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(57) ABSTRACT 

A method for packaging a Semiconductor device includes 
connecting a plurality of wire leads to a corresponding 
plurality of electrical connection pads on the Semiconductor 
device, covering at least a portion of the Semiconductor 
device and at least a portion of each of the wire leads with 
an encapsulating material, and removing a portion of the 
encapsulating material and a portion of each of the wire 
leads to form a packaged Semiconductor device wherein 
each of the wire leads has an exposed portion only at an end. 
The invention also includes a packaged Semiconductor 
device having an integrated circuit device with a plurality of 
electrical connection pads, a plurality of wire leads coupled 
to the plurality of electrical connection pads, and a covering 
of encapsulating material covering at least a portion of the 
integrated circuit device and covering each of the wire leads, 
wherein each of the wire leads has an exposed end. The 
present invention contemplates wire bonding and encapsu 
lation of individual die as well as multiple die on a Single 
wafer. 
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METHOD AND APPARATUS FOR A 
SEMCONDUCTOR PACKAGE FOR VERTICAL 

SURFACE MOUNTING 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates generally to the packaging of 
Semiconductor dice and, more particularly, to the packaging 
of Semiconductor dice to facilitate vertical mounting on a 
printed circuit board. 
0003 2. Description of the Related Art 
0004 Semiconductor dice are normally formed in large 
quantities on a wafer of Semiconductor material, for 
example, Silicon. After the dice are Singulated from the 
wafer, they may be individually packaged in a plastic or 
ceramic package, for example. A lead frame may Support the 
die for wire bonding and packaging and provide the lead 
System for the completed package. In general, electrical 
circuitry formed on the die is coupled to bond pads on the 
die to facilitate interconnection of the electrical circuitry 
with the outside world. During the wire bonding and pack 
aging process, each bond pad is electrically connected by 
way of wire leads to the lead frame. The electrical connec 
tion includes a wire bond formed on the bond pad, a wire 
lead and a wire bond formed on the lead frame. An encap 
Sulating material protects and insulates the die, and the die 
is mounted in a package having external pins for intercon 
necting the electrical circuitry on the die, via the wire bonds, 
to the outside world. 

0005 The packaged die may be mounted to a printed 
circuit board for constructing an electronic device Such as a 
computer. One problem associated with conventionally 
packaged die is that the package occupies a relatively large 
amount of Space on the printed circuit board. To address this 
problem, multi-chip modules have been developed that 
utilize bare or unpackaged Semiconductor dice. However, 
because bare dice are thin and fragile, packages called 
connectors have been developed to electrically connect and 
house multiple bare dice for mounting a Supporting Substrate 
to a printed circuit board. One problem with this type of 
connector is that it is difficult to make a reliable electrical 
connection to a bare die. In addition, the bare die is often 
damaged during insertion into the connector. 

0006 Another method that has been developed to address 
the above-mentioned problem associated with convention 
ally packaged dice involves the addition of contact pads to 
the integrated circuit device. The contact pads are aligned 
along one edge of the die, and each contact pad is intercon 
nected by means of an electrical trace to a bond pad on the 
die. Thus, each of the bond pads on the die is electrically 
coupled to a contact pad, all the contact pads being situated 
along a Single edge of the die. After an encapsulating 
material is deposited or otherwise formed over the die, 
openings are made in the encapsulating material over the 
contact pads. A multi-chip holder, having electrical contacts 
on its bottom Surface, is adapted to receive multiple dice 
oriented vertically in the holder. The contacts at the bottom 
Surface of the holder engage the contact pads on the edge of 
the encapsulated die and mate with electrical traces on a 
printed circuit board to complete the interconnection 
between the electrical traces on the printed circuit board and 
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the electrical circuit on the encapsulated die. This method is 
illustrated in U.S. Pat. No. 5,593,927 to Farnworth et al., 
entitled “METHOD FOR PACKAGING SEMICONDUC 
TOR DICE”. Although encapsulation provides additional 
protection to the die, this method nevertheless suffers from 
Some of the same deficiencies of previous methods. 

SUMMARY OF THE INVENTION 

0007. The present invention includes a method for pack 
aging a Semiconductor device comprising connecting a 
plurality of wire leads to a corresponding plurality of 
electrical connection pads on the Semiconductor device. The 
method further includes covering at least a portion of the 
Semiconductor device and at least a portion of each of the 
wire leads with an encapsulating material. Finally, the 
method includes removing a portion of the encapsulating 
material and a portion of each of the wire leads to form a 
packaged Semiconductor device wherein each of the wire 
leads has an exposed portion at a Surface of the encapsulat 
ing material. 
0008. The present invention also includes a packaged 
Semiconductor device comprising an integrated circuit 
device having a plurality of electrical connection pads and a 
plurality of wire leads coupled to the plurality of electrical 
connection pads. The device includes a covering of encap 
Sulating material covering at least a portion of the integrated 
circuit device and covering each of the wire leads, wherein 
each of the wire leads has an exposed end. 
0009. The present invention further includes a processed 
Semiconductor wafer comprising a Semiconductor wafer 
having first and Second integrated circuit devices formed on 
a first surface of the wafer. A plurality of wire leads is 
coupled between the first and Second integrated circuit 
devices, and a covering of encapsulating material covers at 
least the first and Second integrated circuit devices and the 
wire leads coupled between the first and Second integrated 
circuit devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The invention may be understood by reference to 
the following description taken in conjunction with the 
accompanying drawings, in which like reference numerals 
identify like elements, and in which: 
0011 FIG. 1 is a plan view of an integrated circuit die 
showing bond pads, contact pads and interconnecting elec 
trical traces, 
0012 FIG. 2 is a plan view showing an encapsulated die 
interconnected to a portion of a lead frame; 

0013 FIG. 3 is an elevation view showing one edge of an 
encapsulated die having wire leads protruding therefrom; 

0014 FIG. 4 shows a multi-chip holder adapted to 
receive a plurality of dice packaged according to the present 
invention; 

0.015 FIG. 5 shows a plan view of one die slot of a 
multi-chip holder with an encapsulated die disposed therein; 

0016 FIG. 6 is a cross-sectional view of a die slot of a 
multi-chip holder having an encapsulated die disposed 
therein; 
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0017 FIG. 7 is another cross-sectional view of a die slot 
of a multi-chip holder with an encapsulated die disposed 
therein; 
0.018 FIG. 8 illustrates a portion of a wafer having two 
dice partially processed according to one method utilizing 
the present invention; and 
0.019 FIG. 9 is a cross-sectional view showing portions 
of two encapsulated dice processed according to one method 
utilizing the present invention. 
0020 While the invention is susceptible to various modi 
fications and alternative forms, specific embodiments 
thereofhave been shown by way of example in the drawings 
and are herein described in detail. It should be understood, 
however, that the description herein of Specific embodiments 
is not intended to limit the invention to the particular forms 
disclosed, but on the contrary, the intention is to cover all 
modifications, equivalents, and alternatives falling within 
the Spirit and Scope of the invention as defined by the 
appended claims. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

0021 Illustrative embodiments of the invention are 
described below. In the interest of clarity, not all features of 
an actual implementation are described in this specification. 
It will of course be appreciated that in the development of 
any Such actual embodiment, numerous implementation 
Specific decisions must be made to achieve the developers 
Specific goals, Such as compliance with System-related and 
busineSS-related constraints, which will vary from one 
implementation to another. Moreover, it will be appreciated 
that Such a development effort might be complex and 
time-consuming, but would nevertheless be a routine under 
taking for those of ordinary skill in the art having the benefit 
of this disclosure. 

0022 FIG. 1 is a plan view of an integrated circuit device 
10 comprising a substrate 12 in which various electrical 
devices have been formed using techniques that are well 
known in the art. Formed on the Substrate 12 is electrical 
circuitry (not shown) to interconnect the electrical devices 
formed in the Substrate 12 with each other and with bond 
pads 14. The bond pads 14 typically form a connection 
between the electrical circuitry on the integrated circuit 
device 10 with the outside world. In the case of the inte 
grated circuit device 10 of FIG. 1, the bond pads 14 are 
interconnected with contact pads 16 by electrical traces 18. 
Whereas the bond pads 14 are generally arranged about the 
periphery of the integrated circuit device 10, the contact 
pads 16 are aligned along a Single edge of the integrated 
circuit device 10. Thus, all the bond pads 14 may be 
accessed via the contact pads 16 along the Single edge of the 
integrated circuit device 10, and the integrated circuit device 
10 is suitable for vertical mounting on a printed circuit board 
(not shown). While the integrated circuit device 10 of FIG. 
1 illustrates contact pads 16 interconnected with bond pads 
14 by electrical traces 18, it will be appreciated by those of 
ordinary skill in the art that the contact pads 16 may be 
interconnected with the electrical circuitry in the integrated 
circuit device 10 by any of a variety of known techniques. 
One technique that may be utilized is that described above 
and illustrated in U.S. Pat. No. 5,593,927 to Farnworth et al., 
entitled “METHOD FOR PACKAGING SEMICONDUC 
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TOR DEVICE", which is hereby incorporated by reference 
in its entirety. For purposes of the present invention, the 
contact pads 16 may replace the bond pads 14, wherein the 
electrical circuitry on the substrate 12 will be connected 
directly to the contact pads 16 rather than through the bond 
pads 14 and the electrical traces 18. Alternatively, the bond 
pads 14 may be arranged along a single edge of the inte 
grated circuit device 10. For purposes of the present inven 
tion, it is simply preferred, although not required, that pads 
provided to interconnect the circuitry of the integrated 
circuit device 10 with the outside world be situated along a 
Single edge of the integrated circuit device 10, regardless of 
the means by which that positioning is accomplished. 
0023 FIG. 2 shows the integrated circuit device 10 
having the contact pads 16 Situated along a single edge of the 
die 10. As will be appreciated by those of ordinary skill in 
the art, the die 10 may be mounted on a lead frame 40 to 
facilitate connection of the contact pads 16 to the lead frame 
by wire leads 42. As is customary in the art, the die 10 is 
covered with a protective layer (not shown), and Vias are 
formed in the protective layer over the contact pads 16 to 
expose the contact pads 16. Thus, the wire leads 42 may be 
bonded to the contact pads 16 at one end and bonded to the 
lead frame 40 at their other end. Bonding between the 
contact pads 16 and the lead frame 40 is by conventional 
means and will be well understood by those of ordinary skill 
in the art. 

0024. After wire bonding the die 10 to the lead frame 40, 
the die 10 and lead frame 40 are encased in an encapsulating 
material 50 to form an encapsulated die 68. After encapsu 
lation, the die 68 is singulated from the lead frame 40 along 
a line 52. In this Singulation process, the wire leads 42 shear 
at the edge of the encapsulating material 50. In cutting the 
encapsulated die 68 from the lead frame 40, the distance 
between the edge of the integrated circuit device 10 and the 
edge of the encapsulated material 50, illustrated as distance 
54 in FIG. 2, may be made very small. For example, the 
distance 54 may be on the order of 5 mils. Moreover, 
typically the contact pads 16 will be approximately 2 mils 
from the edge of the device 10. Thus, the overall distance 
between the contact pads 16 and the edge of the encapsu 
lating material 50, after Singulation of the encapsulated die 
68 from the lead frame 40, may be on the order of 7 mils. 
This short wire lead length aids in reducing the inductance 
asSociated with the wire leads 42 and helps Speed operation 
of the integrated circuit device and its interaction with the 
printed circuit board on which it is mounted. The result of 
these wire bonding, encapsulation and Singulation Steps is a 
leadleSS package for the integrated circuit device 10. More 
over, the integrated circuit device 10 may be completely 
encased in the encapsulating material 50, leaving no Surface 
of Semiconductor exposed. Alternatively, the encapsulating 
material 50 may be made to cover only a top surface of the 
integrated circuit device 10, leaving a back Surface as an 
exposed Semiconductor material. AS will be seen below in an 
alternative embodiment of the inventive method, the bottom 
Surface as well as Side Surfaces of the Semiconductor mate 
rial may remain exposed. 
0025 FIG. 3 shows an elevation view, after singulation 
of the encapsulated die 68 from the lead frame 40, of the 
edge of the encapsulated die 68 along the edge of the 
encapsulating material 50 from which the ends of the wire 
leads 42 may be seen. The wire leads 42 will be typically 
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separated by a distance of from 2 or 3 mils to perhaps 20 
mils. As will be more fully explained below, no further 
processing or packaging of the die 68 is necessary before 
mounting the die 68 to a printed circuit board and complet 
ing its electrical connection to the printed circuit board. 
However, if desired, solder bumps may be formed on the 
exposed end of each of the wire leads 42 to facilitate the 
interconnection of the wire leads 42 with electrical traces on 
the printed circuit board. Forming Solder bumps on the ends 
of the wire leads 42 may be accomplished by those of 
ordinary skill in the art. The proceSS is well-known and 
generally involves dipping the edge of the encapsulated die 
68 in a liquid solder. When the encapsulated die 68 is 
removed from the liquid solder, the solder will form bumps 
on the exposed end of each of the leads 42 but will not 
adhere to the encapsulating material 50. Thus, the wire leads 
42 will not be electrically shorted together. 
0.026 FIG. 4 shows a multi-chip holder 60 comprising a 
base 62. The base 62 includes a plurality of die slots 64 
adapted to receive a corresponding plurality of encapsulated 
dice 68, packaged in accordance with the present invention. 
The die slots 64 extend completely through the base 62, and 
an encapsulated die 68 installed in a die slot 64 will have its 
lower edge exposed at the bottom of the slot 64. In mounting 
the multi-chip holder 60 to a printed circuit board 67, an 
axially conductive film 65 may be utilized. The film 65 
covers a bottom face of the base 62 and is Sandwiched 
between the base 62 and the printed circuit board 67 when 
the holder 60 is mounted to the printed circuit board 67. The 
axially conductive film 65 is known to those of ordinary skill 
in the art and is conductive only in a direction perpendicular 
to the plane of the film. An example of axially conductive 
film that is useful is Shin-Etsu Inter-Connector made by 
Shin-Etsu Polymer Co. in Tokyo, Japan. In effect, the axially 
conductive film 65 comprises densely packed conductors 
that will conduct only in a direction perpendicular to the 
plane of the film 65. When sandwiched between the holder 
60 and the printed circuit board 67, the axially conductive 
film 65 facilitates interconnection between the wire leads 42 
on the encapsulated die 68 in the die slot 64 with electrical 
circuit traces on the printed circuit board 67. 
0027 FIG. 5 shows a plan view of one die slot 64 in the 
base 62 of the multi-chip holder 60. The die slot 64 is 
bounded by a front wall 70 and a rear wall 72 and is adapted 
to receive the encapsulated die 68. Shelves 78 at either end 
of the rear wall 72 are adapted to engage the back of the 
encapsulated die 68, leaving a gap 76 between the back of 
the encapsulated die 68 and the rear wall 72. A gap 74 is also 
formed between the face of the encapsulated die 68 and the 
front wall 70 of the die slot 64. 

0028 FIG. 6 shows a cross-sectional view of the die slot 
64 in the base 62 of the multi-chip holder 60. The base 62 
rests on the printed circuit board 67 with the axially con 
ductive film 65 positioned between the base 62 and the 
printed circuit board 67. The encapsulated die 68 is posi 
tioned in the die slot 64 and rests on the axially conductive 
film 65. The encapsulated die 68 is oriented in the die slot 
64 such that the wire leads 42 abut the axially conductive 
film 65 to establish electrical conductivity between the wire 
leads 42 and electrical traces on the printed circuit board 67 
by means of the axially conductive film 65. 
0029 FIG. 7 illustrates the integrated circuit device 10 
encapsulated in the encapsulating material 50 with the wire 
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leads 42 extending from the pads 16 to the edge of the 
encapsulating material 50. The encapsulated die 68 rests in 
a die slot of the base 62 and abuts the axially conductive film 
65, which itself rests on the printed circuit board 67. As 
already mentioned, the axially conductive film 65 facilitates 
electrical connection between the wire leads 42 and electri 
cal traces on the printed circuit board 67. AS also mentioned 
previously, each of the wire leads 42 may have a Solder 
bump on its exposed end at the edge of the encapsulating 
material 50. 

0030 FIGS. 8 and 9 illustrate an alternative method 
utilizing the present invention. This alternative method 
involves wire bonding and encapsulating the individual dice 
before Singulation from a wafer and without the use of a lead 
frame. A semiconductor wafer 80 will typically include 
many integrated circuit devices 10 prior to dicing of the 
wafer 80. As illustrated in FIG. 8, pairs of dice 10 may be 
bonded together with wire leads 42 by bonding the wire 
leads 42 between the contact pads 16 of one die 10 to the 
contact pads 16 of the adjacent die 10. After each of the dice 
10 has wire leads 42 bonded to it, the entire wafer 80 may 
be covered with encapsulating material 50 using known 
techniques. For example, a spin-on process, a CVD or 
PECVD process, or other well-known technique may be 
employed to cover the wafer 80 with the encapsulating 
material 50. Moreover, the encapsulating material 50 may 
cover only the top surface of the wafer 80, or it may be 
formed on both the top and bottom surfaces of the wafer 80. 
The dice 10 may then be singulated. That is, the wafer 80 
may be separated into the individual dice 10 by cutting along 
the Streets 82 of the wafer 80. 

0031 FIG. 9 shows a cross-section of a portion of the 
wafer 80 illustrating two encapsulated dice 68 that have 
been separated by means of a cut in the street 82. FIG. 9 
illustrates that the wire leads 42 are sheared at the cut 
through the street 82 and their ends are exposed at a face 84 
of the cut. A beveled edge 86 may be formed on each of the 
encapsulated die 68 by first scoring the wafer 80 along the 
Streets 82 prior to final Singulation of the encapsulated dice 
68. As those skilled in the art will appreciate, use of this 
alternative method will yield an integrated circuit device 10 
having encapsulating material 50 possibly on only its top 
Surface 85, depending on the particular process used to 
deposit the encapsulating material, leaving the back Surface 
87 of the device 10 as an exposed semiconductor Surface. 
Alternatively, as mentioned above, both the top surface 85 
and the back surface 87 may be covered with encapsulating 
material 50. In each of those cases, the semiconductor 
material on which the integrated circuit device 10 is fabri 
cated will be exposed at the face 84 of the cut. Use of the 
method illustrated in FIGS. 8 and 9 eliminates the need for 
mounting individual dice in lead frames and bonding in the 
manner previously described. The method illustrated in 
FIGS. 8 and 9 also eliminates any need for the lead frames 
and eliminates waste of the lead frames after bonding, 
encapsulation and Singulation of the die 10 from the lead 
frame. However, one advantage of the earlier described 
embodiment, in which the individual dice 10 are mounted in 
the lead frames for bonding and encapsulation, is that typical 
wire bonding equipment is adapted to handle individual dice 
10 rather than entire wafers 80. Either method described 
herein, and alternative methods, are acceptable for purposes 
of the present invention. 
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0.032 The particular embodiments disclosed above are 
illustrative only, as the invention may be modified and 
practiced in different but equivalent manners apparent to 
those skilled in the art having the benefit of the teachings 
herein. Furthermore, no limitations are intended to the 
details of construction or design herein shown, other than as 
described in the claims below. It is therefore evident that the 
particular embodiments disclosed above may be altered or 
modified and all Such variations are considered within the 
Scope and Spirit of the invention. Accordingly, the protection 
Sought herein is as Set forth in the claims below. 
What is claimed: 

1. A method for packaging a Semiconductor device, 
comprising: 

connecting a plurality of wire leads to a corresponding 
plurality of electrical connection pads on the Semicon 
ductor device; 

covering at least a portion of the Semiconductor device 
and at least a portion of each of the wire leads with an 
encapsulating material; and 

removing a portion of the encapsulating material and a 
portion of each of the wire leads to form a packaged 
Semiconductor device wherein each of the wire leads 
has an exposed portion at a Surface of the encapsulating 
material. 

2. The method of claim 1, wherein connecting includes 
mounting a single Semiconductor device die in a lead frame 
and wire bonding between the electrical connection pads and 
the lead frame. 

3. The method of claim 2, wherein removing includes 
cutting the wire leads between the electrical connection pads 
and the lead frame. 

4. The method of claim 3, wherein covering includes 
depositing the encapsulating material on a top Surface of the 
Semiconductor device. 

5. The method of claim 3, wherein covering includes 
covering at least a portion of the lead frame with the 
encapsulating material. 

6. The method of claim 3, wherein covering includes 
encapsulating the Semiconductor device and at least a por 
tion of each of the wire leads. 

7. The method of claim 1, wherein connecting includes 
connecting a first end of a first wire lead to a first electrical 
connection pad on a first Semiconductor device and con 
necting a Second end of the first wire lead to a first electrical 
connection pad of a Second Semiconductor device. 

8. The method of claim 7, wherein the first and second 
Semiconductor devices are on a Single Semiconductor wafer. 

9. The method of claim 8, wherein covering includes 
covering a plurality of Semiconductor devices on the Single 
Semiconductor wafer. 
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10. The method of claim 9, wherein removing includes 
Singulating individual die from the Single Semiconductor 
wafer after the acts of connecting and covering. 

11. The method of claim 1, further comprising forming 
Solder bumps on the exposed portion of each of the wire 
leads. 

12. A packaged Semiconductor device, comprising: 
an integrated circuit device having a plurality of electrical 

connection pads; 
a plurality of wire leads coupled to the plurality of 

electrical connection pads, and 
a covering of encapsulating material covering at least a 

portion of the integrated circuit device and covering 
each of the wire leads, 

wherein each of the wire leads has an exposed end. 
13. The device of claim 12, further comprising a solder 

bump coupled to the exposed end of each of the wire leads. 
14. The device of claim 12, wherein the covering of 

encapsulating material extends over a top Surface of the 
integrated circuit device. 

15. The device of claim 14, wherein the covering of 
encapsulating material Substantially envelops the integrated 
circuit device. 

16. The device of claim 12, wherein the exposed end of 
each of the wire leads is substantially flush with a surface of 
the encapsulating material. 

17. A processed Semiconductor wafer, comprising: 
a Semiconductor wafer having first and Second integrated 

circuit devices formed on a first Surface of the wafer; 
a plurality of wire leads coupled between the first and 

Second integrated circuit devices, and 
a covering of encapsulating material Substantially cover 

ing at least the first and Second integrated circuit 
devices and the wire leads coupled between the first 
and Second integrated circuit devices. 

18. The wafer of claim 17, wherein the covering of 
encapsulating material is deposited on at least two Surfaces 
of the Semiconductor wafer. 

19. The wafer of claim 17, further comprising: 
at least four integrated circuit devices formed on the first 

Surface of the Semiconductor wafer; and 
additional pluralities of wire leads, each additional plu 

rality of wire leads being coupled between pairs of the 
integrated circuit devices. 

20. The wafer of claim 19, wherein the covering of 
encapsulating material Substantially coverS all pairs of the 
integrated circuit devices having wire leads coupled thereto. 

k k k k k 


