, and an outer layer (third layer) on 
the bump layer. The base layer comprises a metal such as 
copper, that adheres to. the bonding sites, which can also 
OOll\Prise copper. · -'the bump layer comPrises a metal ~uch as 
nickel, that can be easily deposited to a desi~ed .thickness 
on the base layer. The outer layer comprises a non-oxidizing 
metal, such as gold. that will bond easily· to mating 
electrodes on a supporting substrate (e.g., PCB). 

One advantage of the package is that the external 
contacts can be l'llade smal1er than conventional solder balls. 
The decreased size of the external contacts decreases the 

thickness of the package, and allows an increase in the 

density of ·the conductors, and thus the signal density of the 
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package. rn addition, the external contacts can be 

fabricated using low temperature deposition processe~ such. as 
· eleetroless and electrolyti.c deposition, such that package 

warpage is decreased. Further, the extel:nal contacts can be 
made more uniformly and with improved planarity over 

conventional solder balls. Still further, the external . -

contacts can be shap_ed by etcbing to include a generally 

planar tip portion configured. to bond easily to the mating 

electrodes on a·supporting s~strate. -
In a first elllbodiment of·the·package, the die contacts 

on the substrate also comprise ntulti-l~ered metal. bumps, and 

are bonded to the bond pads on the die with the die in a flip 

chip configuration. In a seconq. embodiment of the package, a 

st~oked die is back bonded to the substrate in a chip-on­
board oonfigur~tion, and is wire bonded to the die contacts. 

rn a third embodiment o.f the package, the die is adhesively 

bonded face down to the substrate in a board-on-chip -

configuration, and is wire bonded to the die contacts. In a 

fourth embodiment · of the package, a ·stacked die is back 
. -

bonded to a recess ~ the substrate in contact with a heat 

spr~der, and is wire bonded to the.die con~aots. 

The method for fabricating the package includes the 

-initial steps of providing the-substrate, and fo:cming the die 

contacts, the conductors and the bonding sites on the 

substrate. The die contacta, the conductors,. and the bon<Ung 

sites can be formed directly on the substrate, or_ by 
. . 

attaching the polymer-tape with these elements thereon.to the 
a~strate. 'l'he :method also includes the step of forming the 

external contacts by deposition of separate metal layers 
. . 

(base layer, ~ layer, outer layer) on the bonding sifes. 

In the embodiment wherein the _die contacts also colt\Prise 
multi-layer metal bumps, the die contacts and the external 
contacts can be fabricated at the same time. The method also 

.includes the step of mounting the die to the .substrate in 

electrical communication with the die contacts on the 
substrate. 'l'he lno\inting step can be performed by wire 
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bonding·, flip chip bonding or 'l'.AB bonding. In addition, the 

method includes .the step of forming the encapsulant on the 

die • 
. 'l'he electronic assembly includes a supporting substra.te, . 

~.one or _more ·of the ·packages flip chip mounted the 

substrate. In an illustrative embodiment the electronic 

·assembly is in the form of a multi-chip module. Because the 

packages have a reduced height, a height of the assembly is 

also reduced. 

Brief Description of i=b.6 ~win~ 
Figure lA is an enlarged soh~tic cross sectional view 

of a·prior art BGA semiconductor package; 

Figure lB is a view of the prior· art J3GA semiconductor 

pa~e taken along section line lB-lB of Figure iA; · 
Figure lC is an enlarged cross sectional view taken 

along section line lC-lC of Figure lB illustrating external 

contacts on the prior art·BGA semiconductor pacltage1 

· Figure 1D is an enlarged schematic cross .sectional view 

illustrating. an electronic assembly donstructed with the 

prior art BGA·semiconductor package; 
Figure 2A is :an enlarged schematic cross sectional view. 

of a semiconductox package constructed in a.ccorda.nce with the 

invention; 
Figure 2B is a view of the package taken.along line 2B-

2B of Figm:e 2A; 
·Figure 2C is an eniarged por~ion of the package taken 

along line 2C of Figure 2A; 

Figure 2D is an. enlaX'ged portion of the package taken· 

along line 2D of Figure 2A; 

Figures 3A-3I are schematic cross sectional views 

illustrating process steps in a method for fabricating t:}le 

package of Figure 2A1 

Figure 4 is a block diagram illustrating additional 

~teps in the method for fabricating the package of Figure 2A; 



P'igure 4A is a block diagram· illustrating steps in a 
prior art method for fabricating the package of Figure lA; 

Figure 5 is ·a schema.tic cross sectional view of· an 

alternate embodiment semiconductor package constructed in 

accorclance with the invention; 

Figure G is a saliematic _cross. sectional view of· an 
alternate. embodi•ent semiconductor package constructed in. 
acco;rdance with the invention; 

Figure 7 is a · schematic cross sectional view of an 

alternate embodiment semiconductor package constructed in 
accordance with the invention; 

figure 8A is a plan view of an electronic assembly that 
includes semiconductor packages constructed in accordance 
. . 

with the invention; and 
Figu~e 8B ii:; a.side elevation view· of the electronic 

assexobly taken along line 8B-8B of Figure SA. 

Detailed Description of the Preferred Embnrliments 

Referring to Figures 2A-2D, ·a semiconductor·l)ackage 50 
constructed in accordance with the invention is· illustrated. 
The package 50 includes a semiconductor die 52;. a.substrate 
54 bonded to· the die 52r and an encapsulant 4.8 encapsul~ting 
the-die 52. 

. . 
The die 52 includes a sexRiconductor substrate, sucb as 

silicon or gallimn arsenide, containing integrated circuits 
f~ricated.using well know processes. The die 52 can be a 
conventional semiconductor c·omponent such as a ·cfynamie random . . 
access memory (DRAM), a synchronous DRAM (SOR.AM), a static 

random-access memory (SRAM),· an erasable programmable read­
only memo:cy (EPROM), a logic circuit (LOGIC), or any other 
semidonductor device that requires packaging. 

As sh~wn in Figure 2A, the die 52 includes a circuit 
side 56 (face) and a back side 58. In addition, the die 52 
includes a pattern of bond pads 60 on the cireuit side 56 in 
electrical communication with the integrated circuits 
contained on the die 52. In the illustrative embodiment, the 
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bond pads 60 comprise planar contacts formed of a bondable 

material (e.g., alUJninum) • However, the · bond pads can· 

.comprise any type of. conventional con~act inc_luding bumped 

contacts. Also for illustrative purposes, the bond pads 60 
ar~ shOWJ;.1 as being recessed below-a passivation layer on the 

circuit side 56 of the die 52 as is conventional. In 

addition, a tbickriess of the di~ 52 can be conventional with 

a thickness of between about· . 0. 2 mm and O. 5 ll1lil being 

representative. 
The· substrate 54. for the package SO comprises an 

electrically insulating material such _as an organic polymer 

resin reinforced with glass fi~rs. Such a material is 

sometimes referred to as a "circ~it board" ma.t·erial, such 
that the sUbstrate 54 can aiso be r~ferre<I to as a "board• •. 

Suitable.materials for the substrate 54 include bismaleimide­
trizine (BT)., epoxy resins (•FR:..,4" and "FR-5•), and polyimide 

resins. A representative thickness of the substrate 54 can 
be from about 0.2 nm to 1.6 ·:mm. 

As ·shown in Figure 2A, the substrate·s4 includes a back 
side _ -62 having an array of extern.al_. contacts ·84, and a_ .. 
.circuit_- side 64 having an i?rray of ~ie conta~ts 86. The 
external contact:s 84 are arranged in a dense grid array and 
function as the terminal contacts.for the package 50. The 

«:Ue contacts 86 are arranged in a pattern matching that of 

the bond pads 60 on the die 52, and function as bonding 
eiements for the bond pads 60 £or flip chip mounting the die· 
52 to the substrate 54. 

As· will pe further explained, the external contacts 84 
·(and also the die contacts 86) comprise multi layered metal 

bumps rather than solder balls as with· the prior art package 

10 · (Figure 1A). Using the fabricati_on process to be 

hereinafter described, the external contaets-84 can be made 
with a smaller height Hand a smaller widthW relative to the 
external contacts 26 (FiguX'e lA) of the prior art package 10 
(Figure lA). Accorcilngly, an ove:rall thickness Tl of the 

package 50 can be less than the overall thickness 'l' (Figure 
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lA) of the prior art package 10. .A ·representative overall 
thickness Tl {Figure 2A) of the package 50 can be from 0.1 mm 
to 1. 4 1'111\. 

As shown in Figure 2B, the external contacts 84 can also 
be ·arranged in a dense grid pattern such as a grid array. 
aecause of the reduced size of the external contacts 84, a 
spacing s between: the external_ contact~ 84 can be great_er 
than a spacing of the external contacts 26 (Figure lA) of the 
prior . art package 10 • Accordingly I . there is more room for 
the conductors 72 for the external contacts 26 and a signal 
density of the package SO can be greater than the pri~r art 
package 10 (Figure lA). 

'l'h.e substrate 54 also includes a solder mask 70 on the . . . 

back side 6~ which provides electrical insulatio~ for the 
external contacts 84. ,As shown in Figure 2C, the solder mask 
70 includes patterns of openings 68 containing bo~ing sites . 
66 for the -external contacts 84. The bonding s"ites 66· are in 
elec_tric:al communication with patterns of conductors 72 on 
the back side. 62 o·f the substrate 54 . which provide signal 
paths for the ex-ternal contacts 84. The subs-tl;-ate 54 als9 
includes internal conductive vias 74 in electrical . . 

· communication with . the conductors 72 that provide signal 
paths· through the substrate.54 to the die contacts 86. 

As shown in Figure 2D, the substrate 5"4 !!ilso include'i a 
solder . mask 80 on the circuit side 64- that provides 
el"ectrioal insulation for the die contacts. 86. · ·The solder 
mask 80 includes openings 82 which contain bonding sites 78 
for the die contacts 86. The substrate 54 also includes 
patterns of conductors ?6 on the ~ircuit. side 64 in 
electrical communication with the bonding sites 78 and with 
the conductive vias 74. 

Preferably, the conductors 72, 76 and the bonding sites 
66, 78 coxnp~ise a highly-conductive, easily-bondable metal 
such as copper. Preferably, the solder masks 70, ao compris~ 
a photoimageable dielectric :material,_ such as a negative or 
positiye tone resist, which can be blanket deposited to a 
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desired thickness, then ex:posed and developed to form the 

openings 68, 82. · 

· As shown in Figure 2Ci each ~ternal contact 84 incl:udes 

a :t;>aselayer 88 on a bonding site 66, a blimp layer 90 on the 

base layer 88, and an outer layer 92 on ·the bump layer 90. 

Each external contact 84 is generallypyrmudal in shape, and 

ino1ude a plan.a>; tip p~rtion·as (Figure 2C). The planar tip 
portion 85 .provides· a :relatively large planar ·area· for 

bonding to-111ating_electrodes 136 _(Pi~e -SB) of a supporting 

substrate 132 (Figure SB). 
As shown in Figure 2D,. ·each die contact 86 also includes. 

a base layer 94 on a bonding site 78, a bump layer 96 on the 
base layer 94, and an outer layer 98 on the bump layer 96 .· 

. Each die contact s.6 is .genera~ly :s;>Yramidal in shape, .and 

include a planar tip portion 87. (Figure 2D). .The planar tip 

portion 87 provides a relatively large· planar area for 

.bonding to the bond pads 60 on the die· 52. 

The base layers 88, 94 can oomp:rise a metal s~ch as 

copper, :that adheres . to· the bonding sites 66, 7 8, whioh · 

preferably also comp~ises aopper. Other suitable metals for 

the base layers as. 94 include nickel, as well as any metal 

capable of dePosition using conventioria1 techniques with good 
adherence to the bonding_ sites GG, 78. 'l'he bump layers 90, 
96 can COll\Prise a metal such as nickel, that can be easily 

deposited to a desired· thiclmess on the base layers 88, 94_. 

Alternate1y the bump lay~rs 90, 96 can comprise a.ny metal. 

that can be ·deposited using conv~tional techniques. The 
outer layers 92, 98 can comprise a non-oxidizing metal that 

will bond easily to mating electrodes on a supporting 

substrate (e.g., PCB). A. preferred metal for the outer 

layers 92, 98 is gold. Other suitable metals for the outer 

layers 92. 98 include platinum. palladium, coppe:r, nickel, 
tin. 

Referring to Figures 3A-3I, steps in a :method for 
fabricating the semiconductor package so (Figure 2A) are 
ill.ustrated ·schematically. .Although ·the steps of the 
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fabrication method are shown as being p~rform.ed using a 

single substrate 54, it is to be understood that t_he steps 

can be perf o:rm~d at the same time on multiple substrates 54 

to ·fabricate. multiple semicondu.ctor packages · 50. · For 

example, multiple substrates 54 ~~ be contained on a panel 

similar to . a lead frame, and .. the fabrication steps can be 

perforined on· all of the substrates 54 on the panel. As 

another alternative, multiple· semiconductor dice 52 ca~ be 

contained on a semiconductor wafer, and a wafer level 

fabrication process can be utilized to attach substrates 54 
. . 

to the dice 52, and to fo.:cm. multiple ~emic~nductor packages 

5 O at the same time. In· ei th~r case, following the 

f abr:l.cation process the panel or the wafer can be singulated 

into individual semiconductor packages SO. 

As ahOMt in FigUre JA,. ·the .substrate 5~ can ~ initially 

provided with layers of copper foil 100, 101 laminated to the 
back side 62, and to the circuit side 64 thereof. The layers 

of copper foil 100, 101 can be laminated· to the substrate 54 

using a laminating press, or other suitable apparatus. The 

layers _of -copper fo~l 100, 1oi· can also include a plating 

layer (not shown), such as.tin, or other· suitable material, 

as is known in the art .. 
~eferably, the substrate.54 can be initially provided 

. . 
as a commercially produced bi-material core, such as a copper 

c:lad bismaleimide-trizine (BT) c::ore, available ·from a 

·coDU11ercial manufacturer such as Mitsubishi · Gas Chemical 

Corp. , Japan. · A representative weis-ht of the copper can be 

·from O.S o~ to 2 oz .. per square foot. Besides bismaleimide­

trizine (B'l'), other suitable materials for the substrate 54 

include epoxy resins, (e.g., "FR-4• and "FR-5•) .and polyimide 

resins. 
The substrate 54 can be fo:cmed with a required thickness 

(e.g., 0.2 mm. to 1.6 mmL .and. then punched, machined, and 

otherwise formed with a required peripheral configuration and 
with required features. itor example, openings (not shown) 

for the conductive vias 74 (Figure 2A) can be -drilled oJ;:" 
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laser machined in the substrate 54 and then plated with a 
conductive material to form the conductive Vias 74. For 
simplicity, the openings·are not shown in the substrate 54. 

Next, as shown in Figul:e 3'.B, dry film photoresist. layers 
· . 102, 103 can be laminated to the layer~ of copper foil 100, 

101 on the back side G2, ana on the circuit side 64 of .the 

substrate· 54. The dry film photor~sist layers 102~ 1P3 can 
conq;;>rise a multilayer organic coiig;>osite.compr~sing a flexible 
photoresist film between release and -cover sbeats.. 'l'he dry 

film photoresist layers 102, 103 can be l~nated to the 
layers of copper foil 100, 101 using i!l suitable apparatus, 
such as a roll laminator. 

Nextr as shown in Figure 3C, the dry film photoresist 
·1ayers 102, 103 can ~e exposed and devel.oped to · form etch 

masks 102M and 103M. Exposure a.lid development of the dry 

film photoresist layers 102, 103 can be performed using 
equipment and techniques that are known in the m:t. IJ.'he etch 
?Pasks 102M, 103M can then be used with a ~ui.table etchant to 
etch the .layers of copper foil 100, 101. This etch step . . . . . 

forms the-bonding sites 78 on the circuit side 64, _and the· 
bonding sites 66 on the back side 62 of the substrate 54. ·:rn 
addition, the same etch step can be used to form· the 
conductors 76 (Figure 2D}-in electrical communication with 
the bonding sites 78, and the C!onductors 72 (Figure 2C) in . 
electrical communication with the bonding sites ~6. For 
simp1icity, the conductors 72, 76 are not shown in Figure 3C. 
Following the etch step, the masks 102M, 103M.can be stripped 
from the substrate 54 u8ing a suitable stripper. 

Although a subtractive process (i.e., etching through 

the masks 102M, 103M) is illustrated to form the bonding 
sites 66, 78 and the conductors 72, 76, an additive process 
(i.e., .i _deposition through_ a mask) can alternately be 
employed. :en addition, although copper is a preferred 
material for the bonding s:ites 66, 78 and the conductors 72, 
,76, other suitable materials include a1uminum, titanium, 
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tungsten, tantalum, ·platinum, molybdenum, cobalt, nickel, 

gold and iridium. 
Next, as shown in Figure 3D, the solder mask 80 can be 

fo:rmed on the circuit aide -64, and the solder mask 70 can J:>e 
formed on the back side 62 of the substrate 54. The solder 
masks 70, 80 can be formed using a suitable photoimageab~e 
resist that is exposed and developed in a required pattern. 
For simplicity, the solder mas~s. 70, 80 are shown as being 
between the bon~ing sites 6.6, 78.. However, in actual 

practice the solder masks 70, ·ao can include tba openings 68 
{Figure 2C) that align with the bond~g sites 66, and the 
openings 82 (Figure 2D) that align with the bonding sites 78. 
Also, tbe solder mask 70 C!an cover the conductors·72 (Figure 
_2C), and the solder mask 80 can cover the conductors 76 · · 

(Figure 2D). 

Next, as shown in Figure 3B, alayer of copper 104 can 
be blanket deposited on the bonding sites 66 to for.m the base 
·iayers 88 for the external contacts 84 (Figure 2C). At the 
same time. a layer of copper 106 can be blanket deposited on 
the bonding sites 78 to form the base layers 94 fo~ the die 
contac:its 86 (Figure 2D). 'l'he layers of co~ 104, 106 can 
also be deposited on the so~der masks 70, 80 ·and will be 
removed later. 

The l.ayers of copper 104, 106 can be deposited to a 
thickness of about 5 µm to 200 11m using electroless 
deposition, follow~ ·by electrolytic deposition. Electroless 

deposition and electrolytic deposition can be performed usi~g 
solutions, e~ipment and techniques that are known in the 
art. Although copper is a preferred metal. for the base 
layers.88, .94, other suitabl.e metals.include nickel, gold.tin 

as well as other depositable metals. Rather than electroless 

~d electrolytic depositio~; the layers of copper 104, 106 
can be deposited using any suitable deposition process. 

Next, as shown in Figure 3F, ~ dry film photoresist can 
be laminated to the layers of copper 104, ·then ~osed and 
developed as previously described, to form a deposition xnask 
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108M on the layer of copper 104, and a deposition mask llOM 

on the layer of copper 106 • 
. Next, ·as shown in Figure 3G, the deposition mask -108M. 

can- be used to. deposit the bump layers 90 (Figure 3G), and 

tbe outer layers .92 (Figure 3G) for the external-contacts 84 
(Figure 2C). Similarly, the deposition mask llOM can be _used 
to deposit the bump·· layers 96 (Figure 3G) and the outer 
layers 98 (Figure 3G) for the die .contacts 86 (Figure.2D). 

Either electroless or electrolytic deposition process can be 
used to deposit the bump layers 90, 96 and the outer layers 
92, 98. In addition, techniques, so~utions and equipment 

that are known in the art can be used to perform the· 
depositio~ processes! 

A representative thickness for the b\1l1l) layers 90, 96 
can be from 0.1 µm to 50 µm. A representative thickness for 
the outer layers 92, . 98 can be from 0. 05 µm to 10 µm. A 
preferred material for the bump layers 90, 96 is nickel. . . 
Other suitable materials for the bUD\P layers 90, 96 include 
CoPper, nickel., · gold, tin as well . as . other·· depositable 

metals. A preferred.material for tbe outer layers 921 98 is 
gold. Other suitable .mater_ials for the outer laY'ers 92, 98 
include copper, nickel·, tin as well as other deposita.ble 
metals. 

Next·, as shown in Figure 3H, the 4eposition masks 108M, 

llOM can be stripped using a suitable stripper. 

Next, as shown in Figure ·3I, the layer of copper 104; 
can be etched to remove the portions thereof on the solder 

mask 70. At the s~e time the layer of copper 10_6 can be 
e~ohed to remove the portions thereof on the solder_ mask 80. 

This.etch step can be performed using an etchant such a~· a 

solution· of iron Qhloride, that selectively etches the layers 
of copper 104, 106 while. the bl.llnp iayers 90, 96 and outer 

layers 92, 98 remain unaffected. 

In addit~on, this etch step can be controlled to define . 
t.he final ~hape of the external contacts 9·4 as generally 

pyramidal with planar tip portiona 85 (Figure 2C), and the 
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final shape of the die contact::; 86 as generally pyramidal· 

with planar tip portions 87 (Figure 2P) • A height H ·of the 

external contacts 84 (and also the die contacts 86) can be 

from about 5~ to any possible deposition height. This 

_height H can be substantially less than the height of the 

external contacts 26 (Figure lC) made from conventional 

solder balls. A X"epresentative width Wat the .base of the· 

external contacts. {and also the die contacts 86) can be from 

. 10 µm to any possible deposition width. This width can also 

be ·substantially' lea-a· than a diameter of the external 

. contacts 26 (Figure le) made from co1:1-~tional solder balls. 

A spacing s of the exte~l contacts ~4 can be selected as 

required and can be substantially large;- than the spacing of 

the external contacts 26 (Figur~ 1C) made frOJn conventional 

sQlder balls .. 
Referring to Figure 4, additional steps in the method 

for fabricating the semiconductor pac:kag:e 50 {Figure 2A)_are 

illustrated in a block diagram. J:nitially, as indicated by 

Block 1, a ·semiconductor wafer containing :multiple · 

semiconductor dice is· provided, and a wafer mount : step is 

performed to JQ.Ouilt the wafer to a wafer dicing appar~tus. 

Next,- as indicated by. Block ~, a saw/dicing step is 

·performed to singulate the wafer into individual dice, which 
include the. die 52 ·(Figure 2A) • 

Next, as indicated by Block. 3, a flip 

die/thermoc~mp~essio~ .step is performed to mount the die 52 

(Figure· 2A) to the substrate 54 (Figure 2A) • Puring this 

step, the bond pads 60 (Figure 2A) on the die 52 are 

thermocompression bonded to the die contacts 86 (Figure 2A} 

on the substrate 54. C'?nventional thermocompression bonding 

techniques and apparatus can be used to perform this step. 

In addition, the substrate 54 can be contained on a panel 

containing multiple substrates, such that multiple dice can 

be bonded form ~ing multiple packages at the same time. 
Next, as. indicated by Block 4, an encapsulation step is 

perform.e.d to form· the encapsulant 48 (Figure .2A). The 
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encapsulant can comprise a Novoloc epoxy resin molded using 
conventional equipment and techniques. In addition, the 

. encapsulant 48 can be molded in a shape that forms a plastic. 
b~ configured to encapsulate the die !;i2 and tbe bonded die 
contacts 86. Again the encaps~lat~on step can be performed 
on a panel containing multiple substrates. 

Next, as ixidicated by Block 5, a laser marking step 1s . . 
performed to mark the package 50 (Figure .2A) with an 
identification number. For ex~le, the identification 
number can be made on an exterior. surface of the encapsulant 
48. 

· ·Next, as ·indicated. by Block 6, a singulation step is 
perfo:cmed to singulate the completed package SQ from the 
strip~ 

Next, as indicated ·w· Block 7 I a module fabrication step 
is performed in which multiple packa,ges . 5 O are used to . . . 
fabricate a module. to be her~inafter described.. 

Figure 4A is a block diagram of a prior art method for 
fabricating the prior art package 10 (Figure 1A} • The 
present fabrication process eliminates the die lamination 
step {Block 3-Figure 4A), and replaces a wire bonding step. 
(Block 4} with the flip die/thermocoll\Pression step (Block 3-
Figure 4). In addition, a ball mount/reflow step. (Bl·ock 7-
Pigure 4A). for attaching solder balls to form the external 
contacts 26 (Figure lA) is eliminated. 

Referring to Figure 5, a semiconductor J?acikage SOA 
constructed in accordance with a seaond embodiment of the· 
invention is illustrated. The package 50A · includes a . . 

~ubstrate 54A having a circuit side 64A and a back side 62A. 
The package SOA also includes a stacked semiconductor die 52A 
back bo~ded to the cirduit side 64A of the substrate 54A in a 
chip-on-board configuration. Adhesive layers· llOA adhesively 
~nd tba stacked die S2A to the substrate S•A and also the 
separate dice of the stacked die 52A to one another. 

'l'he substrate 54A coJQPrises a board material, such as 
bismaleimide-trizine (B'l'), substantially as . previously 
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described for the substrate 54. However, the substrate 54A 
also includes a flexible polymer substrate 112A adhesively 
bonded to the back side 62A of the substrata 54A. The 
polymer substrate-112A is similar in construction to ~ulti 
layered TAB tape used in the art for various packaging 
applications. The poly:ll\er sub$trate l12A includes a polymer 
tape 114A· made of a flexible polymer material, such as 
polyimide •. In addition, th~ polymer substrate 112A includes 
bon~ing sites 78A. and conduct~rs· 72A in electrical 
communication with the bonding sites 78A. The conductors 72~ 
and bonding sites 78A are in electri~al communication with 
conductive vias. (not shown) in the substrate 54A, and ·wit'.µ. 
die contacts 86A on the circuit side 64A of the substrate. 

The polymer ·substrate 112A also includes external 
contac:;ts 94A on the bOnding sites 78A. The external contact$ 
84A are configured substantially as previously descrj,bed for· 
external contacts 84 (Figure 2C). ·As such,· the external 
contacts 84A include base layers 88A, bump layer~ 90A an~ 

. outer layers .92A, which are constructed substantially as 
previously dE.soribed for base layers 88 (Figure 2C) ,. bump. 

layers 90 (Fig\ire 2C) ·and outer layers 92 (Figure 2C). 
The-package SOA also includes ~ires 116A wire bonded to 

the bond pads 60A on the st~cked die 52A and to the die 
contacts 86A on the circuit side 64A of the substrate. 54A. 
In addition, the package SOA includes an encapsulant 48A that . 
f ol:mS a package body and encapsulates the $tacked die 52A, 
the wires 116A, and the associated wire bonds on the bond 
pads 60A and on the.die contacts 86'A. 

A method for fabricating the package SOA c:an include the 
following steps: 

1. Initially the substrate 54A can be pro'Vided and the 
die contacts 86A fo.:rmed on the circuit side 64A thereof using 
an etching process substantially as p:r:eviously described for 
bonding sites 78 . (Figure 3C) • 

2. Next, the polymer substrate 112A can be provided. 
'!'he polymer substrate 112A can be fal:>ricated as a separate 
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element that includes the polymer tape· 114A; the condu~tors 
72A, and.the bonding sites 78A using techniques that are 
known in the art. In addition, tbe polY'mer.substrate 112A 

.can be adhered to the back side 62A of ·the substrate 54A 

using a suitab~e adhesive (not s~own) with the conductors 72A. 
alld the bonding sttes 78A in electriea1.communication with. 
the :die contacts·86A. 

3. Next, the external cont"'cts 84A can. be formed on the 

bonding sites 78A as multi layer metal bumps using 
electro less and electroly·tic d~posi tion ·p.rocesses. 

. . 

substantially as previously decried for.extemal contacts ·a4. 
4. Next, the stacked die. 52A can be ·attached to the 

substrate 54A, and then wire bonded to the die. contacts 86A 
using .techniques and equipment that a+e known in .the art. 

5. Next, · the encapsulant 48A can be mo1ded to tbe 

subiit:rate 54A.using a conventional. transfer molding process. 

Referring . to Figure 6, a. semiconductor package 50:8 
constructed in. accordance with a third· embodiment of the 
invention is· illustrated. . The p~ckage SOB includes a 

sUbstrate 54B and a semiconductor die 52B bonded face.down to 

the substrate 54B in a board-on-chip config:aration. Adhesive 

layers (not. shown) adhesively bond the .die 52B to the 

substrate 54B~ 
The substrate S4B comprises a board mate.rial, such as 

·bismaleimide-trizine (BT), substantiall.y as previously 

described for the substrate 54. In.addition, the substrate 

54B includes a flexible· polymer ·substrate 112B adhesively 
bonded the substrate 54B. The polymer substrate 112B is 
constructed· substantially as previously described. for poly.mer 
substrate 112A. 'l'he ·polymer substrate ·ll2B includes a 

polymer tape 114B made of a flexible polymer material, ·such 

as poly~mide. In addi~ion, the polymer subatrate 112a 

includes bonding sites 78B and conductors 72B in electrical. 
communication with the bonding sites 78:B. 

Wires 116B are bonded to the ... conductors 72B on the 
polymer substrate 112B, ·and to the bond pads 60B on the die 
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S2B~ The substrate 54B includes a bonding opening 122B 

aligned with the bond pads 60B and configured to provide 
aocess for . the wires ·11G:a. In addition, a glob top 

enoapsulant_.118B enc~psulates the wires 116B and assoc;ated 
. . . 

wire bonds. 

The pol~er subst~ate 112B also inc~udes external 

oontacts 84B on the bonding sites 78B. The external contadts 
84B a?:"e configured sub~tantially as previously described for 

·external- contacts 84 (Figure 2C).. 'l'he package soa also 

includes an encapsulant 48B that forms a package body and 

encapsulates the die 52B. .· 

A method ~or fabricating the package SOB can include the 

following steps: 

. 1. · In~tially the. substrate S4B can be provided. 

· 2. Next, .the polymer substrate 112B c~ be provided •. 

The polymer substrate l12B can be ·fabricated as a separate 

elemei::it that includes the polymer tape 114B, the conductors 

72B, and the ~nding sites 78B using techniques that are 
known in.the art. rn addition. the ·polymer substrate 112B 

can be adhered the substrate 54B using a suitable adhesive 

(not shown) .• 

3. Next, the externa.1 contacts B4B can be formed :on the 

bonding sites 78.B a·s · multi layer metal bumps using 
electroless and electrolytic ·deposition processes. 

·substantially as previously decried for external contac~ a·4. 
4. Next, the die·s2a can be attached to the substrate 

54B. and then wire bonded to the conductors 72B using 

techniques and equipment that.are known in the art • 

. S . Next, the encapsula.nt 48B can be molded to the 

substrate 548 using a conventional transfer molding process, 
and the g1ob top·encapsulant 118B can be formed·using a 
conventional glob top prooess. 

Referri~g to Figure 7, a semi.conductor package SOC 

constructed in accordance with a fou:i;th ·embodiment o_f the 

invention is illustrated. The package SOC includes a 
substrata 54C having a recess 124C formed therein. In 
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·addition, the package soc includes.a stacked semiconductor 

·_die -S2C, and a heat spreader i20C w~thin the recess 124C. 

'l'he heat .spreader 120C is bonded· to the. back side of the 

=:itac~ed semiconductor die 52C and . is also bonded to the 

substrate 54C. 
The substrate 54C comprises a·. b6ard material, such as 

bismal~imide-trizine (BT) , substantially. as previously · 
described for the. substrate 54. :In-addition, the substrate 
54C includes a flexible polymer substrate l12C adhesively 

bonde~ the substrate 54C. 'l'he polymer substrate 112C is 
constructed substantially as previously desc~ibed for polymer 
·substrate 112A. The polymer substrate 112C · includes a 
polymer tape 114C inade of a flexible pol:ymer material, .such 
as ·. polyimide. J:n addition, the _polymer subs_t;ra.te 112C 

. includes bonding sites 78c and conductor~ 72C iri electrical 
communi~tion with the bonding sites 78C. 

The package SOC also includes wires ·116C bonded to the. 
conductors 72C on the polymer substrate 112c, and· to the bond 
pads 60C on the stacked die 52C. · xn· addition, a glob top 
enaapsulant 118C encapsulates the Wires 116C and associated 
wir·~ bonds. The polymer substrate 112C al:io inclu~es· · 
external contacts 84.C on the bonding sites 7Sc. The ·e:ic:ternal 

coll.tacts 84C are configured substantially as previously 

described for ~ternal contacts 84. (Figure 2C). 
A method for fabricating the package SOC can i:nclud~ the· 

fo1lowing steps: 
1. Initially. the substrate 54C can be ·provided.. 

2. Next, the polymer substrate 11JC can be provided. 
~he polymer .substrate 112C can be fabricate~ as a separate 

~lement that includes the polymer tape 114C, the conductors 

72C,. and the bonding sites 78C using techniques that· are 

. known in the art. :en addition,, the polymer substrate 112C 
can _be adhered the substrate 54C using a· suitable adhesive 
(not shown) • 

3. Next, the external contacts 84C can be formed on the 
bondi.ng ~:ltes 78C as :multi layer metal bumps using 
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electroless and electrolytic deposition prooe:sses 
substantially as previously decried for external contacts 84. 

4. Next, the heat spreader 120C and the die 52C oa,n be 

attached to the substrate 54B within the races~ 124C, and . . 
then wire bonded to the conductors 72C using techniques and· 
equipment that are known in the art. 

5. Next, the glob · top encapsulant 118C can be formed 

using a conventional glob top proceaa. 
Referring to Figures SA and BB, an elect~onic asseml;>lY 

130 constructed with a plurality of semiconductor packages 

50, SOA, SOB or SOC is illustrated. . In the ill~strative 
embodiment the electronic assembly 130 comprises a multi chip 

module. However, other electronic assemblies can also be 
constructed using one or more·of the semiconductor paekages 

50, 50A, SOB or SOC. 
The assembly 130 includes a supporting substrate 132,. 

and an edge connector 134 on the substrate 132. · The 
·substrate 132 ·also in.eludes a plurality of eleotrodes 136 
(Figure SB) ·in electrica1 colQll\un.ication with the edge 
connector 134. The semiconductor packages 50, SOA, SOB or 
soc are :inounted to the substrate 132 with the external 
contacts 84, 84A, 84B or 84C on the send.conductor packages 
SO& SOA, SOB or SOC bonded to the electrodes 136. Because 
the semiconductor packages 50, SOA, SOB or SOC have a reduced 
overall thickness Tl (P.rofile), the assembly 130 also has a 
reduced thickness TA· (profile) • 

Thus the invention provides an improved semiconductor 
package, a method for fal>ricating the package, and improved 
semiconductor assemblies constructed with the package. While 
the in~ention has been described with reference to certain 
preferred embodiments, as will be apparent to those skilled 
in the art, certain changes and modifications can be made 
without departing from the soope of the invention as defined 
by the.following claims. 
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WHAT IS CLAJ:MED IS: 

1. A semiconductor package comprising: 
a substrate comprising a plurality of bonding sites; 
a semiconductor die on the substrate comprising a 

plurality of bond pads in electrical communication with the 
bonding ::aites; 

a plurality of external contacts on the bonding sites, 
each ext~al contact comprising a .first metal layer on a 
bonding site, a second metal layer on the first metal layer, 
and a non-oxidizing outer layer on tJ?.e second metal layer; 
and 

an encapsulant on tjie substrate encapsulating the <lie. 

2 • 'l'he semiconductor package of claim 1 further 
-coXQPrising a plurality of die contacts on the substrate in 
electrical communication with the external contacts, the die 
contacts comprising multi layer metal bumps bonded to the 
bond pads on the die. 

3 . The semiconductor package of clainl 1 further . 
comprising a plurality of die contacts on the substrate in 
electrical communication with ·the external contacts, and 
wherein the die is back bonded to the substrate and wire 

.bonded to the die contacts. 

4• The semiconductor package of olaim 1 wherein the 
first metal layer comprises copper, the second metal layer 
comprises nioke1, and the non-oxidizing outer layer comprises 
gold. 

S. The semiconductor package of c1ailtl l wherein the 
substrate comprises a material· selected from the group 
consisting of bismaleiinide-triz.:µie ·(BT), epoxy resins, and 
polyinrl.de resins. 
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6. The semiconductor package of dlailn l wherein the die 

is wire bonded to the substrate in a chip-on-board 

configuration. 

7. The semiconductor package of claim 1 wherein tbe die 
is· wire bonded ·to the substrate in a board-on-chip 

configuration. 

B. The semiconductor package of claim · l wherein the 
substrate includes a recess and the die is contained in the 

recess in contact with a heat spreader. 

9. ·A semiconductor package cOJPprising: 
a substrate c<>Iqpr!sing a board material; 
a plurality of die contacts on the substrate and a 

plurality of external contacts on the substrate in electrical 
' . 

communication with the dte contacts, each ·die contact and 

each external oontact comprising a base metal layer, a b\lll\p 

metal layer_afld anon;,.oxidizing .outer metal layer;- and 
a semiconductor .die flip chip mounted to the subStrat~, · 

the die comprising a plurality of bond pads bonded to the die 
contacts. 

10 • The semiconductoX' package of claim 9 further 
coinprising an enca.psul~t on the Sub$trate encapsulating the 
die. 

11. The semiconductor package of c~aim 9 wherein the 
base meta1 layer comprises copper, the. bump metal layer 
co~prises nickel, and the non-oxidizing outer metal layer 
comprises gold. 

12. The semiconductor package o; claim 9 whe~ein each 
die contact and each external contact is generally pyramidal 
in shape with a planar tip portion. 
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13. The semiconductor padkage of claim 9 further 
comprising a solder mask on the substrate configured to 
electrically insulate the external contacts. 

14 •. A semiconductor package cOttQ;>rising: 
a substrata ha~ing a first side and an opposing second · 

side; · . . . 
a plural'ity of die contacts on the first side comp~iaing. 

first multi layered metal bUJQps having generally planar first 
.tip portions; 

a plurality of 9J(ternal contacts ~n the second si~e:in 
electrical communication: with the die contacts comprising 
second multi layered ·metal bumps having generally planar 
second tip portions; and 

a semiconductor die flip chip mounted to the substrate, 
the die comprising a plurality of bond pads bonded to the die 
contacts. 

15. The semiconductor pack.age of claim 14 wherein each 
first multi layered metal bump and each second multi layered 
metal bump comprises a copper layer, a nickel layer and a 
gold layer. 

. . 
16. The sendc9nductor package of· claim 14 further 

comprising an encapsulant on the substrate encapsulating the 
die. 

· 17. The semiconductor package of claim 14 wherein the 
die contacts have a pattern :matching that of the bond pads on 
the die and the external contacts are in a grid array. 

18. A semiconductor package comprising: 
a substrate having a first side and an opposing second 

side; 

a plurality of die contaat;s on the first side; 
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a plurality of bonding sites on the second side in· 

electrical communication with the die contacts; 
a plurality of external contacts on the bonding sites, 

each external contact comprising a first metal layer.on .a 
bonding site, a second metal layer on the first metal layer, 
and a non-oxidizing third metal layer on the second metal 
layer; and 

a semiconductor die back bonded to the first side in a 
chip-on-bQard config\iration, the die COJt\Prising a plurality 
of bond pads wire bonded to the die contacts. 

19. .The sentloonductor package of claim 18 wherein the 
first metal l~yer comprises copper, the second metal layer 
comp;ri::;es · nic~el and the non-oxidi2iing third metal layer 
comprises gold. 

20. 11'he semiconductor package of o1aim 18 further 
~omprising an encapsulant on the substrate encapsulating the 

die. 

21. The semiconductor package of claim lS wherein the 
substrate comprises a material selected .from the group: 

consist.ing of bi-smaleimide-tr~.zine (BT), epox:y resins, and 
polyimide resins. 

22.. A semicoudlictor package comp~ising: 
a subsb:ate having a first side, an opposing second- side 

and an opening; 

a· plurality of bonding sites on the second side and a 
piurality of conductors on the second side in electrical 
communication with the bonding sites; 

a plurality. of external contacts on the bonding sites, 
each external contact comprising a fi~st metal layer on a 
bonding site, a second metal layer on the first metal layer, 
and a non-oxidizing third metal layer on the second meta1 
layer; and 
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a semiconductor die bonded to the f ir~t side in a board­
on-chip configurati9n, the die comprising a plurality of bond 
pads aligned with the opening and wire bonded to the 
conductors. 

23. . 'the semiconductor package of claim 22 wherein the 
first metal layer coxnprises copper, the second metal layer 
comprises nickel and the third metal layer comprises gold. 

24~ The semiconduct<?r package of. claim 22 further 
comprising an encapsulant on the substrate enc:::ai;>sulating·the 
die. 

25. . The senU.oonductor package of claim 22 wherein the 
substrate comprises a material s_elected from the group 
consisting of bismaleimide-triz:ine (ST), epoxy resins, and 

polyimide resins. · 

26. -A sellticonductor package comprising; 
a substrata having a first side, an ·opposing.second side 

and a recess; 
a plurality of bonding sites on tbe second side and· a 

piurality of conductors o~ the second side in electrical 
conmunication with the bonding sites; 

a plurality of external contacts on the bonding sitea, 
~ach external contact ·coll\Prising a first metal layer on a 

bonding site, a second metal layer on the first metal layer, 
and a non-oxidizing third metal layer on the second metal 
layer; . 

a heat spreader in the rec:ess1 aud 
. . 

a semiconductor 4ie in the recess in contact with the 
heat.spreader, ·the die CO!l\Prising a plurality of bond ·pads 
wire bonded to the conductors. 
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27. The semiconductor package of claim 26 further 

comprising an enoapsulant in the recess encapsu1ating the 

die. 

28. crhe semiconductor package of claim 26 wherein the 

first metal layer comprises copper, the second metal ~ayer 
COll\Prise:a nick.el and the third metal layer comprisea gold. 

29. The semiconductor package of claim 26 wherein the 
substrate comprises a material se1ected from the group 

consisting ·of bismal.eimide-trizine CB'.1') , epoxy resins~ and 

polyimide resins. 

3 O • A method for fabricating a semiconductor package 

coiqprising: 

providing a substrate comprising a.board material; 
fo:rming a plurality of bonding sites on the substrate; 
depo'3iting first metal layers on the bonding sites; 

. . 

depositing second metal layers on the first metal 
layers; 

depositing non-o~idizing third metal 1-ayers on the 

second · metal layers to form external contacts for the 
package., and 

. mounti-ng ~- semiconductor d·ie to the substrate in 

. electrical communication with the external c·ontacts. 

31. The method of claim 30 wherein the depo.siting the 

first metal layers step comprises electrolessly or 
electrolytically depositing copper on the bonding sites. 

32. 'l'he method of claim 31 wherein the depositing the 

second metal layers step comprises eleotrolessly or 

electrolytically deposit~g nick~l on the first metal layers. 
• I • • 
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33. The method of claim 32 wherein the depositing the 

third metal layers step comprises electrolessly or 

electrolytically depositing gold on the second metal layers. 

34. The method of claim 30 further. comprising forming a 

plurality of die contacts on the substrate comprising multi 
layered metal ]:)umps and the mounting .step comprises bonding 
the die to the die contacts in a flip chip configuration. 

35. A method for fabriaating a semiconductor package 
cODQ;>rising: 

providUig ~ semic~duotor die comprising a plurality· of 
bond pads; 

providing a substrate having a ·first . side and an 
opposing second side; 

forming a plurality of die contacts on the first side 
and a plurality of external contacts on the second side·in 
electrical communication with the die contacts, each die 
contact and each external contact comprising a base metal 
layer, a bump·metal layer, a non-oxidizing outer metal layer 
and a generally planar tip portion; and . 

mounting the die to the first side in a flip chip 
configuration with the bond pads bonded to the die contacts. . . 

36. The · method of claim 35 further comprising 
encapsulating the die. 

37. The method of claim 35 wherein the base metal .laye:r: 

comprises copper, the bump metal 1ayer comprises nickel and . 
the non-oxidizing outer metal laye;r comprises gold. 

38. The method of alaim 35 wherein the substrate 
comprises a material selected from the group consisting of 
bismaleimide-trizine ··(BT), epoxy ·resins_, and polyim.ide 
resins. 
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39. The method of claim 35 wherein the. forming step 
comprises ·elec~roles~J,.Y cir electrolytically depasi ting· the 

bal!!e.metal layer. the bUl1\P metal layer and the non-oxidiz~ng 
outer metal layer. 

40. A method.for fabricating a semiconductor package 

comprising: 
proviaing a substrate coJDPrising .a board material having 

a first side and all opPC>sing second side; 
forming a plurality of ·first bonding sites on the first 

side. and a plurality of· second.bonding sites on the second. 
side in electrioal communication with the first bonding 
sites.; 

depositing first metal layers on the first bOnding· sites 
and on the second bonding sites 1 · 

. depositing second metar layer.s on the . •first metal 

layers; 

depositing non-oxidizins, third metal layers on the .. 

second metal 1ayers .to .f.o~ a plurality. of die contacts on 
the f.irst side and a plurality of external. contacts for the 
package on the second aide; and 

flip chip mounting a.semiconductor die to the substrate 
cy- bonding the cile to the die oontacts. 

41. The :method of claim 4 0 wherein the flip chip 

mounting step comprises thermocompression bonding bond pads 
on., the die to the <Ue ~gntacts. 

42 • '.rhe method of claim 40 wherein each . of the 
depo::siting steps comprises· electroless or electrolytic 

deposition. 

43. 'l'he .method of claim 40 further comprising 
encapsulating the die in an encapsu1ant. 
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44. The method of claim 40 wherein the first metal 
layers comprise copper, the second metal layers comprise 
nickel, and ~l;le thir~ metal laye;s comprise gold. 

45. The method of claim 40 wherein the substrate · 
coJttprises a material selected from.the group consisting of 
bfsmaleimide-trizine (BT) , epoxy resins, · and polyimide 

resins. 

46. A method for fabricating a semiconductor package 
comprising: 

providing a semiconductor.die comprising a plurality of 
bond pads: 

providing a substrate having a first side and an 
opposing second s.ide; 

fozming a plurality of die <'lontacts on the first side; 
forming a plurality of bOnding sites o~ the second side 

in electrical communication with the die contacts; 
forining a plurality of external ·contacts on the sec~nd 

side1 each external contaat-oompris.ing a first metal layli!r on 
a bonding si~a, a second metal layer on the first metal 
1ayer, and a non-oxidizing third :metal layer on the second 

. metal layer; 

mounting the die to the first side in a chip-on-board 
configuration; and 

wire bonding the bOnd pads to the die contacts. 

4 7. The method of c1aim 4 6 further comprising 
encapsulating the die in an eucapsulant. 

48, ':l'he method of claim 46 wherein the first metal . . ~ 

layer comprises coppe:r, tbe second .metal layer . comprises 
nickel, and the third metal layer comprise gol<\. 

49. The method of claim 46 wherein the sub:;wtrate 
comprises a material selected from the group·oonsi$ting of 
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· bismaleimide-trizine (BT), epoxy resins, and polyimide 

resins. 

50. A method for fabricating a semiconductor package 

COJDprising': 
providing a semiconductor die comprising a plurality of 

bond pacls; 

providing a substrate having a first side, an opposing 

second side and an opening; 

forming a plural~t¥ of.bonding sites on the second side 
and a plurality of conductors on _the second side . in 
electrical communication with the bonding sites; 

forming a plurality of external contacts on the second 

side, -each external contact ~omprising a first metal layer on 
a bonding site, a second.metal layer on the first ~etal 
layer, and a non-oxidizing third metal layer on the second 
metal layer; 

mounting the die to the first side in a board-on-chip 

configuration with the bond pads aligned ~ith the opening;­

and 
wire bonding the bold pads to the conductors. 

- 51. The method of claim 50 further comprising forming -
an encapsulant -in the openixig. 

52. The method of claim SO wherein the first metal 
layer comprises copper, the second metal layer comprises 
nickel, and the third metal·layer comprise gold. 

53. 'l'he method of claim -50 wherein the substrate 

comprises a ;material selected from the group consisting of 

bismaleimide-trizine (BT), epoxy resins1 and polyimide 

resins. 

54. A method !Qr fabricat;ng a semiconductor package 
COirQ;>rising: 
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providing a sendcoJ2.dUctor die coll(priaing a plural·ity Of 

bond pads;. 
providing a substrat:e having a first side, an opposing 

seaond·side and a recess .in the second side; 
forming a plurality of bonding sites on the second side 

and a plurality of conductors on the second side in 
electrical conuuunication with the bonding sites; 

forming a plurality of externa~ contacts on the s~cond 
side, each external contact c9mprising a first me.tal · l:aY"er on 
a bonding site, a second metal laye~ on the first me~al 
layer, and.a non-oxidizing third ltletal ·layer on the second 
metal layer1 

mounting the die in the recess in-contact with a heat .... 
spreader; and 

wire bonding the l:;Jond pads to the conductors. 

SS. The method of claim 54 .further coirprising forming 
an en.c:apsulant in the recess. 

!;i 6. The method of claim 54 wherein the first !lletal 
layer comprises copper, the second •etal layer comprises 

· nickel, and the third metal layer comprise gold . 

. . 

57. The method of cl~im 54 wherein. the · substrate 
comprises a ·material selected from the group c~nsisting of 
bismaleimide-trizine (BT), epoxy resins, and pol~imi~e 

resins. 

58. An electronic assembly c:OIPprising: 
a supporting ·substrate ·comprising a plurality of 

e1ectrod.es; 

at least one semiconductor package on the supporting 
substrate comprising: 

a substrate comprising a plurality of bonding· 
sites; 
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a semiconductor die on the substrate.comprising a 

plurality of bond pads in electrical communication with the 

bonding sites; and 
a plurality of external contacts on the bonding 

sites bonded to the electrodes on the substrate, each 
external contact comprising ~ first metal iayer on a bonding 

site, a second metal layer on the first metal layer, and a. 

non-oxidizing outer 18.yer on the second metal layer. 

59. 'l'ha assembly of claim 58 :wherein the s~strat;e aI?-d 

the package are configured as.a multi ¥P module. 

60 •. The assembly of alaim.58 w~rein the first metal 
layer comprises copper, .the second tnetal layer comprises 

nickel, and the non-oxidizing outer layer coJ.qprises gold. 

61. The assembly of claim 5 8 wherein the .package. 
further comprises a plural! ty of die contacts on the 
substrate in elec:trical · co1nmunication with the external 
contacts, the die cont.acts CO!l\P:t"ising multi layer metal bwnps 

bond~ to the bond pads On the die. 

62. An electronic assembly conprising: 

a supporting substrate comprising a plurality of 
electrodeS; and 

a semiconduotor package comprising a sµbstrate, · a 

plurality of die contacts on the substrate comprising first 

ll\Ulti layered metal· bumps having generally planar first tip 
portions, a sendcondu~tqr die bonded to the die contacts in a 
flip chip configuration, and a plurality of external contacts 
on the substrate i~ electrical communication with the die 
contacts ooaprising second multi layer metal bumps having 

generally planar second tip portions bonded to the 
electrodes. 
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63. The assembly o'!!_ claim 62 wherein each die contact 
comprise a copper layer, a nickel layer and a.gold layer. 

64. The assembly of claim 62 wherein eac:h external 
contact comprise a copper layer, a niokel. layer and a gold 
layer. 


