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· BOC SEMICONDUCTOR PACKAGE INCLUDING A SEMICONDUCTOR 
DIE AND A SUBSTRATE BONDED CIRCUIT SIDE DOWN TO THE DIE 

Field of ~he Inyention 
This invention relates generally to semic0nductor 

packhging, 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 of the Invention 
one type of semiconductor package is ref erred to as a 

"chip scale packagen. 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 nuncased" or "cased" configurations. Uncased 

chip scale packages have a 11 footprint 0 (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. For 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, su.ch as bismaleimide triazine (BT) , an 

epoxy resin (e.g., °FR-4") 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 ar~~y (BGA), or a fine ball grid 

array (FBGA) . These dense arr~ys permit a high l~put/output · 
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capability for the chip scale package. For example, a FBGA 

on a chip ·scale package can include several hundred solder 

balls. The pattern of conductors on the substrate, and the 

assoaiated bonding sites for the external contacts, :i.s 

sometimes referred to as a "circuit.". 

One type of chip scale package is known as a board-on­

chip (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 lA and lB, 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 i6 on the circuit side 14. The bond pads 16 are 

in electrical communication with the integrated circuits and 

semiconductor devices contained on the die 12. The BOC 

package 10 also includes a substrate 18 bonded to the circuit 

side 14 of the die 12. ~he substrate lB has a circuit side 

22 containing a pattern of conductors 24, and an adhesive 

layer 20, which bonds the substrate lB 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 are 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 conununication 

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 e_xternal 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 :;;it"es 30, and 
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wires 34 are wire bonded to the wire bonding sites 30, and to 
the bond pads 16 on the die 12. The BOC package 10 also 
includes an enca~sulant 36 that encapsulates the wires 34 and 
the~associated wire bonds on the wire bonding sites 30 and on 
the bond pads 16. Typically, 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 10 i~ that using 
standard wire bonding techniques the wires 34 are formed with 
a loop height Wl. In addition, the encapsulant 36 must have 
a width Xl, and a thickness Yl which insures that the wires 
34 are fully covered by a desired covering thickness Zl 
(e ,g., o. 02 nun to 0 .10 mm) . Accordingly, the thickne_ss Yl of 
the encapsulant 36 must be selected to be at least equal to 
the loop height Wl plus the covering thickness Zl (Yl=Wl+Zll. 
An overall height YP (profile} of the package 10 is thus 
affected by the loop height Wl, by the covering thickneas Zl, 
and by the thickness Yl of the encapsulant 36. 

It would be advantageous to be able to decrease the loop 
height Wl and the thickness Yl of the encapsulant 36. In 
particular, reductions in the loop height Wl and the 
thickness Yl of the encapsulant 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 Xl of 
the encapsulant 36, as this would decrease the footprint of 
the BOC package 10. 

Another feature of the BOC package 10 is that the 
relatively large thickness Yl 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 ~ave a 
diameter Dl that is larger than the depth 02 of the recess 
38. In order to satisfy this requirement the external 
contacts 26 must be. larger th~d:· ~therwise requ~re!d. It would 
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be advantageous to be able to decre.ase the d~pth D2 of the 

recess 38. 

Yet another feature of the BOC package 10 is that during 

mold{ng of the encapsulant 36, some mold material may bleed 

onto the solder mask 32. The mold bleed can adversely affect 

bonding of the external contacta 26 to the bonding sites 28. 

The mold bleed can also adversely af feet the electrical 

connections to the exte~nal contacts 26, and the cosmetic 

appearance of the BOC package 10. 

The present invention is directed to an improved BOC 

package that has a reduced thickness, and 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 assemblies 

incorporating the package. 

Summary of the Invention 

In accordance with the present invention, an improved 

BOC package~ a method for fabricating the BOC package, and 

electronic assemblies incorporating the BOC package are 

provided, 

The BOC package includes a semiconductor die, a 

substrate adhesively bonded to the O.ie, and an array of 

external contacts (e.g., BGA solder halls) on the substrate. 

The BOC package also includes wires that are.wire bonded to 

the die and to the substrate, and molded segments on either 

side of the substrate for encapsulating the wires. 

The semiconductor die includes a circuit side (face) 

having a pattern of die contacts in electrical communication 

with the integrated circuits contained on the die. The 

substrate also includes a c~:rcuit side (fac~) having a 
t 

pattern of conductors and wire/- bonding sites l."p~ated outside 
' t 
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of the peripheral edges of the substrate. In addition, t.he 

substrate includes a back side with the external contacts and 

ball bonding sites for bonding the external contacts to the 
1 

substrate. 

In the BOC package the substrate is bonded to the die 

with its circuit side 11 down 11
, or 1'facing" the circuit side of 

the die (i.e., circuit side to circuit side) . Stat.ed 

dif~erently, the circuit side of the substrate faces "in" 

relative to the exterior of the package, rather than "out" as 

with conventional BOC packages. This arrangement permits a 

loop height of the wires, and a height of the molded 

segments, to be decreased by a distance equal 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 exterior 

surf aces 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 die with the circuit 

side having the die contacts; providing the substrate with 

the circuit side having the pattern of conductors and wire 

bonding sites, and with the back side having the ball bonding 

sites in electrical communication with the conductors; 

adhesively bonding the circuit side of the substrate to the 

oircuit side of the die; wire 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 bonding the external contacts to the ~all bonding sites 

on the substrate. 

An electronic assembly, such as a multi chip module, 

includes a substrate and multiple BOC packages flip .chip 

mounted the substrate. Because the BOC packages have a 

reduced height, a height of the ~ssembly is also r~duced. 
t .•t 
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Brief Description of th~ Drawings 

Figure 1A is an enlarged bottom view of a prior art BOC 

package; 

.. Figure lB is an enlarged cross sectional view of the 
~ 

5 prior art BOC package taken along section line lB-lB of 

Figure lA; 

Figure 2A is an enlarged bottom view of a BOC package 

constructed in accordance with the invention; 

. Figure 2B 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 20 is a cross sectional view of the BOC package 

taken along section line 2D-2D of Figure 2B; 

Figure 2E is an enlarged cross sectional view of an 

external contact on the BOC package taken along section line 

2E-2E of Figure 2B; 

Figures 3A-3F are schematic cross sectional views 

illustrating steps in a method for fabricating the BOC 

package of Figures 2A-2D; 

Figure 4A is a plan view of an electronic assembly .that 

includes BOC packages constructed in accordance with the 

invention; and 

Figure 4B is a side elevation view of the electronic 

assembly taken along line 4B-4B of Figure 4A. 

DetaiJ~d Description of the Preferred Embodiments 

Referring to Figures 2A and 2B, a BOC package 40 

constructed in accordance with the invention is illustrated. 

The BOC package 40 includes a semiconductor die 42 and a 

substrate 44 bonded to the die 42. 

The die 42 includes a semiconductor substrate, such as 

silicon or gallium arsenide, containing integrated circuits 

fabricated using well known Pfbcesses. The di~ 42 can be a 
t t .. 
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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. 

The die 42 includes a circuit side 46 (face) and a back 
side 48. In addition, the die 42 includes 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 50 
comprise planar bond pads formed of a wire bondable material 
(e.g., aluminum). However, the die contacts 50 can comprise 
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 below a passivation 
layer on the circuit side 46 of the die 42 as is 
conventional. Also, a thickness of the die 42 can be 
conventional with a thickness of between about 0.2 nun and 0.5 
mm being representative. 

The substrate 44 for the BOC package 40 comprises an 
electrically insulating 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 for the substrate 44 include bismaleimide­
trizine (BT), epoxy resins ("FR-4 11 and "FR-5"), and poly:i..mide 
resins. A representative thickness T (Figure 2B) of the 
substrate 44 can be from about 0.2 nun to 1.6 mm. 

A~ also shown in Figure 2B, the substrate 44 includes a 
back side 52 and a circuit side 54. The back side 52 of the 
substrate 44 includes ball bonding sites 56, and external 
contacts SB bonded to the ball bonding sites 56. As shown in 
Figure 2C, the ball bonding' /s·i tes 56 comp~is"'~ generally 

' I ; 1 l ~ 
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square shaped metal pads arranged in a dense grid array. The 

external contacts 58 comprise solder balls bonded to the ball 

bonding sites 56. A representative diameter of the external 
~ 

contacts SB ca.n be from about 0.1. mm to 0.5 mm. In addition, 

the external contacts SB can be bonded to the ball bonding 

sites 56 using any suitable process, such as solder reflow, 

.welding, brazing, or laser heating. The material for the 

ball. bonding sites 56 and the material for the external 

contacta 58 can be selected to facilitate the bonding 

process. 

The back side 52 of the substrate 44 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 negative or 

positive tone resist. Such a material can be blanket 

deposited to a desired thickness, then exposed and developed 

·to form the via openings 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 

conductive vias 68 through the substrate 44 establish 

electrical communication between the conductors 64 on the 

circuit side 54, and the ball bonding sites 56 on the back 

side 52 of the substrate 44. As shown in Figure 2E, the 

conductive vias 68 comprise openings in the substrate 44 at. 

least partially filled with a conductive material, such as 

metal or a conductive polymer. As shown in Figure 2D, the 

conductors 64 fan out from the conductive vias 68 to the 

edges 70, 72 of the substrate 44. In addition, the 

conductors 64 include wire bonding sites 66 arranged in a 

spaced array along the edges 70, 72 of the substrate 44. 

Preferably the conductors 64 comprise a highly conductive 

wire bondable metal such as copP,~r. 

I 
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As shown in Figure 2D, the wire bonding sites 66 

comprise portions of the conductors 64 that overhang the 

edge~ 70, 72 of the substrate 44. In addition, the wire 

bonding sites 66 are located on a backside of the conductors 

64. The configuration of the wire bonding sites 66 provides 

access for wire bonding thin bond wires 74 (Figure 2B) to the 

conductors 64. As shown in Figure 2B, the bond wires 74 are 

also wire bonded to the die contacts SO on the circuit side 

46 of the die 42. In addition, an encapsulant 78 is molded 

to the substrate 44, and to the die 42, to form generally 

rectangular shaped molded segments 84, 86 (Figure 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 wire bonds on the bonding sites 66 and die 

contacts 50. 

As also shown in Figure 2B, the BOC package 40 includes 

an adhesive layer 76 which bonds the su~strate 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 

adhesive such as an epoxy, polyimide or acrylic adhesive. 

The substrate 44 is bonded to the die 42 with its circuit 

side 54 facing the circuit side 46 of the die 42 (i.e., 

circuit side to circuit side) . 

with this arrangement the surfaces of the conductors 64 

faoe inward relative to exterior portions of the BOC-~ackage 
40, and are protected by the bulk of the substrate 44. 

However, the wire bonding sites 66 on the overhanging 

portions of the conductors 64 are located on the opposing 

inner surfaces of the conductors 64 to permit access for _wire 

bonding. rn addition, the adhesive layer 76 has a peripheral 

outline that is larger than the peripheral outline of the 

substrate 44 to provide suppor~ for the wire bonding sites 
~·';' . 

66. 
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Also with this configuration of wire bonding sites 66, a 

loop height W2 of the wires 74 is reduced with respect to the 

loop height Wl (Figure lB) of the prior art BOC package 10. 
1 Specifically, . the loop height W2 is reduced by a distance 

approximately equal to the thickness T of the substrate 44 

(i.e., W2 < Wl by T). If a same covering thickness Z2 for 

covering the wires 74 is maintained (i.e., Zl; Z2 = 0.02 mm 

to 0.10 mm}, then the thickness Y2 of the encapsulant 78, and 

the overall height Y of the package 40 are also reduced by a 

distance approximately equal to the thicknesf?l T of the 

substrate 44 (i.e., Y < YP by T). Similarly, with the 

thickness Y2 of the encapsulant 7B 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 

reduced profile. 

Another advantage of the BOC package 40 is that the 

molded segments 84, 86 have a more planar exterior surface 80 

than with the prior art BOC package 10, because a depth D3 of 

a recess 82 formed by the molded segments 84, 86 is 

decreased. In addition, with the more planar exterior 

surface 80 and smaller recess 82, bleed through of the 

encapsulant 78 onto the solder mask 60 during molding of the 

molded segments 84, 86 is reduced. 

Referring to Figures 3A-3F, steps in a method for 

fabricating the BOC semiconductor pack.age 40 are illustrated. 
I 

Although these steps are shown as being performed using a 

single substrate 44, it is to be understood that the steps 

can be performed at the same time on multiple aubstrates 44 

to fabricate multiple BOC semiconductor packages 40. For 

example, multiple substrates 44 can be contained on a panel 

similar to a lead frame and the steps to follow can be 

perforn\ed on all of the substrates 44 on the panel. As 

another alternative, multiple ~emiconductor dic~,42 can be 

contained on a semiconductor: wafer, and e. ·t flafer level 
., ~ 
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fabrication process can be utilized to attach substrates 44 

to the dice 42, and to form multiple BOC paGkages 40 at the 

same time. In either case, following the fabrication process 

the wanel or the wafer can be singulated into individual BOC 

packages 40. 

Initially, as shown in Figure 3A, the substrate 44 can 

be provided with a desired thickness T (e.g., 0.2 mm to 1.6 

mm), As previously mentioned, suitable materials for ·.the 

subst·rate 44 include bismaleimide-trizine (BT), epoxy resins 

( "FR-4" and "FR-5 ''), and polyimide resins. The.se 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 54, 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 44 from the back side 52 to the circuit side 54. 

The openings 88 can be formed using any suitable process such 

as laser machining, etching, punching, or drilling. In 

addition, the pattern of the openings 88 can match the 

desired pattern of the external contacts 58. 

Nex.t, as shown in Figure 3B, an electrically conductive 

material, such as a metal, is deposited into the openings 88. 

Suitable metals include solder, aluminum, titanium, nickel, 

iridium, copper, gold, tungsten, silver, platinum, palladium, 

tantalum, molybdenum, and alloys of these metals. The metal 

can be deposited within the openings 88 using a deposition 

process such as CVD, electrolytic deposition, or electroless 

deposition. A Eolder metal can be screen printed in the 

openings, or drawn by capillary action using. a''~h.ot solder 
. ' 
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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 

epo><jy. . A conductive polymer can be deposited within the 

openings 88 by screen printing or stenciling, followed by 

curing as required. 

As also shown in Figure 3B, the ball bonding sites 56 

can be formed on the back side 52 of the substrate 44 in 

electrical conununication with the conductive vias 68. Either 

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 

square 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 ~igure 3B, the solder mask 60 can be 

formed on ·the back side 52 of the substrate 44. The soider 

mask 60 can be formed 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 pbotoimageable dielectric material can then be 

exposed and developed to· form the via openings 62, and cured 

as required. In the illustrative embodiment the via openings 

62 align with the ball bonding sites 56 and have the same 

peripheral outline. One suitable resist is commercially 

available from Taiyo America Inc. Carson City, NV under the 

trademark "PSR-4000". Another suitable resist is 

commercially available form Shipley under the trademark "XP~ 

95oou. 

Next, as shown in Figure 3C, the conductors 64 and the 

wire bonding sites 66 can be fotmed on the circµif'side 54 of 
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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 

through a mask. In this case the copper foil will have a 

peripheral outline that is greater than that of the subatrate 

44, such that the bonding sites 66 overhang or project trom 

the edges 70, 72 of the substrate 44. The bonding sites 66 

are thus f orrned by the terminal portions of the conductors 

64. In addition, the bonding sites 66 are on the opposing 

surfaces of the conductors 64 which face away from the 

circuit side 54 of the subatrate 44. If desired, the wire 

bonding sites 66 can be plated with a metal such as gold or 

nickel, to facilitate the wire bonding process. Also, the 

substrate 44 and the conductors 64 can be fabricated from a 

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

bismaleirnide-triazine (BT) core, available from Mitsubishi 

Gas Chemical Corp., Japan, 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 30, the semiconductor die 42 

and the adhesive layer 76 are provided. The semiconductor 

die 42 includes the contacts 50 in electrical communication 

with the integrated circuits contained on the die 42. In 

addition, depending on the fabrication process the die ~2 can 

comprise a singulated die or can be contained on a 

semiconductor wafer. For example, if the substrate 44 is 

contained on a panel with multiple substrates, then 

singulated dice 42 can be attached to the panel. 

Alternately, the die 42 can be contained on a wafer with a 

plurality of dice, and a substrate 44 attached to each die 42 

on the wafer~ The adhesive l&yer 76 can comprise a double . . . . 
sided adhesive tape, such as polyimide tape .. Aiternately, 

i 
' ~ ; 
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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 42 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 of the die 42 faces the circuit side 54 of the 

supstrate ~4. This is in contrast to the conventional BOC 

package 10 (Figure lB) in which the circuit side of the 

substrate 18 (Figure lB) faces outward. However, the wire 

bonding sites 66 on the opposing side of the conductors 64 

are exposed to permit access for wire bonding the wires 74 to 

the wir~ bonding sites 66 and to the contacts 50 on the die 

42. A conventional wire bonder can be used to wire bond the 

wires 74. As previoualy 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 s':lhstrate 44. 

Next, as shown in Figure 3F, the encapsulating resin 78 

can be molded to the die 42, and to the substrate 44 to form 

the molded segments 84, 86. The encapsulating resin 78 can 

comprise a Novolac baaed epoxy formed in a deaired shape 

using a transfer molding process, and then cured using an 

oven. Because the wires 74 have a reduced loop height the 

thickness Y2 (Fi.gure 2B) of the encapsulating resin 78 and 

the overall height Y (Figure 2B) of the package 410 are 

reduced substantially as .previously explained. 

As also shown in Figure 3F, the external contacts 58 can 

be bonded to the ball bonding sites 56 using a sui-table 

bonding process. For example, with the external contacts 58 

comprising solder balls a solder reflow process can be 

employed. In this case solder flux can be deposited on the 

ball bonding sites 56 and on the external contacts. SB. The 

external contacts 58 can then be placed on the b~ll bonding 
1 .. 
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sites 56, and a furnace can be used to form metallurgical 

solder bumps between the external Gontacts 5B and the ball 

bonding sites 56. During bonding, the via openings 62 in the 

soldJr mask 60 facilitate alignment of the external contacts 

58 to the ball bonding sites 56. Alternately rather than a 

solder ref low process the external contacts 58 can be bonded 

by welding or brazing 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 40 the external contacts 58 

can be used to establish electrical communication with the 

integrated circuits contained on the die 42. In addition, 

the external contacts SB can be used to bond the BOC package 

40 to a mating substrate such as a module or printed circuit 

board. 

Referring to Figures 4A and 4B, an electronic assembly 

90 constructed with a plurality of BOC packages 40 is 

illustrated. In the illustrative embodiment the electronic 

assembiy 90 comprises a multi chip module. However, other 

electronic assemblies can also be constructed using one or 

more of the BOC packages 40. The assembly 90 includes a 

substrate 92, and an edge connector 94 on the substrate 92. 

The substrate 92 also includes a plurality of electrodes 96 
I 

in electrical communication with the edge connector 941~ The 

BOC packages 40 are flip chip mounted to the substrate 92 

with the external contacts 58 on the BOC packages 40 bonded 

to the electrodes 96. Because the BOC packages 40 have a 

reduced overall height Y (profile), the assembly 90 also has 

a reduced height YA (profile) . 

Thus the invention provides an improved BOC 

semiconductor package, a methoQ.,Jor fabricating the package, 

and improved semiconductor ass~mblies construct;d with the 
I . ' 

~ ~ 
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package. While the invention has been described with 
'I 

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 !S: 

1~ A semiconductor package comprising: ., 

a semiconductor die; 

a substrate having a first side and an opposing second 

side, the substrate comprising a plurality of conductors on 

the first side and bonding sites on the conductors, 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 die; 

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 bonding sites 

overhang an edge of the substrate to. provide access for 

bonding the wires. 

3. The package of claim 1 wherein the external contacts 

comprise balls in a grid array. 

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 pluralit¥ of 

conductors on the first side having port.ions 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; and 

a plurality of wires bonded to the portions and to the 

die. 
.. ~ l . . ~ 
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5. The package of claim 4 further comprising an 

encapsulant molded to the die and to the substrate 

enca~sulating the wires. 

6. The package of claim 4 wherein the external contacts 

comprise balls in a grid array. 

7. The package of claim 4 fu:rther comprising an 

adhesive layer attaching the substrate to the die. 

8. The package of claim 4 further comprising a solder 

mask on the second side. 

9. The package of claim 4 further comprising a 

plurality of conductive vias in the substrate electrically 

connecting the external contacts to 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 facing towards the die, the substrate comprising 

a plurality of conductors on the circuit side and a plurality 

of bonding sites proximate to the circuit side in electrical 

communication with the conductors; and I 
!\ 

a plurality of wires bonded to the die contacts and to 

the bonding sites; 

the substrate and the bonding sites· configured to reduce 

a l·oop height of the wires by a distance approximately equal 

to the thickness of the_ substrate when compared to a second 

package comprising a second substrate bonded to a second die 

with its circuit side facing aw~~-from the second die . 
. ~. 

• ! l . 

' i 
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11. The package of.claim 10 wherein the substrate has 

an edge and the bonding sites comprise portions of the 

conductors overhanging the edge. 
'.j 

12. The package of claim 10 wherein the substrate has a 

back side· facing away from the die and a plurality of 

external contacts on the back side in electrical 

communication with the conductors. 

13. The package of claim 10 wherein the substrate 
comprises an organic polymer resi'n reinforced with glass 

fibers. 

14. The package of claim 10 wherein the substrate 

comprises a material selected from the group consisting of 
bismaleimide-trizine (BT), epoxy resins, and polyimide 

resins. 

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 wi ~h the 

conductors, the substrate bonded to the die with the first 
side facing the circuit side; and 

a plurality of wires bonded to the bonding sites on the 
conductors and to the die contacts on the die. 

16. The package of claim 15 further comprising a 
plurality of external contacts .... on the second side of the ! }';: 

substrate in electrical communic~tion with the conductors. r .. : " · 
., ~ 
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17. The package of claim 15 wherein the bonding sites 

comprise terminal portions of the conductors. 

1 

18. The package of claim 15 further comprising a molded 

segment on the die encapsulating the wires. 

19. The package of claim 15 further comprising an 

adhesive layer between the circuit side of the die and the 

first side of the substrate bonding the die to the substrate. 

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 

and a back side; 
a plurality of conductors on the circuit side and a 

plurality of bonding sites on the conductors extending from 

the edge; 

a plurality of external contacts on the back side in 

electrical communication with the conductors; 

an adhesive layer between the circuit side and the die 

attaching the substrate to the die; 

a plurality of wires bonded to the die contacts and to 

the bonding sites; and 
I 

an encapsulant molded to the die and to the suHstrate 

covering the wires. 

21. The package of claim 20 wherein the adhesive layer 

baa a peripheral shape larger than that of the board such 

that the bonding sites are supported by the adhesive layer. 

22. The packa9e of cl~i~ 20 wherein the substrate 
""' a plurality of conductive vias extending from the 

~ i 1 
. l i, 
. J 

comprises 
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circuit side to the back side and establishing electrical 

communication between the external contacts and the 

conductors. 

23. The package of claim 20 wherein the bonding sites 

comprise surfaces of the conductors facing away from the die. 

24. The package of claim 20 further comprising a solder 

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 in a grid array. 

26. The package of claim 20 wherein the substrate 

comprises a material seiected from the group consisting of 

bismaleimide-trizine (BT), epoxy resins, and polyimide 

resin::;. 

27. The package of claim 20 wherein the adhesive layer 

comprises a polymer tape or a cured polymer adhesive. 

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; 

attaching the substrate to the die with the first side 

facing towards the die and the second side facing away from 

the die; and 

bonding a plurality of wires to the portions and to the 

die. 
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29. The method of claim 28 further comprising forming a 

plur.p.lity of external contacts on the second side in 
~; 

electrical communication with the conductors. 

30. The method of claim 28 further comprising 

encapsulating the wires in an encapsulant. 

31. The method of claim 28 wherein the attaching step 

comprises forming an adhesive layer between the die and the 

substrate. 

32. The method of claim 28 wherein the bonding step 

comprises wire bonding. 

33. A method for fabricating a semiconductor package 

comprising: 
providing a semiconductor die comprising a circuit side 

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 aide, a plurality of bonding site? proximate to the 

first side in electrical communication with the conductors, 

and a plurality of external contacts on the second side in 

electrical communication with the conductors; , 
!I 

adhesively bonding the first side of the substrate to 

the circuit side of the die; 

bonding a plurality of wires to the bonding sites on the 

substrate and to the die contacts on the die. 

34. The method of claim 33 further comprising 

encapsulating the wires in an encapsulant. 
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35. The method of claim 33 wherein the bonding sites 

overhang an edge of the substrate to provide access tor 

bona\ng the wires. 

36. The method of claim 33 wherein the external 

contacts comprise balls in a grid array. 

37. The method of claim 33 wherein the substrate 

comprises a plurality of second bonding sites on the second 

side in electrical communication with the conductors and 

configured to attach the external contacts to the substrate. 

38. The method of claim 33 wherein the bonding sites 

comprise surfaces of the conductors extending from an edge of 

the substrate and facing away from the die. 

39. A method for fabricating a board-on-chip 

semiconductor package comprising: 

providing a semiconductor die comprising a plurality of 

die contacts; 

providing a substrate comprising a plurality of 

conductors on a circuit side of the substrate and a plurality 

of bonding sites comprising portions of the conductors 

overhanging an edge of the substrate; 
I 
!\ 

bonding. the substrate to the die with the circuit side 

facing the die; 

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. 
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40. The method of claim 39 wherein the encapsulating 

step comprises forming molded segments on the die and the 

substrate. 
~i 

41. The method of claim 39 wherein the external 

contacts comprise balls in a grid array. 

42. The method of claim 39 further comprising forming a 

solder mask on the back side of the substrate having openings 

for ~he external contacts. 

43. The method of claim 39 wherein the substrate 

comprises a material selected from the group consisting of 

bismaleimide-trizine (BT) , epoxy resins, and polyimide 

resins. 

44. The method of claim 39 wherein the bonding step 

comprises forming an adhesive layer between the die and the 

substrate. 

45. A method for fabricating a semiconductor package 

comprising: 
providing a semiconductor die comprising a plurality of 

die contacts; 
providing a substrate having an edge, a circuit side and 

a back side; 11 

forming a plurality of conductors on the circuit side 

and a plurality of bonding sites on the conductors extending 

from 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 die to attach the substrate. ~o the die; 
' 
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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 
1 to cover the wires. 

46. The method of claim 45 wherein the forming the · 
external contacts step comprises bonding solder balls to the 
substrate. 

47. The method of claim 45 wherein the forming the 
adhesive layer step comprises attaching a polymer tape to the 
die and the substrate. 

48. The method of claim 45 wherein the forming the 
adhesive layer step comprises applying a curable polymer to 
the die and the substrate. 

49. The method of claim 45 further comprising forming a 
solder 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 
bismaleimide-trizine (BT), epoxy resins, and polyiroide 
resins. 

51. An electronic aasembly COll\Prising: 

I 
!\ 

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 an edge, the board, ... comprising a p:J_urality of 
~·~ . . 

conductors on the first s:i.ile having port.ions thereof 
' ! .. 

~ I 
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overhanging the edge, and a plurality of external contacts on 

the 1 second side in electrical communication with the 

conductors and bonded to the electrodes, the board attached 

to the die with t~e first side facing towards the die and the 

second side facing away from the die; 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 board. 

53. The assembly of claim 51 wherein the substrate and 

the package are configured as a multi chip module. 

54. The assembly of claim 51 wherein the package 

further comprises an encapaulant molded to the die and 

encapsulating the wires. 

55. The assembly of claim 51 wherein the external 

contacts comprise balls in a grid array. 

5 6 . The assembly of claim 51 wherein the package 

further comprises an adhesive layer attaching the board to 

the die. :, 

57. The assembly of claim 51 wherein the package 

further comprises a solder 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 to the 

conductors. }'i' 


