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SEMICONDUCTOR PACKAGE HAVING SUBSTRATE WITH MULTI-LAYER
METAL BUMPS

Field of the Invention

This invention relates generally to semiconductor
packaging, and specifically to a semiconductor package that
includes a substrate having external contacts, and optionally
die contacts, formed as multi-layer metal bumps. This
invention also relates to a method for fabricating the
package, and to electronic assemblies incorporating the

package.

. d of the Inventi

One type of semiconductor package is referred 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 fesin (e.g., -"FR-4") or a polyimide resin. The
substrate also includes a pattern of conductors, such as
copper traces formed directly on the substrate, or
alternately on a flexible tape attached to the substrate,

One type of BGA package i& known as a BOC (board-on-
chip) package. With a BOC package, the substrate (i.e., the
board) is bonded to the circuit side (face) 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 BGA package is
known as a COB (chip-on-board) package. With a COB package,
the die is 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 subgtrate also includes external contacts in
electrical communication 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
includes a stacked pair of semiconductor dice 12, 14, each



having a pattern of bond pé.ds 16 on a -éircui_t: side_' thereof.
The dice 12, 14 are sized, and bonded to ome anothexr, such
that the bond pads 16 are exposed for wire bonding. The bond .
pads 16 are in electrical communication with the integrated
circuits and semiconductor devices contained on the dice 12,
14. The BGA package 10 also includes a substrate 18 and
adhesives layers 20 which bond the dice 12, 14 to one another
and to the substrate 18. The substrate 18 includes die
contacts 22 configurgd' For wire bonding to the dice 12, 14.
Specifically, wires 24 are bonded to the bond pad 16 on the

‘dice 12, 14 and to the die contacts 22 on the substrate.

'I'he'BGA package 10 also includes a polymer tape 28 on
the substrate 18, and an airray of external contacts 26 on the
polymer tape 28 in electrical communication with the die
contacts 22 on the substirate 18. Conductoxs -(not shown) on.
the polymer tape 28 and interlevel conductors (not shown) om .
the substrate 18 electrically comnect the external conté_.dt"S _
26 to the die contacts 22. Typically, the polymer tape 28

" includes a flexible polymer substrate, such as polyimlde, on

which required circuit patterns are formed.

The external contacts 26 comprise solder balls in a grid
array, such as a ball 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 28 using a bonding
technique such as .sqld_ering,' welding or brazing. In-:
addition, a solder mask 34 includes openings 36 (Figure 1C)
for aligning the external contacts 26 for bonding, and for
electrically insulating the external contacts 26 from one
another. - '

The BGA package 10 also :.ncludes an encapsulant 32 that.
encapsulates the dice 12, 14, ‘the wires 24, and the
associated wire bonds on the bond pads 16 and on the die
contacts 22, Typically, the encapsulant 32 comprises a
Novolac based epoxy Fformed in a desired shape using a
transfer molding process, and then cured using an oven.
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One feature of this {:ype of BGA package 10 is that due
to. their size, the external contacts 26 add comsiderably to

‘the ‘thickness T (Figure .lA) of the BGA package 10. For

example, conventional solder balls typically have a diameter
of from about 0.012-inch (0.3-mm) to 0.030-inch (0.762-mm}.
The size of the external contacts 26 also limits the density
or “packing fraction* of the external contacts 26.
Similarly, due to their size, the spaces between the external

" contacts 26 are xrelatively small, so 'that the routing of the

coxrresponding conductors on the polymer tape 28 in the spaces

' is restricted.

It would be advantageous to be able t'o' fabricate
external contacts that are smaller than conventional solder
balls. This would decrease the height of the BGA package 10.
In addition, smaller external contacts could be spaced
further apart allowing the density of the conductor pattern
on the polymer substrate 28 to increase. This in turn would

decrease the peripheral outl:.ne, or “footpr;.nt'; of the 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 in the ywdirection as indicated by AY in Figure
1B. <These variations in the locations of the external
contacts 26 may be due to mask alignment and art work exrors

" introduced during fabrication of the bonding sites 30, and

during fabrication of the solder mask 34.

| Another problem with external contacts 26 in the form of
solder balls is that the planarity of the extermal contacts
26 may vary. For example, as shown in Figure 1C, the middle _
external contact 26 is offset from 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 mcapsulant 32.
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 form of solder balls is illustrated-in‘Figure 1D.. Typically

the package 10 is mounted to a supporting substrate 38 (e.g.,
PCB), by reflowing the exfernallcontacts 26RF onts electrodes
40 on the supporting substrate 38. A solder mask 42 on the
supporting substrate 38 facilitates'the'SOIGering’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 planarlty PP (where PP is a plane generally parallel
to the surface of the supporting substrate 38).

Another problem associatedﬁwith external contacts 26 in
the form of solder balls, is that poor gquality solder joints

between the extermal contacts 26 and the bonding sites 30 can -

cause opens and shorts, or can cause the external contacts 26
to separate from the bonding sites 30. Poor quality solder'.
joints can also cause the external contacts 26 to separate

‘from the bonding sites 30. - In general, the quality of the

solder joints is affected by the surfaca topography of the

bonding sites 30 and by the thermal profile and cycling times
of the bonding process. Similarly the quality of the solder
joints between the reflowed external contacts 26RF (Figure
1D) can cause opens and shorts, and planarity problems for'

the package 10.

In view of the foregoing improved semiconductor packages

'having better external contacts are needed in the art. ‘The
‘present invention is directed to an improved semiconductor.

package having wmulti layered external contacts, and
optionally multi layered die contacts. The present invention
is also directed to a method for fabricating the package, and

‘to improved electronic assemblies incorporatipg the package.-
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In accordance with the present 'invention, an improved
semiconductor péckage, a method for fabricating the package,
and an electronic assembly incorporating the package are
provided. ' . | y I

The package includes a substrate, a semiconductor die

~mounted to the substrate, and an encapsulant melded to ,th'é

substrate encapsulating the dié. The substrate comprises a
conventional “board" material such ‘as an organic polymer
resin reinforced with glass fibers. 1In additiom, ' the
subgtrate includes die contacts that are placed in elect-riéal
communication with bond pads on the die using a process such
as thermocompression bonding, wire bonding or TAB bonding.
The substrate also includes conductors and bonding sites in
electrical communication with the die contacts. - The
conductors and bonding sites can be. formed directly on ’L;he'
substrate,. or on a flexible pblymer tape attached to the
substrate. _ o
The package also includes external contacts on the

‘bonding gites arranged in a demse grid array, and configured

as input/output ports for the package. The external contacts
comprise multi layered metal bumps that include a base layer

(first layer) on 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
conprise copper. The bump layer comp}:ises a metal such as
nickel, that can be easily deposited to a desixed thickness
on the base layer. The outer layer comprises a non-oxidizing R
matal, such as gold, that will bond easily to mating
electyrodes on a supporting substrate (e.g., PCB). .

One advantage of the package is that the external
contacts can be made smaller than coﬁventional 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 demsity of the
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package. In addit:n.on, the external contacts can ' be
fabricated using low temperature deposition processes such as

‘electroless and electrolytic deposition, such that package

v}arpage is dacreased. Further, the external contacts c¢an be
made more uniformly and with imprbved planarity over
conventional solder balls. Still further, the external
contacts can be shaped by etching to include a generally
planar tip portion configured to bond easily to the mating
electrodes on a supporting substrate.

In a first embodiment of -the package, the die contacts
on the substrate also comprise multi*lagyéred metal bumps, and
are bonded to the bond pads on the die with the die in a flip
chip configuration. In a second embodiment of the package, a
stacked die is back bonded to the substrate in a chip-on-

" board configuration, and is wire bonded to the die contacts.

In 2 third embodiment of 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 embodimezit of the package, a stacked die is back

bonded to a recess in tha substrate in contact with a heat
spreader, and is wire bonded to the die contacts.
The method for fabricating the package includes the

‘initial steps of providing the substrate, and forming the die

contacts, the conductors and the bonding sites on the
substrate. The die contacts, the conductors, and the bonding
sites can be formed directly on the substrate, or . by
attaching the poly:her tape with these elements thereon to the
substrate. The method also includes the step of forming the
external contacts by deposition of separate metal layers
{base layer, bump layer, outer 1ayer) on the bonding sgites.
In the embodiment wherein the die contacts also comprise

- multi-layexr metal bumps, the die contacts and the external

contacts ¢an be fabricated at the same time. The method also

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

elactrical communication with the die contacts on the
subgtrate. ‘The mounting step can be performed by wire
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bonding, £lip chip bonding or TAB bomding. In addition, the
method includes the step of forming the encapsulant on ths
die. : ' o _

. The electronic assembly includes a supporting substrate, -
and one or moxe -of the packages flip chip mounted the
eubstrate. In an illustrative enbodiment the electronic
assembly is in the foxm of a multi-chip module. Because the
packag'es have a reduced height, a height of the assembly is

also reduced

. Figure 1A is an enlarged schematic cross sectional view
of a prior art BGA semiconductor package;

Figure 1B is a view of the prior art BGA semiconductor
package taken along section line 1B-1B of Figure 1A;

Figure 1C is an enlarged cross secticnal view taken—
along section line 1C-1C of Figure 1B :x.llustrating external
contacts on the prior art BGA semiconductor package;

- Figure 1D is an enlarged schematic cross sectional view

', J.llustrating an electronic assembly constructed with the

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

_.'of a semiconductor package constructed in accordance with the

invention;
" Pigure 2B is a view of the package taken along line ZB-
2B of Figure 2A; -
.~ Pigure 2C is an enlarged portion of the package taken
along line 2C of Figure 22; :
Figure 2D is an enlaxged portion of the package taken’

. along line 2D of Figure 2ZA;

Figures 3A-3I are schematic cross sect:n.onal views
illustrating process steps in a method for fabricating the
package of Figure 2A; :

Figure 4 is a block diagram illustrating additional
steps in the method for fabricating the package of Figure 2a;



Pigure 4A is a block diagram-illustrating steps in a
prior art method for fabricating the package of Figure l1A;

Figure 5 is a schematic cross sectional view of an
alternate embodiment sgemiconductoxr packagelconstructed in
accordance with the invention; '

Pigure 6 is a schematic crosyg sectional view of an
alternate embodiment semicondnctor package constructed in
accordance with the invention; .

Figure 7 is a schematic cross sectional wview 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

Figure 8B is a.side elevation view" of ‘the electronic
asseMbly taken along line 8B-8B of Figure 8A.

Referring to Figures 2A-2D, a semicondnctor-package'sd
constructed in accordance with the invention is illustrated.
The package 50 includes a semiconductor die 52; a. substrate
54 bonded to the die 52; and an encapsulant 48 encapsulating
the die 52. .

The die 52 includes'a semiconductor substrate, such as
silicon or gellium arsenlde, containing integrated circuits
fabricated using well known processes. The die 52 can be a
conventional semiconductor component such as a dynamic random
access memory (DRAM), a synchronous DRaM (SDRAM), a static
random~-access memory (SRAM), an erasable programmable read-
only memory (EPROM), a logic circuit (LOGIC), or any other
semiconductor device that requires packaging.

As shown in Figure 2a, the die 52 includes a circult
side 56 (face) and a back side 58. In addition, the die 52
includes a pattern of bond pads 60 on the circuit side 56 in
electrical communication with the integrated circuits
contained on the die 52. In the illustrative embodiment, the



bond pads 60 comprise planar contacts formed of a bondable
material (e.g., aluminum). . Howewver, the bond pads can
conprise any type of conventional contact including bumped
contacts. Also for illustrative purposes, the bond pads 60

are shown as being recessed below a pas51vation layer on the
circuit side 56 of the die 52 as is conventional. In
addition, a thickness of the die 52 can be conventional with
a thickness of between about 0.2 mm and 0.5 mm keing
representative.

The substrate 54 for the package' 50 comprises an
elactrically insulating material such as an organic polymer
resin reinforced with glass fibers. Such a material is
sometimes referred to as a "circuit board" material, such
that the substrate 54 can also be raferred 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
ba fram gbout 0.2 mm to 1.6 mm.

As shown in Figure 2a, the substrate 54 includes a back

'side_ﬁz having an array of external.contacts 84, and a .

circuit side 64 having an array of die contacts 86. The
external contacts 84 are arranged in é dense giid array and
function as the terminal contacts.for the package 50. The
die contacts 86 are arraﬁged in a pattern matching that of
the bond pads 60 on the die 52, and function as bonding
elements for the bond pads 60 for flip chip mounting the die’
52 to the substrate 54.
-_ As will be further explaived, 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 fabrication process to be
hereinafter described, the external contacts 84 can be made
with a smaller height H and a smaller width W relative to the
extexnal contacts 26 (Figuxe 1aA) of the pribr art package 10
{Figure 1A). Accordingly, an overall thickness Tl of the
package 50 can be less than the overall thickness T (Figure
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14) -of the prior art package 10. A representative 'over'all _

thickness T1 (Figure 2A) of the package 50 ¢an be fxom 0.1 mm

to 1 4 mm.
As shown in Figure 2B, the external contacts 84 can also

be arranged in a dense grid pattern such as a grid array.

Because of the reduced size of the external contacts 84, a
spacing S between the external contacts 84 can be greater
than a spacing of the external contacts 26 (Figure 1A} of the
prior art package 10. Accordingly, there is more room for
the conductors 72 fox the external contacts 26 and a sighal
density of the package 50 can be greater than the prior art
package 10 (Figure 1a). '

The substrate 54 also includes & solder mask 70 on the
back side 62 which provides electrical insulation for the
external contacts 84. As shown in Figure 2C, the solder mask

_76 includes pétterns of openings 68 containing bonding sites .

66 for the external contacts 84. The bonding sites 66 are in
electrical communication with patterns of conductors 72 on
the back side 62 of the substrate 54 which provide signal
paths for the externall contacts 84. The substrate 54 also
includes internal conductive v:.as 74 in electrical

-commun:.cation with the conductors 72 that provide signal

paths through the substrate 54 to the die contacts 86.

As shown in Figure 2D, the substrate 54 also includes a
solder mask 80 on the circuit side 64 that provides
electrical insulation for the die contacts 86. The solder
mask B0 inecludes openings 82 which contain bonding sites 78
for the die contacts 86. The substrate 54 also ineludes
patterns of conductors 76 on the circuit side 64 in
electrical communication with the bond:.ng gites 78 and with
the conductive vias 74. - : :

Preferably, the conductors 72, 76 and the bonding sites
66, 78 comprise a highly-conductive, easily-bondable metal
such as copper. Preferably, the soldér masks 70, 80 comprise
a photoimageable dielectric material, such as a negative or
positive tone resist, which can be blanket deposited to a
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desired thickness, then exposed and developed to form tha

openings 68, 82. .
As shown in Figure ZC, each external contact 84 :anludes _

a base layer 88 on a honding site 66, a bump layer 90 on the
base layexr 88, and an outer layer 92 on -the bump layer 90.

Each external contact 84 is generally pyramidal in shape, and
include a planax tip portion 85 (Pigure 2C). The planar tip
portion 85 provides a . relat:.vely laxrge planar area for
bonding to mating electrodes 136 (Figure 8B) of a supporting
substrate 132 (Figure 8B). - |

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 86 is genexally pyramidal in shape, and

include a planar tip portion B87. (Figure 2D). ‘The planar tip
portion 87 provides a relatively large: p].anar area for
bonding to the bond pads 60 on the die 52. :
The base layers 88, 94 can comprise a metal such as
copper, that adheres to the bonding sites 66, 78, which
preferably also comprises copper. Other suitable metals for
the base layers 88, 94 include nickel, as well as any metal

‘capable of deposition using conventiocnal techniques with good

adherence to the bonding sites 66, 78. The bump layers 90,
96 can comprise a metal such as nickel, that can be easily
deposited to a desired thickness on the base layers 88, 94.
Alternately the bump layers 90, 96 can comprisa any metal.
that can be -deposited using conventional 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 inc¢lude platinum, palladium, copper, nickel,
tin. .-

Referring to Figures 3A-3T, steps in & method for
fabricating the semiconductor package 50 (Figure 2a) are
illustrated 'schematically. Although the sgteps of the
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. fabrication method are shown as being performed using a
single substrate 54, it is to be understood that the stéps
can be performed at the same time on multiple substrates 54
to fabricate multiple semiconductor packages 50. For
example, multiple substrates 54 can be contained on a panel
similar to a lead frame, and the fabrication steps can be
performed on all of the substrat'es ‘54 on the 'pane'l. As
another alternative, multiple sgemiconductor dice 52 can be
contained on a seémiconductor waferx, and a wafer level
fabrication process can be utilized to attach substrates 54
to the dice 52, and to form multiple semiconfuctoxr packagés
50 at the same time. In either case, following the
fabrication process the panel or the wafer can be singulated
into individual semiconductor packages 50. '

As shown in Figure 3a, the substrate 54 can be initially
provided with .1ay'ers 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 foil 100, 101 can also include a plating
layex (not shown), suc_hl as. tin, or other suitable material .
as is known in the art. o '

Preferably, the substrate 54 can be initially provided
as a commercially produced bi-material cora, 'such as a copper
clad bismaleimide-trizine (BT) éore, available fxom a
commercial manufacturer such as Mitsubishi Gas Chemical
Corp., Japan. A reprasentative weight of the copper can be
‘from 0.5 oz to 2 oz. pex square foot. Besides bismaleimide- '
trizine (BT}, other suitable materials for the substrate 54
include epoxy resinsg, (e.g., "FR-4" and *FR-5") . and polyimide
resins. _ ' - '

The substrate 54 can be formed with a required thickness
(e.g., 0.2 mm to 1.6 mm), and then punched, machined, and
otherwise formed with a required peripheral configuration and
with required features. For example, openings (not shown)
for the conductive vias 74 (Figure 2A) can be drilled or
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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 Figure 3B, dry film photoresist layers
.302, 103 can be laminated to the layers of copper foil 100,
101 on the back side 62, and on the cirouit side 64 of the
substrate 54. The dry film photoresist layers 102, 103 cen
comprise a multilayer organic composite_.comprj.siiag a flexible
photoresist film between release and cover sheats. The dry
£ilm photoresist layers 102, 103 can be laminatéd to the
layers of copper foil 100, 101 using a suitable apparatus,
such as a roll laminatoxr. :
Next, as shown in Figure 3C the dry film photoresist
layers 102, 103 can be exposed and developed to form etch
masks 102M and 103M. Exposure and development of the dry
£film photoresist layers 102, 103 can be performed using
equipment and technigues that are known in the art. The etch
masks 102M, 103M can then be used with a s_uitable 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, In
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¢onductoxrs 72 (Figure 2C) in

electrical communication with the bonding sites 66. For
simplicity, 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 using 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 conductoxrs 72, 76, an additive process
(i.e., - deposition through a mask) can alternately be
employed. In addition, although copper is a preferred
material for the bonding sites 66, 78 and the conductors 72,
.76, other suitable materials include aluminum, titanium,
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tungeten, tantalum, 'platinmn, molybdenum, cobalt, nickel,
gold and iridium.

. Next, as shown in Figure 3D, the solder mask 80 can be
formed on the circuit side 64, and the solder mask 70 can be
formed on the back side 62 of the substrate 54. The solder
wasks 70, 80 can be formed using a suitable photoimageable -
resist that is exposed and developed in a required pattern.
For simplicity, the solder masks_ 70, 80 are shown as being
between the bonding sites 66, 78. Howaver, in actual
practice the solder masks 70, 80 can include the openings 68
(Figure 2C) that align with the bonding sites 66, and the
openings 82 (Figure 2D) that align with the bonding sites 78.
Also, the solder mask 70 can cover the conductors- 72 (Figure
2¢), and the solder mask 80 can _cover the conductors 76 -
(Figure 2D). : _

" Next, as shown in Figure 3E, a layver of copper 104 can
be blanket deposited on the bonding sites 66 to form the base
‘layers 88 for the external contacts 84 (Figure 2C). At the
same time, a layexr of copper 106 can be blanket deposited on
the bonding sites 78 to form the base 1ayers 94 for the die -
contacts 86 (Figure 2D). The lavers of copper 104, 106 can
also be deposited on the solder masks 70, 80 and will be
removed later. -

) The layvers of copper 104, 106 ean.be deposited to a
thickness of about 5 um to 200 um using electroless
deposition, followed by electrolytic deposition. Electroless
deposition and electrolytic depositlion can be performed using
" solutions, equ:.pment and techniques that are known in the
art. Although copper is a preferred metal for the base
layexs 88, 94, other suitable metals include nickel gold tin
as well as other depositable metals. Rather than electroless
and electrolytic deposition;, the layers of copper 104, 106
can be deposited using any suitable deposition process.
Next, as shown in Figure 3F, a dry £ilm photoresist can
be laminated to the layers of cop'per 104, then exposed and
developed as previously described, to form a deposition mask
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108 on the layer of copper 104, and a deposition mask 110M
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
the outex layexs 92 (Figure 3G) for the external contacts 84
(Figure 2C). similarly, the deposition mask 110¥ can be used
to deposit the bump layers 96 (Figure 3G) and the outerx
layers 98 (Figure 3G) for the die contacts 86 (Figure 2D).
Either electroless or electrolytic deposition process can bhe
used to deposit the bump layers 90, 96 and the outer layers
92, 98. In addition, techniques, solutions and equipme‘rit
that are known in the art can be used to perform the
depos:n.tion processes.

A representative thickness for the bump 1ayers 90, 96
can be from 0.1 pm to 50 tm. A representative thickness for .
the outer layers 92,. 98 can be from 0.05 ym to 10 um. A
preferred material for the bump layers 90, 96 is nit:kel,
- Other suitable materials foxr the bump layers 90, 96 include
‘copper, nickel, gold, tin as well as .other depositable
metals. A preferred material for the outer layefs 92, 98 is’
" gold. Other suitable materials for the outer layers 92, 98
include copper, nickel, tin as well as other depositable
metals. o : ' '

Next, as shown in Figure 3H, the deposition masks 108M,
110M can be stripped using a suitable stripper. '

Next, as shown in Figure 3I, the layer of copper 104,
can bae etched to remove the portions thereof on the solder
mask 70. At the same time the layer of copper 106 can be
atched to remove the portions thereof on the solder mask 80.
This etch step can be performed using an etchant such as a
solution of iron chloride, that selectively etches the layers
of copper 104, 106 while the bump layers 50, 96 and outer
layers 92, 98 remain umaffected. . :

- In addition, this etch steﬁ can be controlled to define
the final shape of the external contacts 84 as generally
pyramidal with planar tip portions 85 (Figure 2C), and the
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‘final shape of the die contacts 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 5um to any possible deposition height. This
_height H can be substantially less than the height of the
external contacts 26 (Figure 1C) made f£rom conventional
solder balls. A representative width W at the base of the
external contacts (and aléq the die contacts 86) can be from
.10 pm to any possible deposition width. This width can also
be substantially less than a diameter of the external

' contacts 26 (Figure 1C) made from conventional solder balls.

A spacing S of the external contacté 5_4 can be selected as
required and can be substantially largey than the spacing of
the external contacts 26 (Figure 1C) made from convent'ional
solder balls. ; o
Referring to Figure 4, additional steps in the method
for fabricating the semiconductor pack&ge 50 {Figure 2A) are
illustrated in a block diagram. init:ially, as indicated by
Block 1, a semiconductor wafer containing multiple
semiconductor dice is provided, and a wafer mount step is
performed to mount the wafer to a wafer dicing apparatus. _
Next, as indicated by Block 2, a saw/dicing step: is
performed to singulate the wafer into individual dice, wh':_Lch
include the die 52 (Figure 2A). o o
' Next, as indicated by Block 3, a flip
die/ thermocqmpressibn step is performed to mount the die 52
{Figure 2A) to the substrate 54 (Figure 2A). During this
step, the bond pads 60 (Figure 2A) on the die 52 are
thermocompression bonded to the die contacts 86 (Figure 23}
on the substrate 54, Conventional 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 making multiple packages at the same time.
Next, as. indicated by Block 4, an encapsulation step is
performed to form the encapsulant 48 (Figure 2a). The
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encapsulant can comprise a Novoloc epoxy resin molded using
conventional equipment and technigues. In addition, the
_encapsulant 48 can be molded in a shape that forms a plastic
body configured to encapsulate the die 52 and the bonded die
' contacts 86. Again the encapsulation step can be performed
on a panel containing multiple substrates. _

Next, as indicated by Block 5, a laser marking step is
performed to mark the package 50 (Figure 2A) with an
identification numbér. For example, the identification
numbar can be made on an exterior surface of the encapsulant
as. . _

Next, as indicated by Block 6, a singulation step is
pexrformed to singulate the completed package 50 from the _
strip. : |

Next, as indicated by Block 7, a module fabrication step
is performed in which multiple packages 50 are used to
fabricate a module to be heraeinafter described.

Figure 4A is a block diagram of a prior art method for
fabricating the prior art package 10 (Figure 13). 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/thermocompression step (Block 3-
Figure 4). 1In addition, a ball mount/reflow step (Block 7-
Figure 4A) for attaching solder balls to form the external
‘contacts 26 (Figure 1A) is eliminated.

Referring to Figure 5, a semiconductor ‘package 50a
constructéd in accordance with a second embodiment of the
invention is illustrated, The package S50A includes a
substrate 54A having a circuiﬁ side 64A and a back side 62A.
The package 50A also includes a stacked semiconductor die 52a
back bonded to the circuit side 64a of the substrate 54A in a
chip-on~board configuration. Adhesive layers 1102 adhesively
bond the stacked die 52A to the substrate 54A and also the
separate dice of the stacked die 52A to one another.

The substrate 54A comprises a board material, such as
bismaleimide-trizine (BT), 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 623 of the substrate 54A. The
polymer substrate 112a is similar in comstruction to multi
layered TAB tape' used in the art for various packaging
applications; The polymer substratae 112A includes a polymer
tape 114A mnmade of a flexible polymer material, such as
_polyimide. In addition, the polymer substrate 112A includes
bonding sites 78A and 'conducto,rs' 72A in electrical
communication with the bonding sites 78A. The conductors 72a
and bonding sites 78A are in electrical commmnication with
conductive vias {(not shown) in the substrate 54A, and with
die contacts 86A on the circuit side 64A of the substrate.
_ The polymer ‘substrate 112A also includes exXternal
contacts 84A on the bonding sites 78aA. The external contacts
842 are configured substantially as pfaviously described for "
external contacts 84 (Figure 2C). - As such, the external

- contacts 84A include base layers 88A, bump layers 90A and

. outexr layers 92a, which are ‘constructed substantially as
~ previously described for base layers 88 (Figure zc:) ,. bump

layers 90 (Figure 2C) and outer layers 92 (Figure 2C). o
' The package 50A also includes wires 116A wire bonded to
the bond pads 60A on the stacked die 52A and to the die
contacts 86A on the circult side 64A of the substrate 54A.
In addition, the package 50A includes an encapsulant 48A that
forms a package body and encapsulates the stacked die 52A,
the wires 116A, and the associated wire bonds on the bond
pads 60A and on the ‘die contacts 86A.

A method for fabricating the package SOA can include the
following steps:

1. Initially the substrate 54A can be provided and the
die contacts 86A formed on the circuit side 64A thereof using
an etching process substantially as previously described for
bonding sites 78 . (Figure 3C).

2. Next, the polymer substrate 1122 can be provided.
The polymer substrate 1123 can be fabricated as a separate
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element that includes the polymer tape 114A, the cbnduc_:'tors
72A, " and ‘the bonding sites 78A using technigues that are
known in the art. In addition, the po_l&mer .substrate 112a
'.can. be adhered to the back side 62A of -the substrate 54A
ﬁsing a suitable adhesive {not shown) with the conductors 72A
and the bonding sites 78a in electrical communication with’
the die contacts 86A. '

3. ©Next, the external contacts 84A can be formed on the
bonding sites 78A as multi layer metal bumps using
eleqtroless and eleétroly.-tic _de_pdsitioh_ ‘processes.
substantially as previously decried for external contacts 84.

4. Next, the stacked die 52A can be attached to the
substrate 54a, and then wire bonded to thae die contacts 862
using technigues and equipment that are known in the art.

5. Next, - the encapsulant 482 can be molded to the
substrata 543 using a conventionpal transfer molding proceass. |

 Referring to Figure 6, a semiconductor package 50B

constructed in accordance with a third embodiment of the
invention is illustrated. -The package 50B includes a
substrate 54B and a semiconductor die 52B bonded face down to
the substrate 54B in a board-on-chip configuration. Adhesive
layers (not shown) adhesi.Vely b‘ond the ,die 52B to the
substrate 54B. - : -

_ The substrate 54B comprises a board mater:.al such as
bismaleimide-trizine (BT), substantially as previocusly
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 polymer
substrate 1124, The ' polymer substrate -112B includes a
polymer tape 114B made of a flexible polymer material, such
as poly_iiuide. In addition, the polymer substrate 112B
includes bonding sites 78B and conductors 72B in electrical
communication with the bonding sites 78RB. 3

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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52]3'._' The substrate 54B includes a bdnding opening 122B
aligned with the bond pads 60B and configured to provide
‘access for .the wires '116B. In addition, a glob top
encapsulant ‘1188 encapsulates the wires 116B and associated
wire bonds.

' The polymexr substrate 112B also includes external
contacts 84B on the bonding sites 78B. The external contacts
84B are configured substantially as previously described for
‘external. contacts 84 (Figure 2C).. The package 50B also |
includes an encapsulant 48B that forms a package body and .
encapsulates the die 52B.

A method for fabricating the package 50B can include the -
h following steps: -
1. - Initially the substrate 54B can be provided.

2. Next, the polymer substrate 112B can be provided. .
The polymer substrate 112B can be fabricated as a separate
e:!.e_mant that includes the polymer tape 114B, the conductoxs
72B, and the bonding sites 78B using techniques that are
known in the art. In addition, the polymer substrate 112B
can be adhered the substrate 54B using a suitable adhesive
{not shown). _ - _ :

3. Next, the external contacts 84B can be formed on the
bonding sites 78B as ' multi layer metal bumps using
electroless and electrolytic -deposition processes
substantially as previously decried for external contacts 84.

4. Next, the die 52B 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.

5. Next, the encapsulant 48B can be molded to the
substrate 54B using a conventional transfer molding process,
and the glob top- encapsulant 118B can ba formed using a
conventional glob top procass. ' '

Referring to Figure 7, a semiconductor package 50C
constructed in accordance with a fourth embodiment of the
invention is illustrated. The package 50C includes a
subgtr¥ate 54C having a recess 124C formed therain. In
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’ 'aac‘iition. ‘the packag'e 50¢C inC:lu'.d'es".. a stacked semiconductor
‘die 52¢, and a heat spreader 120C within the recess 124C.

The heat spreader 120¢ is bonded to the. back side of the :
stacked semiconductor die 52C and is also bon_de'd to the

substrate 54C.
‘The substrate 54C comprises a board material, such as

. bismaleimide-trizine (BT), substantially as previously

described for the substrate 54. In addition, the substrate
54C includes a flexible polymer substrate 112C adhesively
bonded the substrate 54C, The polymer substrate 112C is

'const:}ucted substantially as previously described for polymer
-substrate 112A. The polymer substrate 112C includes a
- polymer tape 114C made of a flexible polymer materizl, such

as polyimide. In addition, the polymer substrate 112C

. _ mcludes bonding sites 78C and conductors 72C in electrical

communication with the bonding sites 78C.
. The package 50C also includes wires 116C bondad to the.
conductors 72C on the polymer substrate 112C, and to the bond

‘pads 60C on the stacked die 52C,  In addition, a glob top
‘encapsulant 118C encapsulates the wires 116C and associated

wire bonds. The polymer substrate 112C also includes -
external contacts 84C on the bonding sites 78C. The external

‘contacts 84C are configured substantially as prevj.busly
described for extexnal contacts 84. (Pigure 2C).

_ - A method for fabricating the package 50C can include the’
following steps:
1. Initially the substrate 54C can be provided _
2. Next, the polymer substrate 112C can be providéd.
The polymer substrate 112C can be fabricated as a separate
element that includes the polymer tape 114C, the conductors
72C, and the bonding sites 78C using techniques that are

Jnown in the art. In addition, the polymer substrate 112C

can be adhered the substrate 54C using a suitable adhesive

(not shown) . | _ e ' :
3. Next, the external contacts 84C can be formed on the

bonding sites 78C as multi layer metal bumps using
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electroless and electrolytic deposition processes
substantially as previously decried for external contacts 84.

4. Next, the heat spredder 120C and the die 52C ‘can be
attached to the substrate 54B within the recess 124¢, and
then wire bonded to the conductors 72C using techniquas and
equipment that are known in the art.

5. Next, the glob top encapsulant 118C can be formed
using a conventional glob top process. : _

Referring to Figures 8A and 8B, an electronic assembly
130 constructed with a plurality of semiconductor packages
50, 50, 50B or 50C is illustrated. In the illustrative
embodiment the electronic assembly 130 comprises a multi chip
module. However, other electronic assemblies can also be
constructed using one oxr more of the semiconductor packages -
50, 50a, 50B ox 50C.

The assembly 130 includes a supporting substrate 132,
and an edge connector 134 on the substrate 132.  The
‘substrate 132 also includes a plurality of electrodes 136
(Figure 8B) in electrical communication with the edge
connector 134. The semiconductor packages 50, 50A, 50B or
50C are mounted to the substrate 132 with the external
contacts 84, 84A, 84B or 84C on the semiconductor packages

50, 50a, 50B ox 50C bonded to the electrodes 136. Because .

‘the semiconductor packages 50, 50A, 50B or 50C have a reduced
overall thickness T1 (profile), the assembly 130 also has a
reduced thickness TA {profile) .

Thus the invention provides an improved semiconductor
package, a method for fabricating the package, and improved
gemiconductoxr assemblies constructed with the package. While
the invention 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 scope of the invention as defined
by the following claims
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WHAT IS CLAIMED IS:

1. A semiconductor package comprising:

a substrate compriéing a plurality of bonding .sites;

a semiconductor die on the substrate comprising a
plurality of bond pads in electrical communication with the
~ bonding sites; | _ | S

& plurality ' of external contacts on the bonding sites,
each external contact comprising a first metal layer on a.
bonding site, a second metal 1ayer on the first metal layer,
and a non-oxidizing outer layer on the second metal layer;

an encapsulant on the substrate en_capsulating the die.

2. The semiconductor package of claim 1 further
~comprising a plurality of die contacts on the substrate in
electrical commmication 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 claim 1 further
comprising a plurality of die contacts on the substrate in
electrical communication with the external contadts, and
wherein the dle is back bonded to the substrate and wire
‘bonded to the die contacts. |

4. The semiconductor package of claim 1 wherein the
fixrst metal layer comprises copper, the second metal layer
comprises nickel, and the non-oxidizing outer 1ayer comprises
gold.

5. The semiconductor package of claim 1 wherein the
substrate comprises a material selected from the group
consisting of b:l.smaleimide—tr:.zme (BT}, epoxy resins, and
polyim:.de resins. '
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6. The semiconductor package of claim 1 wherein the die
is wire bonded to the substrate in a chip-on-board
configuration. ' '

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

configuration.

8. The semiconductor package of claim -1 wherein the
substrate includes a recess and the die is contained in the
recesg in contact with a heat spreader. '

' 9. ‘A semiconductor package comprising:

a substrate comprising a board material;

a plurality of die contacts on the substrate and a
plurality of extermal contacts on the substrate in electrical
communication with the die contacts, each die contact and
each external contact comprising a base metal layer, a bump :
metal layer and a non-ox:.dizing outer metal layer; and _

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

1o0. The semiconductor package of claim 9 further
comprising an encapsulant on the substrate encapsulating the
die. '

11. <The semiconductor package of claim 9 wherein the
base metal layer comprises copper, the bump metal layer
comprises nickel, and the non—oxidizing outer metal layer
comprises gold.

12. The semiconductor package of claim 9 wherein each
die contact and each external contact is generally pyramidal
in shape with a planar tip portion.
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13. The semiconductor package of ¢laim 9 further
comprising a solder mask on the substrate configured _to
electrically insulate the extermal contacts. '

14. . A semiconductor package comprising: _

a substrate having é first side and an opposing second
side; ' o _ _
a plurality of die contacts on the first side comprising_
first multi layered metal bumps having generally plansr f:.rst'

_tip portions;
a plurality of external contactsg on the second side' in

electrical communication with the die contacts comprising
second multi layered metal bumps having generally planar

second tip poxrtions; 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 package 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 sem:l.conductor package of claim 14 further_
comprlsing 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 contacts on the first side;
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a plurality of bonding sites oﬁ 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
layex; and : - '

~ a semiconductor die back bonded to the first side in a
chip-on-board configuration, the die comprising a plural:.ty
of bond pads wire bonded to the die contacts.

15. The semiconductor package of claim 18 wherein the '
first metal layer comprises copper, the gecond metal layer
comprises nickel and the non-oxidizing third metal layer
camprises gold. ' '

20. The semicgnductdr package of claim 18 further
comprising an encapsulant on the substrate encapsulating the

ate.

21. The semiconductor package of claim 18 wherein 'tl_:e'
substrate comprises a material selected from the group.
consisting of bismaleimide-trizine (BT), epoxy resins, and
polyvimide xesins.

22. A semiconductor package conlprz.sz.ng'

a substrate having a first side, an .opposing second. s:.de
and an open:l.ng H .

a plurality of boriding' sites on the second side and a
plurality of conductors on the second gide in elect:rical
communication with the bonding sites; _

. 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 met_al layer on the second metal
layer; and '
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a semiconductor dle b_ondéd- to the first side in a board-
on~chip configuration, the die comprising a plurality of bond
pads aligned w:.th the opening and wire bonded to the

conductors.

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

. 24.' The semiconductor package of claim 22 further
comprising an encapsulant on the substrate encapsulating the

die.

25. . The semiconductorx package of claim 22 wherein the
substrate comprises a material selected from the grou‘p'
consisting of bismaleimide-trizine (BT), epoxy resins, and
polyimide resins. : :

26. A semiconductor package comprising.
a substrate having a first side, an oppos:.ng second gide
and a recess; :

. a plurality of bonding s:.tes on the second side and a
plurality of conductors on the second side in electrical
communication with the bonding sites; -

a plurality of externmal 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;

. a heat spreader in the recess; and :

a semiconductor die in the recess in contact with the
. heat spreader, the die comprising a plurality of bond pads
wire bonded to the conductors.
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27. The semiconductor package of claim 26 further
comprising an encapsulant in the recass encapsulating the

 die.

28. The semiconductor package of claim 26 wherein the
first metal layer comprises 'copper, the second metal layer
comprises nickel and the third metal layer comprises gold. '

29. The semiconductor package of claim 26 wherein the
substrate comprises a material selected from the group
consisting of bismal'eimide-trizine (BT}, epoxy resins, and
polyimide resins. " :

30. A method for fabricating a semiconductor package
' comprising. - .o
providing a substrate comprising a boaxd. ma.teria.l,
forming a plurality of bonding sites on the substrate;
depositing first metal layers on the bonding site's.
. . depositing second metal layers on the first metal
_ 1ayers, _ S
depositing non-o:qidizing third metal layers on the
second metal layers to form external contacts for the
package; and - '
mounting a semiconductor die to the substrate in
. electrical communication with the external contacts.

31. The method of claim 30 wherein the depositing the
first metal layvers step comprises electrolessly or
electrolytically depositing copper on the bonding sites.

32. The method of ¢laim 31 wherein the depositing the
second metal layers 8step comprises electrolessly or
electrolytically depositing nickel on the first metal layers.
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_ '33. The method of claim 32 wherein the dépositing the
thirxd metal layvers step comprises electrolessly oxr
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 bumps and the mounting step comprises bhonding
the die to the die contacts in a flip chip configuration.

35. A method for fabricating a semiconductor package
compa:ising'
. providing a sem:.cgnductor die comprising a plura.llty of
bond pads; - _

- providing a substrate having a first side and an
opﬁosing second side;

forming a plurality of die conta.cts on tha first side
and a plurality of external contacts on the second sida 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 1ayer
and a generally planar tip portion; and

mounting the die to the Ffirst side in & fl:.p chip
configuration with the bonc"i pads bonded to the die contacts.

_ 36. The méthod of claim 35 further compr:.s:.ng
encapsulating the die.

37. The method of claim 35 wherein the base metal layer
comprises copper, the bump metal layer comprises nickel and .
the non-oxidizing outer metal layer comprises gold.

38. The method of claim 35 wherein the substrate
comprises a material selected from the group consisting of
bismaleimide~-txizine (BT), epoxy resins, and po'lyimid'e'
resins. -



= € L M s *

_ 39. The method of claim 35 where:.n the form:mg step
- comprises electroless},y or electrolytically depositing the
bage metal layer, the bump metal layer and the non—oxidlzing
outer metal layer. :

40. A method for fa:br:.cating a semiconductor package
comprising: :

providing a substrate comprising a board material having
a first side and an opposging second side;

forming a plurality of first bond.ing sites on the first
side and a plurality of second bonding sites on _ the second
side :i'.n aelectrical communication with the first bonding
sites;

depositing first metal layers on the first bonding sites
and on the second bonding sites; .

~depositing seacond metal 1ayers on the first metal
layers; S :
_' ~ depositing non-ox:.d:.z:.ng third metal layers on the. :
second metal layers to form a plurality of die contacts on
the first side and a plurality of external contacts for the
package on the second side; and '

£flip chip mounting a semiconductor die to the substrate
by bonding the die to the die contacts. ‘

41. The method of claim 40 wherein the flip chip
mounting step comprises thermocompression bonding bond pads
on_thae die to the die cgntacts.

42. The method of claim 40 wherein each of the
depositing steps comprises  electroless or electrolytic

deposition.

43. The method of claim 40 further comprising
encapsulating the die in an encapsulant. '
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44, The method of claim 40 wherein the first metal
layers comprige copper, the second metal layers comprise
nickel, and the third metal layers comprise gold.

45. The method of claim 40 wherein the substrate
comprises a material selected from the group consisting of
bismaleimide-trizine (BT), epoxy resins, and polyimide
resins. ' :

46. A method for fabricating a semlconductor packa.ge

comprising:

providing a semiconductor die compr:.s:.ng a plurality of
bond pads;

providing a substrate havi.ng a first side and an_

opposing second side; L

forming a plurality of die contacts on the first side;

forming a plurality of bonding sites on the second sgide
in electrical communication with the die contacts;

forming a plurality of external contacts on the second
side, 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 1ayer on the second
_metal layer; :
_ mounting the die to the :Eirat side in a chip-on-board
configuration; and

wire bonding the bond pads to the dia contacts.

47. The method of <claim 46 further comprising
eneapsulating the die in an encapsulant. '

48, The method of claim 46 wherein the fixst metal
layer comprises copper, the second metal layer comprises
nickel, and the third metal layer comprise gold.

42. The method of claim 46 wherein the substrate
comprises a material selected from the group consisting of
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'bismale:.mide—trizine (BT), epoxy resins, and polyimide'

resins.

50. A method for fabricating a semiconductox package
comprising:

providing a semiconductor d:.e comprising a plural:l.ty of
bond pads; '

provid:.ng a substrate having a first slde an oppos:.ng
second side and an opening; :

forming a plurality of bonding sites on the second side _
and a plurality of conductors on the second side in .
electrical commmnication with the bonding sites; _ '

forming a plurality of external contacts on the second
side, 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;
mounting the die to the first side in a board-on-chip

configuration with the bond pads aligned with the opening;
and . |
wire bonding the bond pads to the conductors.

'51. The method of claim 50 further comprising forming
an encapsulant in the opening.

52. 'I'he. method of claim 50 wherein the first metal
layer comprises copper, the second metal layer comprises
nickel, and the third metal layer comprise gold. '

53. The method of c¢laim ‘50 wherein the substrate
comprises a material selected from the group consisting of
bismaleimide~trizine (BT), epoxy resins, and peolyimide
resins. '

54. A method for fabricating a semiconductor package
conprising:
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providing a semico;qductor die compris::.ng a plural:.ty of
bond pads; :

providing a substi:ate' having a first side, an opposing
second 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 communication with the bonding sites;

forming a plurality of external contacts on t.he sécond
side, 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:; | o

mounting the die in the recess in contact w:i.th a heat

spreader. and
wire bond:.ng' the hond pads to the conductors.

§5. The method of claim 54 further comprising foming '
an encapsulant in the recess. :

56. The method of claim 54 'wherein the first metal
layer comprises copper, the second metal layer comprises
-nickel, and the third metal layer comprise gold.

57. The method of claim 54 wherein the - substrate
comprises a material selected from the group consisting of
bismaleimide-trizine (BT), epoxy resins, and polyimide
resins. ' ' o

58. 2An electronic assembly compr:.sing
a supporting s=ubstrate compr:.s::.ng a plurality of
electrodes; : o
at least one semlconductor package on the supporting
substrate compr:.slng.
a substrate comprising a plurality of bonding-
sites; ' :
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a semiconductor die on the substrate"comptising a .
plurality of bond pé.ds_ 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 comprismg a first metal layer om a bonding
site, a second metal layer on the first metal layer, and a-_
non-oxidizing outer layexr on the second metal layer.

59. Tha assembly of claim 58 where;.n the substrate and '
the package are configured as a multi chip module. :

60. .The assembly of <¢laim 58 wherein the first metal -
layer comprises copper, the second metal layer comprises
nickel, and the non-oxidizing outer layer comprises gold.

61. The assembly of claim 58 wherein the package.
further comprises a pltirality of die contacts on the
substrate in electrical ‘communication with the external
contacts, the die contacts comprising multi layer meta.l bunps
bonded to the bond pads on the die.

' 62. An electronic assexbly comprising:
. a supporting substrate comprising a plurality of
electrodes; and

a semiconductor package comprising a substrate, a
plurality of die contacts on the substrate comprising first
multi layered metal bumps having gemerally planar first tip
portions, a semiconductor die bonded to the die contacts in a
flip chip configuration, and a plurality of external contacts .
on the substrate in electrical communication with the die
contacts comprising second multl layer metal bumps having
generally planar second tip portions bonded to thse
electrodes. :
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.63. The assenbly o_f_' claim 62 wherein each die contact
comprise a copper layer, a nickel layer and a gold layer.

. 64. The assembly of claim 62 wherein each external .
contact comprise a copper layer, a nickel layer and a gold
layer. : ' '



