
;e3e&WRRS,U@lU0V6VT&Wmw 2r ,    BOC SEMICONDUCTOR PACKAGE INCLUDING A
SEMICONDUCTOR DIE AND A SUBSTRATE BONDED CIRCUIT SIDE DOWN TO THE DIE Field
of the Invention This invention relates generally to semiconductor
packaging, and specifically to a board-on-chip package that includes a
semiconductor die, and a substrate bonded circuit side down to the die,
This invention also relates to a method for fabricating the package, and to
electronic assemblies incorporating the package. Background o the Invention
One type of semiconductor package is referred to as a "chip scale package".
Chip scale packages are also referred to as "chip size packages", and the
dice are referred to as being "minimally packaged". Chip scale packages can
be fabricated in "uncased" or "cased" configurations. Uncased chip scale
packages have a "footprint" (peripheral. outline) that is about the same as
an unpackaged die. Cased chip scale packages have a peripheral outline that
is slightly larger that an unpackaged die. Fox example, a footprint for a
typical cased chip scale package can be about 1.2 times the size of the die
contained within the package. A conventional chip scale package includes a
substrate bonded to the die. Typically, the substrate comprises an organic
material, such as bismaleimide triazine (BT), an epoxy resin (e.g., "FR-9")
or a polyimide resin The substrate includes a pattern of conductors, such
as copper traces, that are wire bonded, or other wise electrically
connected, to bond pads, or other connection points, on the die. The
substrate also includes external contacts in electrical communication with
the conductors . 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). These dense arrays permit a high input/output    18 JUNE
2003 2 capability for. the chip scale package. Fox example, a FBGA on a
chip scale package can include several hundred solder balls. The pattern of
conductors on the substrate) and the associated bonding sites for the
external contacts) is sometimes referred to as a "circuit" One type of chip
scale package is known as a board-onchip (BOC) 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 conductors on the substrate and
the bond pads on the die. Referring to Figures 1A and 1B, a conventional
BOC package 10 is illustrated. The BOC package 10 includes a semiconductor
die 12 having a circuit side 14, and a pattern of bond pads 16 on the
circuit side 14. The bond pads 16 are in electrical communication with the
integrated circuits and semiconductor devices contained an the die 12. The
BOC package 10 also includes a substrate 18 bonded to the circuit side 14
of the die 12. The substrate 18 has a circuit side 22 containing a pattern
of conductors 24, and an adhesive layer 20, which bonds the substrate 1B to
the die 12. The substrate 18 has a peripheral outline that is smaller than
the peripheral outline of the die 12, such that the bond pads 16 axe not
covered by the substrate 18 and the adhesive layer 20. The BOC package 10
also includes an array of external contacts 26 on the substrate 18 in
electrical communication with the conductors 24. 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 conductors 24 using a bonding technique such as
soldering, welding or brazing. A solder mask 32 on the substrate 18
Facilitates bonding and electrical isolation of the external Contacts 26.
The conductors 24 also include wire bonding sites 30, and   



18 JUNE 2003 3 wires 34 are wire bonded to the wire bonding s~.tes 30, and
to the bond pads 16 on the d~.e 12. The BOC package 10 also includes an
encapsulant 36 that encapsulates the wires 34 and the;associated wire bonds
on the wire bonding sites 30 and on the bond pads 16. Typ~.cally, the
encapsulant 36 comprises a Novolac based epoxy formed in a desired shape
using a transfer molding process, and then cured using an oven. One feature
of this type of BOC package ~.0 is that using standard wire bonding
techniques the wires 34 are formed with a loop height W1. In addition, the
encapsulant 36 must have a width x1, and a thickness Y1 which insures that
the wires 39 are fu3.ly covered by a desired covering thickness Zl (e.g.,
0.02 mm to 0.10 mm). Accordingly, the thickness Y1 of the encapsulant 36
must be selected to be at least equal to the loop height W1 plus the
covering thickness Z1 (Y1=W1+Z1). An overall height YP (profile) of the
package 10 is thus affected by the loop height W1, by the cov~er~.ng
thickness 21, and by the thickness Y1 of the encapsu7.ant 36. Tt would be
advantageous to be able to decrease the loop height W1 and the thic?~ness
Y1 of the encapsulant 36. zn particular, reductions in the loop height W1
and the thickness 7t1 of the encapsu~.ant 36 would allow the overall height
YP of the package 10 to be decreased. Similarly, it would be advantageous
to be able to decrease the Width X1 of the encapsulant 36, as this would
decrease the footprint of the BUC package to. Another feature of the BOC
package 10 is that the rel~ati~rely large thickness Y1 of the encapsulant
36 forms a recess 38 proximate to the external contacts 26. In order to
make electrical contact with a mating substrate, such as a printed circuit
board, the external contacts 26 must have a d~.ameter Dl that is larger
than the depth p2 of the recess 38. In order to satisfy this requirement
the external contacts 26 must be larger than otherwise requi.rdd. Tt would
18 JUNE 2003 4 be advantageous to be able to decrease the depth D2 of the
recess 38. Yet another feature of the BQC package 10 is that during .r
mo~.dzng of the encapsulant 36, some mold material. may bleed onto the
solder mask 32. The mold bleed can adversely affect bonding of the external
contacts 26 to the bonding sites 28, The mold bleed can also adversely
affect the electrical connections to the external contacts 26, and the
cosmetic appearance o~ the BOC package 10) The present invention is
directed to an impxoved BOC package that has a reduced thickness, arid a
smaller footprint than the prior art BOC package 10. In addition, the BOC
package uses less encapsulant material, has less mold bleed, and a
substantially planar encapsulant surface. The present invention is also
directed to a method for fabricating the improved package, and to improved
electronic assemb~.ies incorporating the package. ~ummarv of fhe Invent~~P
In accordance with the present invention, an a.mproved BOC package, a
method for fabricating the BOC package, and electronic assemblies
incorporating the HOC package are provided. The HOC package includes a
semiconductor die, a substrate adhesively bonded to the die, and an array
of external. contacts (e. g., BGA soldex balls) on the substrate. The BOC
package also includes wires that are wire bonded to the die and to the
substrate, and mo~.ded segments on either side of the substrate tar
encapsulating the wires. The semiconductor die includes a circuit side
(face) having a pattern of die contacts in e~-ectriCal communication with
the integrated circuits contained on the die. The substrate also includes a
c~xcuit side (fac~y having a pattern of conductors and wire bonding sites
(l~Qcateci outside   



18 JUNE 2003 5 of the perl.pheral edges of the substrate. In addition, the
substrate includes a back side with the external contacts and ball bonding
sites for bonding the external contacts to the subsCrate. In the HOC
package the substrate is bonded to the die with its circuit side "down", or
"fac~.ng" the circuit side of the die (i.e.) circuit side to circuit sidel.
Stated differently, the circuit s~.de of the substrate faces "in" relative
to the exterior of the package, rather thane "out" as with conventional HoC
packages. This arrangement permits a loop height of the wires, and a height
of the molded segments, to be decreased by a distance ec,;ual to a
thickness of the substrate. In addition, a width of the molded segments is
decreased, such that a footprint of the BOC package is decreased. Further,
a planarity of exteriox surfaces of the molded segments is improved, and
mold bleed during formation of the molded segments is decreased. The method
for fabricating the package includes the steps of : providing the
semiconductor di.e with the circuit side having the die contacts;
providl.ng the substrate with the circuit side having the pattern of
conductors and wire bonding sites, and with the back s~.de having the
bal.l~ bonding sites in electrical communication with the conductors;
adhesivel.y bonding the circuit side of the substrate to the circuit side
of the die; wixe bonding the wires to the wire bonding sites on the
substrate and to the die contacts on the die; forming the molded segments
to encapsulate the wires; and bond~.ng the external contacts to the ball
bonding sites on the substrate. An electronic assembly, such as a multi
chip module, includes a substrate and multiple $pC packages flip chip
mounted the substrate. Hecause the BOC packages have a xeduced height, a
height of the,assembly is also r,~.duced.   18 JUNE 2003 6 Brief
De_,_,scniR~iQn of the Drawi~s Figure 1A is an enlarged bottom view of a
prior art BOC packaye; Figure 1$ is an enlarged cxoss sectional view of the
5 prior art HOC package taken along section line 1H-1B of Figuxe lA; Figure
2A is an enlarged bottom view of a HOC package constructed in accordance
with the invention; Figure 28 is an enlarged cross sectional view of the
BOC package taken along section line 2B-2B of Figure 2A; Figure 2C is a
cross sectional view of the BOC package taken along section line 2C-2C of
Figure 2B; Figure 2D is a cross sectional view of the a0C package taken
along section line .2D-2D of Figure 2B; Figure 2E is an enJ.arged cross
sectional view of an eternal contact on the BOC package taken along section
line 2E--2E of Figure 2B; Figures 3A-3F are schematic cross sectional vzews
i7.J~ustrating steps in a method fox fabricating the BOC package of Figures
2A~2D; Figure AA is a plan view of an electronic assembly that includes BOC
packages constructed in accordance with the invention; and Figure 9B is a
side elevation view o~ the electronic assembly taken along line qB-~a of
Figure 4A. 



Detailed DesculZfioB of the Preferred Embodiments Referring to Figures 2A
and 2B, a BOC package 90 col~structed in accordance with the inventioz~ is
illustxated. The BOC package 40 includes a semiconductor die 4~ and a
substrate A4 bonded to the die ~2. The di.e 42 includes a semiconductor
substrate, such as silicon or gallium arsenide, containing integrated
circuits fabricated using well known processes. The die~42 can be a   18
JUNE 2003 7 conventional semiconductor component such as a dynamic random
access memory (DRAM), a synchronous DRAM (SpRAM), a static random-access
memory (SRAM), an exasable progranunable readonly; memory (EPSOM), a logic
circuit (LOGIC), or any other semiconductor device that requ7~res
packaging. The die 42 includes a circuit side 46 (face) and a back side 48.
In addition, the die 42 incJ.udes a pattern of. die contacts 50 on the
circuit side 46 in electrical communication with the integrated circuits
contained on the die 42. In the .illustrative embodiment, the die contacts
SO comprise planar bond pads formed of a wire bondable material (e. g.,
a~.uminum). However, the die contacts a0 can compx'ise any type of die
contact including bumped contacts. Also for illustrative purposes, the die
contacts 50 are shown as being raised above the surface of the circuit side
46. However, the die contacts 50 can also be recessed be7.ow a passi.vation
layer on the Circu~.t side 46 of the die 42 as is conventional. Also, a
thickness of the die 42 carp be conventional with a thickness of between
about 0.2 mrn and 0.5 mm being representative. The substrate 44 fox the BOC
package 40 comprises an electrica~.~.y insulat~.ng material such as an
organic polymer resin reinforced with glass fibers. Such a material. is
sometimes referred to as "circuit board" material, such that the substrate
44 can also be referred to as a "board". Suitable materials fox the
substrate 44 include bismaleimide~ txizine (BT), epoxy resins ("FR~4'~ and
"FR-5"), and polyimide resins. A representative thickness T (F~.gure 2B) of
the substrate 44 can be from about 0.2 mm to 1.6 mm. As a~.so shown in
Figure 28, the substrate 44 includes a back side 52 and a c~.rcuit side 54.
The back side 52 of the substrate ~1q includes ball. bonding sites 56, and
eternal contacts 5$ bonded to the ba7.1 bonding sites 56. As shown in
Figure 2C, the ball bonding~-sites 56 compris'b generally   18 JUNE 2003 8
square shaped metal pads arranged in a dense grid array. The external
contacts 58 Gornprise solder balls bonded to the hall bonding sites 56. A
representative diameter of the ertexnal contacts 58 can be from about 0.1
mm to 0.5 mm. Tn addition, the external contacts 58 can be bonded to the
ball bonding sites 56 using any suitable process, such as solder reflow,
welding, brazing, or laser heating. The material .tor the ball. bonding
sites 56 and the material fox the external contacts 58 can be selected to
fac~.~.itate the bonding process. The back side 52 of the substrate A4 also
includes a solder mask 60 having via openings 62 aligned with the ball
bonding sites 56. The solder mask 60 can comprise a photoimageable
dielectric material, such as a negati~re or positive tone resist. Such a
material can be bJ.anket deposited to a desired thickness, then exposed and
developed to form the via openi.rlgs 62. A representative thickness of the
solder mask 60 can be from about 1 mils to 4 mils. The substrate 44 also
includes a pattern of conductors 64 on the circuit side 54. In addition, a
plurality of conduct~.ve vias 6B through the substrate 44 establish
electrical. communication between the conductors 64 on the circuit side ,4,
and the ball bonding sites 56 on the back side 52 of the substrate 44. As
shown in Figure 2E, the conductive vias 6g comprise openings in the
substrate 44 at least partial-~.y filled with a conductive material, sucli
as metal or a conductive polymer, 11s shown in Figure 2v, the conductors 64
fan out from the conductive vias 68 to the edges 70, 72 of the substrate
44) zn addit~.on, the conductors 64 include wire bonding sites 66 arranged
in a spaced array along the edges 70, 72 of the substrate 44. rireferably
the conductors 64 comprise a highly conductive wire bondable metal such as
copper.   18 JUNE 2003 



9 As shown in Figure 2l7, the wire bonding sites 66 comprise portions of
the conductors 64 that overhang the edgel's 70, 72 of the substrate 44. In
addition, the wire bonding sites 66 a~'e located on a backside of the
conductox's 64, The configuration of the wire bonding sites 66 provides
access for wire bonding thin bond wires 74 (F~.gure 2B) to the conductors
64. As shown in Figure 2B, the bond wires 74 are also wire bonded to the
die contacts 50 on the c~.rcuit side 46 of the die 42. zn addition, an
encapsulant 78 is molded to the substrate 44, and to the die 42. to form
genera~.ly rectangular shaped molded segments 84, 86 (Fi.gure 2A) along the
edges 70, 72 of the substrate 44. The molded segments 84, 86 encapsulate
and protect the bond wires 74, and the associated w~.xe bonds on the
bonding sites 66 and die contacts 50. As also shown in Figure 2H, the HOC
package 40 includes an adhesive layer 76 which bonds the substrate 44 to
the die 42. The adhesive layer 76 can comprise a double sided polymer tape
such as a lead-on-chip tape, or a cured polymer adhes~.ve such as an epoxy,
polyimide ox acryl~.c adhes~.ve . The substrate 44 is bonded to the die 42
with its circuit side 54 taci.ng the circuit side 46 of the die 42 (i.e.,
circuit sa.de Go circuit side). With this arrangement the surfaces of the
conductors 64 face inward relative to exterior portions of the BOC package
40, and are protected by the bulk of the substrate 4A. However, the wire
bonding sites 66 on the overhang~.ng portions of the conductors 64 are
located on the opposing inner surfaces of the conductors 69 to perma.t
access for wire laonding. rn addition, the adhesive layer 76 has a
peripheral outline that is larger than the peripheral outline of the
substrate 44 to provide support for the wire bonding sites 66.   18 JUNE
2003 10 Also with this cpnfiguration of wire bonding sites 66, a loop
he~.ght W2 of the wires 74 is reduced with respect to the loop height W1
(Figure la) of the prior art BOC package 10. Specifical~.y, the loop height
W2 is reduced by a distance approximately equal to the thickness T of the
substrate 44 (i.e., W2 < W1 by T). Tf a same covering thickness Z2 for
covering the wires 74 is maintained (i.e., z1 ~ Z2 = 0.02 mrn to 0.10 n~ni)
, then the th~.ckness Y2 of the encapsulant 78, and the overall height Y of
the package 40 are also reduced by a distance approximately equal to the
thickness T df the substrate 44 (i.a., Y < YF by T). S~.milarly, with the
thickness Y2 of the encapsulant 78 being reduced, a width X2 of the molded
segments 84, 86 can also be reduced (x2,X1). The BOC package 40 thus has a
reduced footprint as well as a xeduced profile. Another advantage of the
BpC package 40 is that the molded segments 84, 86 have a more planar
exterior surface 80 than with the priox art BOC package 10, because a depth
D3 of a recess 82 formed by the molded segments 84, 86 is decreased. Tn
addition, with the more planar exterior surface 80 and smallex recess $2,
bleed through of the encapsulant 78 onto the solder mask 60 during molding
of the molded segments 84, 86 is reduced. Referr~.ng to Figures 3A--3F)
steps in a method for Fabricating the BOC semiconductor package 40 are
illustrated. Although these steps are shown as being performed a"sing a
single substrate 44, ~.t is to be understood that the steps can be
perfox'med at the same time on multiple substrates 44 to fabricate multiple
BOC semiconductor packages 40. Fox example, multip~.e substrates 44 can be
contained on a panel similar to a ~.ead frame and the steps to follow can
be performed on a11 of the substrates 49 on the panel. As another
alternative, multiple semiconductor dic~,92 can be contairied on a
semiconductor wafer, and c~ , wafer level.   18 JUNE 2003 11 fabrication
process can be ut~.lized to attach substrates 44 to the dice 42, and to
form multiple BOC packages 40 at the same time. In either case, following
the fabrication process the panel or the water can be singulated into
individual. BpC packages 40. Initially, as shown in Figure 3A) the
substrate 44 can be provided with a des~.x~ed thickness T (e.g. , 0.2 mm to
1.6 mm). As previously mentioned, suitable materials fox the substrate 44
include bismaleimide-trizine (BT), epoxy resins (FR-4" and "FR-5"), and
polyimide resins. These materials can be formed with a required thickness,
and then punched, machined, or otherwise formed with a required peripheral
configuration and with required features. In addition, multiple substrates
44 can be provided on a panel of material similar to a leadframe, which can
then be singulated into multiple BOC packages 40 following the fabrication
process. The substrate 44 includes the back side 52 and the circuit Side
5A, which are the major opposing planar surfaces thereof. As also shown in
Figure 3A, a pattern of openings ' 88 for the conductive vias 68 are formed
through the substrate q4 from the back side 52 to the circuit side 54. The
openings 88 can be formed using any suitabJ.e process such as laser
machinit~g, etching, punching, or drilling. In addition, the pattern of the
openings 88 can match the desired pattern of the external contacts 58.
Neat, as shown in Figure 38, an electrically conductive material., such as
a metal, is deposited into the open-rigs 88. Suitable metals include
solder, aluminum, titanium, nicked.. iridium, copper, gold, tungsten,
silver, platinum, palladium) tantalum, molybdenum, and alloys o~ these
metals. The metal can be deposited within the openings 88 using a
deposition process such as CVD, electrolytic deposition, or electroless
deposition. A solder metal can be screen printed in the openings, or drawn
by capillary action using a~~hot solder  



18 JUNE 2003 12 wave or a vacuum system. Alternately, rather than being a
metal, the conductive material can comprise a conductive polymer, such as a
metal filled silicone, or an isotropic epox~ar. , A conductive polymer can
be deposited within the openings 88 by screen printing or stencil.~.ng,
fol7.owed by curing as required. As also shown in Figure 3B, the ball
bonding sites 56 can he formed on the back side 52 of the substrate 44 in
electrical communication with the conductive vices 68. Rither a subtractive
process (e.g., etching through a mask), or an additive process (e.g.,
deposition through a mask) can be used to form the ball bonding sites 56.
In the illustrative embodiment the ball bonding sites 56 comprise generally
sduare shaped planar pads. However, other geometrical configurations are
possible. In addition, the ball bonding sites 56 can comprise any suitable
metal, such as copper, nickel or gold, to which the external. contacts 58
can be bonded. As also shown in Figure 3~, the solder mask 60 can be Formed
on the back side 52 of the substrate 9.Q. The solder mask 60 can be farmed
by initially blanket depositing a photoimageable dielectric material, such
as a negative or positive tone resist, to a desired thickness (e.g., 1 mils
to 4 mils). The photoimageabl.e dielectx~.c material can then be exposed
and developed to form the via openings 62, and cured as required) zn the
illustrative embodiment the via o~aenings 62 align with the ball bonding
sites 56 and have the same pert-pheral outline. Ore suitable resist is
commerc~.ally available from Taiyo America Inc. Carson City, Nv under the
trademark "PSR-Q000. Another suitable resist is commercially available Loan
Shipley under the trademark "~P-. 9504". Next, as shown in Figure 3C, the
conductors 64 and the wire bonding sites 66 can be formed on the aircui~
sa.de 54 of   18 JUNE 2003 13 the substrate 44 in a required pattern. A
preferred metal for the conductors 64 and the wire bonding sites 66 is
copper. One method for forming the conductors 64 and the wire;bonding sites
66 is by laminating, or cladding, a copper foil to the substrate 44, and
then etching the copper foil thfiough a mask. Tn this case the copper fol.l
will have a peripheral outline that is greater than that of the substrate
4~, such that the banding sites 66 overhang or project from the edges 70,
72 of the substrate 44. The bonding sites 66 are thus formed bar the
terminal poxtions of the conductors ~9. In addition, the bonding sites 66
are on the opposing surfaces of the conductors 64 which face away fx'om the
circuit side 54 of the substrate 4~. If desired, the wire bonding sites 66
can be plated with a metal such as gold or nickel, to faci7.itate the wire
bonding process. Also, the substrate 4A and the conductors 64 can be
fabricated from a commercially produced bi-material. core, such as a copper
clad bismaleim~.de--triaxine (aT) core, ava~.lable from Mitsubishi Gas
Chemical Corp., Japar~, as well as other manufacturers. A representative
weight of the copper can be from about 0.5 oz to 2 oz. per square foot.
Next, as shown in Figure 3D, the semiconductor die 42 and the adhesive
layer 76 are provided. The semiconductor die ~2 includes the contacts 50 in
electrical communication with the integrated circuits contained on the die
~2. xn addition, depending on the fabrication process the die ~~2 can
comprise a singulated die or can be contained on a $emiconductox water. For
example, if the substrate 44 is contained ox~ a panel with multiple
substrates, then singulated dice ~2 can be attached to the panel.
Alternately, the die 42 can be contained on a wafer with a plurality of
dice, and a substrate 4A attached to each die 42 on th.e wafer. The
adhesive layer 76 can comprise a double sided adhesive tape, such as
pQ~.y~.mide tape. Alternately,   18 JUNE 2003 14 the adhesive layer 76 can
comprise a deposited and cured polymer such as an epoxy, a polyimide, or an
acrylic material. In the case of singulated dice 92 a conventional die
attacher can be used to form the adhesive layer 76 and to attach the die 42
to the substrate 44. Figure 3E illustrates the die 42 following attachment
to the adhesive layer 76. As shown in Figure 3E, the circuit side 46 0~ the
die 42 faces the circuit side 54 of the substrate 4A. This is in contrast
to the conventional BOC package 10 (Figure 1B) in which the circuit side of
the substrate 18 (Figure 1B) faces outward. However, the wire bonding sites
66 on the opposing side of the conductors 64 are exposed to permit access
for wixe banding the wires ?4 to the wire bonding sites 66 and to the
contacts 50 on the die 4.2. A conventional wi.xe bonder can be used to wire
bond the wires 7~1, As previously explained, because the substrate 44 has
an inward facing circuit side 54 a loop height of the wires 74 is reduced
by the thickness T of the substrate 94. Next, as shown in Figure 3F, the
encapsulating resin 78 can be molded to the die 42, and to Ghe substrate 44
to form the molded segments 84, 86. The encapsulating resin 7$ can comprise
a Novolac based epoxy formed in a desired shape using a transfer molding
process, and then cured using an oven. Because the wires 74 have a reduced
loop height the th~.ckness Y2 (Figure 2H) of the encapsulating resin 7B and
the overall height Y (Figure 2B) of the package ~~0 are reduced
substantially as previously exp~-ained. prs also shown in Figure 3F, the
eacternal contacts 58 can be bonded to the ball bonding sites 56 using a
suitable bonding process. For example, with the external contacts 58
comprising solder balls a solder reflow process can be employed. zn thus
case solder flux can be deposited on the ball bonding sites 56 and on the
external contacts 58. The external contacts 58 can then b~ placed on the
bill bonding 



18 JUNE 2003 15 sites 56, and a furnace can be used to form metallurgical
solder bumps between the external contacts 58 and the ball bonding sites
56. During bonding, the via openings 62 in the solder mask 60 facilitate
alignment of the external contacts 58 to the ball bonding sites 56.
Alternately rather than a solder ref~.ow process the external contacts 58
can be bonded by welding or braying process. As another alternative) a
laser heating process using a commercial ball bumper apparatus can be used
to attach the external contacts 58. further the external contacts 58 rather
than being solder can comprise another metal or a conductive polymer
material. In the completed BOC package ~0 the external. contacts 58 can be
used to establish electrical cornmunicatipn with the integrated circuits
contai-ned on the die A2. zn addition, the external Contacts 58 can be used
to bond the $OC package 40 to a mating substrate such as a module or
printed circuit board. Referring to Figures 9.A and 9B, an electronic
assembly 90 constructed with a plurality of BoC packages 40 is illustrated.
zn the illustrative embodiment the electronic assembly 90 comprises a multi
chip module. However, other electronic assemblies can also be constructed
us~.ng one or more of the BOC packages 40. The assembly 90 inc7.udes a
substrate 92, and an edge connector 99 on the substrate 92. The substrate
92 also includes a plurality of electrodes 96 in electrical communication
with the edge connector 9~". The BQC packages 40 are flip chip mounted to
the substrate 92 w~.th the external contacts 58 on the BOC packages AO
bonded to the electrodes 96. Because the SOC packages 40 have a reduced
overall height Y (prafi7.e~, the assembly 90 also has a reduced height YA
(profile) . Thus the inventiol7 provides an imps oved BOC semicot~ductor
package, a rnethod~~or fabricating the package, and improved semiconductor
ass~mbl.ies ~constructe~d with the   18 JUNE 2003 16 package. While the
invention has been described with xe~erence to certain preferred
embodiments, as will be apparent to those skilled i.n the art, certain
changes and modifications can be made without departing from the scope of
the invention as defined by the following claims.   18 JUNE 2003 17 WHAT IS
CLAIMED IS: 1. A semiconductor package comprising: a semiconductor die; a
substrate having a first side) an opposing second side and a peripheral
edge, the substrate comprising a plurality of conductors on the first side
and bonding sites comprising portions of the conductors overhanging the
peripheral edge, and a plurality of external contacts on the second side in
electrical communication with the conductors; an adhesive layer in contact
with the die, the first side and the conductors, bonding the die to the
substrate and supporting the portions; 



a plurality of wires bonded to the die and to the bonding sites; and a
molded segment on the die encapsulating the wires. 2. The package of claim
1 wherein the conductors comprise outer surfaces in contact with the
adhesive layer and the bonding sites comprise inner surfaces of the
conductors. 3. The package of claim 1 further comprising an encapsulant
molded to the die and the substrate. 4. A semiconductor package comprising:
a semiconductor die; a substrate having a first side, an opposing second
side and an edge, the substrate comprising a plurality of conductors on the
first side having portions thereof overhanging the edge) and a plurality of
external contacts on the second side in electrical communication with the
conductors, the substrate attached to the die with the first side facing
towards the die and the second side facing away from the die; an adhesive
layer bonded to the first side, to the conductors and to the die; and a
plurality of wires bonded to the portions and to the die. 5. The package of
claim 4 further comprising an encapsulant molded to the die and to the
substrate encapsulating the wires and the portions.   18 JUNE 2003 18 6.
The package of claim 4 wherein the external contacts comprise balls or
bumps in a grid array. 7. The package of claim 4~wherein the adhesive layer
comprises tape. 8. The package of claim 4 further comprising a mask on the
second side having openings aligned with the external contacts. 9. The
package of claim 4 further comprising a plurality of conductive vias in the
substrate electrically connecting the external contacts and the conductors.
10. A semiconductor package comprising: 



a semiconductor die comprising a plurality of die contacts; a substrate
attached to the die having a thickness and a circuit side bonded to the
die; a plurality of conductors on the circuit side having surfaces bonded
to the substrate and portions overhanging the substrate forming bonding
sites; an adhesive layer in contact with the die, the circuit side and the
surfaces of the conductors; and a plurality of wires bonded to the die
contacts and to the bonding sites. 11. The package of claim 10 wherein the
substrate has a peripheral edge and the bonding sites comprise portions of
the conductors overhanging the peripheral edge. 12. The package of claim 10
further comprising a plurality of external contacfs on the substrate in
electrical communication with the conductors. 13. The package of claim 10
wherein the substrate comprises a polymer resin and glass fibers. 14. The
package of claim 10 wherein the substrate comprises a material selected
from the group consisting of bismaleimidetrizine (BT), epoxy, and
polyimide.   18 JUNE 2003 19 15. A semiconductor package comprising' a
semiconductor die having a circuit side and a plurality of die contacts on
the circuit side; a substrate having a first side, an opposing second side
and an edge, the substrate comprising a plurality of conductors on the
first side having bonding sites thereon overhanging the edge, ~ and a
plurality of external contacts on the second side in electrical
communication with the conductors, the substrate bonded to the die with the
first side facing the circuit side; an adhesive layer in contact with the
circuit side, the first side, the conductors and the bonding sites; and a
plurality of wires bonded to the bonding sites on the conductors and 



to the die contacts. 16. The package of claim 15 further comprising a
plurality of external contacts on the second side in electrical
communication with the conductors. 17. The package of claim 15 wherein the
bonding sites comprises outer surfaces in contact with the adhesive layer.
18. The package of claim 15 further comprising a molded segment on the die
and the substrate encapsulating the wires. 19. The package of claim 15
wherein the adhesive layer comprises a cured polymer. 20. A board-on-chip
semiconductor package comprising: a semiconductor die comprising a
plurality of die contacts; a substrate attached to the die having a circuit
side, a back side and a peripheral edge; a plurality of conductors on the
circuit side and a plurality of bonding sites comprising portions of the
conductors extending from the peripheral edge; a plurality of external
contacts on the back side in electrical communication with the conductors;
an adhesive layer in contact with the circuit side, the conductors and the
die, and attaching the substrate to the die;   18 JUNE 2003 20 



a plurality of wires bonded to the die contacts and to the bonding sites;
and an encapsulant molded to the die and to the substrate covering the
wires. 21. The package of claim 20 wherein the adhesive layer has a
peripheral shape larger than that of the substrate such that the bonding
sites are supported by the adhesive layer. 22. The package of claim 20
further comprising a plurality of conductive vias in the substrate in
electrical communication with the external contacts and the conductors. 23.
The package of claim 20 wherein the bonding sites comprise plating on the
portions. 24. The package of claim 20 further comprising a mask on the back
side of the substrate having openings for the external contacts. 25. The
package of claim 20 wherein the external contacts comprise balls or bumps
in a grid array 26. The package of claim 20 wherein the substrate comprises
a material selected from the group consisting of bismaleimidetrizine (BT),
epoxy, and polyimide. 27. The package of claim 20 wherein the adhesive
layer comprises a polymer tape or a cured polymer. 28. A method for
fabricating a semiconductor package comprising: providing a semiconductor
die; providing a substrate having a first side, an opposing second side and
an edge, the substrate comprising a plurality of conductors on the first
side having portions thereof overhanging the edge; forming an adhesive
layer in contact with the first side, the conductors and the portions to
attach the substrate to the die with the first side facing towards the die
and the second side facing away from the die; and   18 JUNE 2003 



21 bonding a plurality of wires to the portions and to the die. 29. The
method of claim 28 further comprising forming a plurality of external
contacts on the second side m electrical communication with the conductors
and encapsulating the wires in an encapsulant. 30. The method of claim 28
further comprising forming a mask on the second side having a plurality of
openings and forming a plurality of terminal contacts in the openings in
electrical communication with the conductors. 31. The method of claim 28
wherein the adhesive layer comprises tape or a cured polymer. 32. The
method of claim 28 wherein the substrate comprises a polymer resin and
glass fibers. 33. A method for fabricating a semiconductor package
comprising: providing a semiconductor die comprising a circuit side, an
edge and a plurality of die contacts on the circuit side; providing a
substrate having a first side and a second side, the substrate comprising a
plurality of conductors on the first side, a plurality of bonding sites
proximate to the first side comprising portions of the conductors extending
from the edge, and a plurality of external contacts on the second side in
electrical communication with the conductors; forming an adhesive layer
between the first side and the circuit side in contact with the conductors
and the portions to bond the substrate to the die; and bonding a plurality
of wires to the bonding sites and to the die contacts with the adhesive
layer supporting the portions. 34. The method of claim 33 further
comprising encapsulating the wires and at least some of the substrate and
the die in an encapsulant to form molded segments.   '18 JUNE 2003 22 35.
The method of claim 33 wherein the adhesive layer has a peripheral shape
larger than that of the substrate such that the adhesive layer supports the
portions. 



36. The method of claim 33 wherein the external contacts comprise balls in
a ball grid array. 37. The method of claim 33 wherein the substrate
comprises a plurality of second bonding sites on the second side in a grid
array in electrical communication with the conductors and configured to
attach the external contacts to the substrate. 38. The method of claim 33
wherein the adhesive layer comprises tape or a cured polymer. 39. A method
for fabricating a board-on-chip semiconductor package comprising: providing
a semiconductor die comprising a face and a plurality of die contacts on
the face; providing a substrate comprising a circuit side, a back side, an
edge, a plurality of conductors on the circuit side and a plurality of
bonding sites comprising portions of the conductors overhanging the edge;
forming an adhesive layer between the circuit side and the face to bond the
substrate to the die with the adhesive layer contacting and supporting the
portions; wire bonding a plurality of wires to the bonding sites and to the
die contacts; encapsulating the wires in an encapsulant; and forming a
plurality of external contacts on a back side of the substrate in
electrical communication with the conductors. 40. The method of claim 39
wherein the encapsulating step comprises forming molded segments on the die
and the edge of the substrate. 41. The method of claim 39 wherein the
external contacts comprise balls in a ball grid array.   18 JUNE 2003 



23 42. The method of claim 39 further comprising forming a solder mask on
the back side of the substrate having a plurality of openings for the
external contacts. 43. The method of claim 39 wherein the substrate
comprises a material selected from the group consisting of bismaleimide
trizine (BT), epoxy, and polyimide. 44. The method of claim 39 wherein the
adhesive layer comprises tape or a cured polymer. 45. A method for
fabricating a semiconductor package comprising: providing a semiconductor
die comprising a face and a plurality of die contacts on the face;
providing a substrate having an edge, a circuit side and a back side;
forming a plurality of conductors on the circuit side and a plurality of
bonding sites comprising portions of the conductors overhanging the edge;
forming a plurality of external contacts on the back side in electrical
communication with the conductors; forming an adhesive layer between the
circuit side and the face in contact with the conductors configured to
attach the substrate to the die and to support the portions; bonding a
plurality of wires to the die contacts and to the bonding sites; and
molding an encapsulant to the die and to the substrate to cover the wires.
46. The method of claim 45 wherein the forming the external contacts step
comprises bonding or forming balls on the substrate. 47. The~method of
claim 45 wherein the forming the adhesive layer step comprises attaching a
polymer tape to the die or the substrate. 48. The method of claim 45
wherein the forming the adhesive layer step comprises applying a curable
polymer to the die or the substrate.   



18 JUNE 2003 24 49. The method of claim 45 further comprising forming a
mask on the back side of the substrate having openings for the external
contacts. 50. The method of claim 45 wherein the substrate comprises a
material selected from the group consisting of bismaleimidetrizine (BT),
epoxy, and polyimide. 51. An electronic assembly comprising: a substrate
comprising a plurality of electrodes; at least one semiconductor package on
the substrate comprising: a semiconductor die; a board having a first side)
an opposing second side and a peripheral edge; a plurality of conductors on
the first side having portions thereof overhanging the peripheral edge; a
plurality of external contacts on the second side in electrical
communication with the conductors and bonded to the electrodes; an adhesive
layer in contact with the die, the conductors and the first side; and a
plurality of wires bonded to the portions and to the die. 52. The assembly
of claim 51 wherein the package is flip chip mounted to the substrate. 53.
The assembly of claim 51 wherein the assembly comprises a multi chip
module. 54. The assembly of claim 51 wherein the package further comprises
an encapsulant encapsulating the wires. 55. The assembly of claim 51
wherein the external contacts comprise balls or bumps in a grid array. 56.
The assembly of claim 51 wherein the adhesive layer comprises a tape or a
cured polymer. 



18 JUNE 2003 25 57. The assembly of claim 51 wherein the package further
comprises a mask on the second side. 58. The assembly of claim 51 wherein
the package further comprises a plurality of conductive vias in the board
electrically connecting the external contacts and the conductors.
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