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MOLDED BALL GRD ARRAY 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates generally to micro 
electronic packaging and, more particularly, to a method and 
apparatus for encapsulating a ball grid array (BGA) in a 
molding compound. 
0003 2. Description of the Related Art 
0004. This section is intended to introduce the reader to 
various aspects of art which may be related to various 
aspects of the present invention which are described and/or 
claimed below. This discussion is believed to be helpful in 
providing the reader with background information to facili 
tate a better understanding of the various aspects of the 
present invention. Accordingly, it should be understood that 
these Statements are to be read in this light, and not as 
admissions of prior art. 
0005 The packaging of electrical circuits is a key ele 
ment in the technological development of any device con 
taining electrical components. Several technologies have 
been developed to provide a means of mounting these 
electrical components on a Surface of a Substrate, Such as a 
printed circuit board (PCB). Fine pitch surface mount (FPT), 
pin grid array (PGA), and ball grid array (BGA) are 
examples of leading Surface mount technologies. 
0006 BGA technology offers several advantages over 
FPT and PGA. Among the most often cited advantages of 
BGA are: reduced co-planarity problems, Since there are no 
leads, reduced placement problems, reduced paste printing 
problems, reduced handling damage; Smaller size; better 
electrical and thermal performance; better package yield; 
better board assembly yield; higher interconnect density; 
multi-layer interconnect options, higher number of IOS for 
a given footprint; easier extension to multi-chip modules, 
and faster design-to-production cycle time. 
0007 A BGA Semiconductor package generally includes 
a Semiconductor chip mounted on the top Surface of a 
Substrate. The Semiconductor chip may be electrically 
coupled to the substrate by bond wires. The substrate 
contains conductive routing which allows the Signals to pass 
from the Semiconductor chip on the top side of the Substrate, 
through the Substrate, and to pads on the backside of the 
Substrate. A plurality of Solder balls are deposited and 
electrically coupled to the pads on the backside of the 
Substrate to be used as input/output terminals for electrically 
connecting the Substrate to a PCB or other external device. 
0008 One problem with conventional BGA packaging is 
the need to protect the electrical interface between the chip 
and the Substrate. To protect the Semiconductor chip and 
bond wires from external elements Such as moisture, dust, or 
impact, the Semiconductor chip is often encapsulated in a 
molding compound. The implementation of the encapsula 
tion proceSS presents many challenges. 
0009. The present invention may address one or more of 
the problems set forth above. 

SUMMARY OF THE INVENTION 

0.010 Certain aspects commensurate in scope with the 
disclosed embodiments are set forth below. It should be 
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understood that these aspects are presented merely to pro 
vide the reader with a brief Summary of certain forms the 
invention might take and that these aspects are not intended 
to limit the Scope of the invention. Indeed, the invention may 
encompass a variety of aspects that may not be set forth 
below. 

0011. In one embodiment of the present invention, there 
is provided a molded ball grid array including a Substrate, a 
Semiconductor chip attached to the Substrate and a molding 
compound disposed on the Substrate. The molding com 
pound is deposited So as to form cups arranged to expose 
pads on the Surface of the Substrate. 

0012. In another embodiment of the present invention, 
there is provided a System having a processor and a memory 
circuit in communication with the processor. The memory 
circuit includes a Substrate, a memory chip attached to the 
Substrate and a molding compound disposed on the Sub 
Strate. The molding compound is deposited So as to form 
cups arranged to expose pads on the Surface of the Substrate. 

0013 In yet another embodiment of the present inven 
tion, there is provided a memory module. The memory 
module includes a Substrate, memory chips attached to the 
Substrate and a molding compound disposed on the Sub 
Strate. The molding compound is deposited So as to form 
cups arranged to expose pads on the Surface of the Substrate. 

0014. In still another embodiment of the present inven 
tion, there is provided a System for molding a die in a circuit 
package. The System includes a first Support plate and a 
Second Support plate. The Second Support plate is proxi 
mately positioned with respect to the first Support plate and 
has protrusions configured to form cups in the package to 
align with pads on the die. 

0015. In still another embodiment of the present inven 
tion, there is provided a method of molding a circuit package 
including the acts of disposing the circuit package on a first 
Support plate, the circuit package consisting of a Semicon 
ductor device coupled to a Substrate, disposing a Second 
Support plate on the circuit package Such that protrusions 
extending radially from the Second Support plate are brought 
in contact with pads on the Substrate; and injecting a 
molding compound onto the circuit package. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The foregoing and other advantages and features of 
the invention will become apparent upon reading the fol 
lowing detailed description and upon reference to the draw 
ings in which: 

0017 FIG. 1 illustrates a block diagram of an exemplary 
processor-based device in accordance with the present 
invention; 

0018 FIG. 2 illustrates an exemplary memory array; 

0019 FIG. 3 illustrates an exemplary encapsulated cir 
cuit package; 

0020 FIG. 4 illustrates a cross sectional view of a BOC 
package; 

0021 FIG. 5 illustrates an encapsulated circuit package 
in accordance with the present invention; 
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0022 FIG. 6 illustrates a cross-sectional view of an 
encapsulated circuit package in accordance with the present 
invention, taken along line 6–6; 
0023 FIG. 7A illustrates an enlarged view of the solder 
ball area illustrated in FIG. 6; 
0024 FIG. 7B illustrates an alternate embodiment of the 
Solder ball area illustrated in FIG. 6; and 
0025 FIG. 8 illustrates an exploded view of an exem 
plary mold and circuit package used to create an encapsu 
lated circuit package in accordance with the present inven 
tion. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

0026. One or more specific embodiments of the present 
invention will be described below. In an effort to provide a 
concise description of these embodiments, not all features of 
an actual implementation are described in the Specification. 
It should be appreciated that in the development of any Such 
actual implementation, as in any engineering or design 
project, numerous implementation-specific decisions must 
be made to achieve the developerS Specific goals, Such as 
compliance with System-related and busineSS-related con 
Straints, which may vary from one implementation to 
another. Moreover, it should be appreciated that Such a 
development effort might be complex and time consuming, 
but would nevertheless be a routine undertaking of design, 
fabrication, and manufacture for those of ordinary skill 
having the benefit of this disclosure. 
0.027 Turning now to the drawings, and referring initially 
to FIG. 1, a block diagram depicting an exemplary proces 
Sor-based device generally designated by the reference 
numeral 10 is illustrated. The device 10 may be any of a 
variety of different types, Such as a computer, pager, cellular 
telephone, personal organizer, control circuit, etc. In a 
typical processor-based device, a processor 12, Such as a 
microprocessor, controls many of the functions of the device 
10. 

0028. The device 10 typically includes a power supply 
14. For instance, if the device 10 is portable, the power 
Supply 14 would advantageously include permanent batter 
ies, replaceable batteries, and/or rechargeable batteries. The 
power Supply 14 may also include an AC adapter, So the 
device may be plugged into a wall outlet, for instance. In 
fact, the power Supply 14 may also include a DC adapter, So 
that the device can be plugged into a vehicle cigarette 
lighter, for instance. 
0029 Various other devices may be coupled to the pro 
cessor 12 depending upon the functions that the device 10 
performs. For instance, a user interface 16 may be coupled 
to the processor 12. The user interface 16 may include 
buttons, Switches, a keyboard, a light pen, a mouse, and/or 
a voice recognition System, for instance. A display 18 may 
also be coupled to the processor 12. The display 18 may 
include an LCD display, a CRT, LEDs, and/or an audio 
display, for example. Furthermore, an RF Subsystem/base 
band processor 20 may also be coupled to the processor 12. 
The RF subsystem/baseband processor 20 may include an 
antenna that is coupled to an RF receiver and to an RF 
transmitter (not shown). A communications port 22 may also 
be coupled to the processor 12. The communications port 

Sep. 5, 2002 

may be adapted to be coupled to a peripheral device 24, Such 
as a modem, a printer, or a computer, for instance, or to a 
network, Such as a local area network or the Internet, for 
instance. Volatile memory 26 and non-volatile memory 28 
may also be coupled to the processor 12. 

0030 FIG. 2 illustrates a multi-chip memory array 29. 
For the Sake of clarity, elements Similar to the elements 
previously described will be designated by like reference 
numerals. The memory array 29 may be illustrative of 
volatile memory 26 or non-volatile memory 28. In this 
arrangement, a memory controller 31 is coupled to a plu 
rality of memory devices 33. The memory controller 31 and 
the memory devices 33 are mounted in a planar fashion on 
the same Substrate 35, Such as a printed circuit board. 
Disadvantageously, this planar layout allows for only a 
limited number of memory devices 33 to be used depending 
on the Surface area of the Substrate 35. 

0031 FIG. 3 illustrates a partial cross-sectional view 
depicting an exemplary encapsulated circuit package 30. 
The circuit package 30 typically includes a Semiconductor 
chip 40, such as a memory die. The semiconductor chip 40 
is mounted on a substrate 50 and electrically coupled to the 
substrate 50 by bond wires 45. Bond wires 45 are attached 
to bond pads 46 on the first surface 42 of the semiconductor 
chip 40 and to bond pads 47 on the first surface 52 of the 
substrate 50. A molding compound 60 is generally used to 
encapsulate the Semiconductor chip 40. The molding com 
pound 60 protects the semiconductor chip 40 and the bond 
wires 45 from external elements. Terminals, Such as pins or 
solder balls 70, may be disposed on the backside of the 
substrate 50 so that the circuit package 30 may be electri 
cally coupled to a printed circuit board (PCB) to incorporate 
the circuit package 30 into a system. The substrate 50 also 
includes conductive routing and/or Vias (not shown) to 
provide an electrical Signal path from the Solder pads 47 to 
the Solder balls 70. 

0032. Alternately, a board-on-chip (BOC) circuit pack 
age may be encapsulated, with molding compound disposed 
on both Surfaces of the Substrate 51, as illustrated in FIG. 4. 
In this embodiment, the semiconductor chip 41 may be 
mounted with the first surface 42 of the semiconductor chip 
41 placed in contact with the first surface 52 of the substrate 
51. In this example, a slot 43 is formed in the substrate 51, 
and bond pads 46 on the first surface 42 of the semicon 
ductor chip 41 are aligned so as to allow bond wires 45 to 
be attached to bond pads 46 on the first surface 42 of the 
semiconductor chip 41, and further attached to bond pads 47 
on the second surface 54 of the substrate 51. During the 
encapsulation process, molding compound 60 may be dis 
posed on the Second Surface 44 of the Semiconductor chip 41 
which is not in contact with the substrate 51 and may be 
disposed on the first surface 52 of the Substrate 51. The 
molding compound 60 may be disposed through the slot 43 
in the substrate 51 and on a portion of the second surface 54 
of the Substrate 51. 

0033 FIG. 5 illustrates an encapsulated circuit package 
75 in accordance with the present invention. The molding 
compound 60 is used to encapsulate the entire circuit 
package 75, including the backside of the circuit package 75. 
The circuit package 75 is encapsulated with molding com 
pound 60 in Such a way as to provide openings in the 
molding compound 60 to allow the circuit package 75 to be 
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coupled to a printed circuit board. In one example, cups 80 
are formed in the molding compound 60. The cups 80 are 
configured to receive solder balls (not shown) which provide 
electrical coupling of the circuit package 75 to a printed 
circuit board. The cups 80 are configured to align with pads 
90 which are coupled to the second surface of the substrate 
50 contained within the molding compound 60. 

0034 FIG. 6 illustrates a cross-sectional view of an 
encapsulated BOC circuit package 75 in accordance with the 
present invention, taken along line 6-6. AS in FIG. 4, a 
Semiconductor chip 41 is typically coupled to the Substrate 
51 by an adhesive 100, such as a dielectric tape or noncon 
ductive paste. The first Surface 42 of the Semiconductor chip 
41 is coupled to the first surface 52 of the Substrate 51 by 
adhesive 100. The semiconductor chip 41 is electrically 
coupled to conductors of the substrate 51 by bond wires 45. 
The bond wires 45 are coupled to bond pads 46 located on 
the first surface 42 of the semiconductor chip 41 and further 
coupled to bond pads 47 on the second surface 54 of the 
Substrate 51. In this BOC embodiment, the Substrate 51 
includes a slot 110 through which the bond wires 45 are 
attached. The circuit package 75 is encapsulated with the 
molding compound 60 which is deposited on the Second 
surface 44 of the semiconductor chip 41, the first surface 52 
of the substrate 51, through the slot 110 and onto the second 
surface 54 of the substrate 51. Cup openings 80 are config 
ured to align with solder pads 90 on the second surface 54 
of the Substrate 51. The cups 80 advantageously have 
tapered walls 120 which facilitate alignment of the solder 
balls 70 with the solder pads 90. 
0035 FIG. 7A illustrates an enlarged view of the solder 
ball area illustrated in FIG. 6. The cup 80a in the molding 
compound 60 is configured Such that the base of the cup is 
smaller than the solder pad 90a. Thus, the solder mask used 
to dispense the solder balls 70 determine the solder ball 70 
location. The tapered walls 120 allow for proper alignment 
of the solder ball 70 over the solder pad 90a. Alternately, the 
cup 80a may be a hemisphere sized to hold a solder ball 70 
as illustrated in FIG. 7C. Further, the cup 80a may be 
cylindrical in shape as illustrated in FIG.7D. The solder pad 
90a is coupled to the second surface 54 of the substrate 51 
to provide electrical coupling of the solder balls 70 to the 
Substrate 51. 

0036 FIG. 7B illustrates an alternate embodiment of the 
solder ball area illustrated in FIG. 6. Here, the cup 80b 
contained within the molding compound 60 is configured 
such that the opening is larger than the solder pad 90b. While 
the tapered walls 120 in the cup 80b may direct the align 
ment of the solder ball 70 within the cup 80b, it is the 
location of the solder pad 90b which actually determines the 
exact placement of the solder ball 70, because the solder ball 
70 will be attracted to the wetted solder pad 90b during the 
re-flow process that couples the solder ball 70 to the Sub 
strate 51. Again, solder pad 90b is coupled to the second 
surface 54 of Substrate 51 to provide for electrical coupling 
between the Solder ball 70 and the Substrate 51. 

0037 FIG. 8 illustrates an exploded view of a mold 125, 
which may include an upper mold 130 and a lower mold 140 
used to create an encapsulated circuit package in accordance 
with the present invention. During the encapsulation pro 
ceSS, the circuit package 75 is placed between the upper 
mold 130 and the lower mold 140. A release liner 150 may 
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be used to provide Separation of the circuit package 75 from 
the upper mold 130 after the encapsulation process is 
complete. The upper mold 130 includes a plurality of 
protrusions 160 which are brought in contact with the solder 
pads (not shown) on the second surface 54 of Substrate 51. 
The protrusions 160 may be tapered to create the tapered 
walls of the cups 80, as shown in FIGS. 5-7B. During the 
molding process, the protrusions 160 of the upper mold 130 
are brought in contact with the solder pads 90 (separated by 
release liner 150, if used). The second surface 54 of the 
substrate 51 is brought in contact with the upper mold 130, 
while the first surface 52 of the substrate 50 is brought in 
contact with the lower mold 140. A molding compound is 
then injected into an opening (not shown) in the molds 130 
and 140. Once the molding compound hardens, the circuit 
package 75 is separated from the molds 130 and 140. The 
resulting circuit package 75 is encapsulated and includes the 
alignment cups used for Solder ball deposition as described 
above. 

0038 While the invention may be susceptible to various 
modifications and alternative forms, specific embodiments 
have been shown by way of example in the drawings and 
have been described in detail herein. However, it should be 
understood that the invention is not intended to be limited to 
the particular forms disclosed. Rather, the invention is to 
cover all modifications, equivalents, and alternatives falling 
within the spirit and scope of the invention as defined by the 
following appended claims. 
What is claimed is: 

1. A molded ball grid array comprising: 
a Substrate comprising a first Surface and a Second Surface, 

the Second Surface having a plurality of pads thereon; 
a Semiconductor chip coupled to the first Surface of the 

Substrate; and 
molding compound deposited on the first Surface and on 

the Second Surface of the Substrate, the molding com 
pound deposited on the Second Surface of the Substrate 
forming a plurality of cups arranged to expose at least 
a portion of each of the plurality of pads on the Second 
Surface of the Substrate. 

2. The molded ball grid array, as Set forth in claim 1, 
wherein the plurality of pads are comprised of a conductive 
material. 

3. The molded ball grid array, as set forth in claim 1, 
wherein the Semiconductor chip comprises a memory 
device. 

4. The molded ball grid array, as set forth in claim 1, 
wherein the Semiconductor chip is electrically coupled to the 
Substrate. 

5. The molded ball grid array, as set forth in claim 1, 
wherein the molding compound is disposed on at least a 
portion of the Semiconductor chip. 

6. The molded ball grid array, as set forth in claim 1, 
wherein the molding compound comprises a resin. 

7. The molded ball grid array, as set forth in claim 1, 
wherein the plurality of pads are fully exposed within the 
respective plurality of cups. 

8. The molded ball grid array, as set forth in claim 1, 
wherein each of the plurality of cups is configured to receive 
a solder ball. 

9. The molded ball grid array, as set forth in claim 1, 
wherein the plurality of cups are tapered in shape. 
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10. The molded ball grid array, as set forth in claim 1, 
wherein the plurality of cups are hemispherical in Shape. 

11. The molded ball grid array, as set forth in claim 1, 
wherein the plurality of cups are cylindrical in shape. 

12. A System comprising: 
a proceSSOr, and 

a memory circuit operatively coupled to the processor, the 
memory circuit comprising: 
a Substrate comprising a first Surface and a Second 

Surface, the Second Surface having a plurality of pads 
thereon; 

a Semiconductor chip coupled to the first Surface of the 
Substrate; and 

molding compound deposited on the first Surface and 
on the Second Surface of the Substrate, the molding 
compound deposited on the Second Side of the Sub 
Strate, forming a plurality of cups arranged to expose 
at least a portion of each of the plurality of pads on 
the Second Surface of the Substrate. 

13. The system, as set forth in claim 12, wherein the 
plurality of pads are comprised of a conductive material. 

14. The system, as set forth in claim 12, wherein the 
Semiconductor chip is a memory device. 

15. The system, as set forth in claim 12, wherein the 
Semiconductor chip is electrically coupled to the Substrate. 

16. The system, as set forth in claim 12, wherein the 
molding compound is disposed on at least a portion of the 
Semiconductor chip. 

17. The system, as set forth in claim 12, wherein the 
molding compound is a resin. 

18. The system, as set forth in claim 12, wherein the 
plurality of pads are fully exposed within the respective 
plurality of cups. 

19. The system, as set forth in claim 12, wherein each of 
the plurality of cups is configured to receive a Solder ball. 

20. The system, as set forth in claim 12, wherein the 
plurality of cups are tapered in shape. 
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21. The system, as set forth in claim 12, wherein the 
plurality of cups are hemispherical in Shape. 

22. The system, as set forth in claim 12, wherein the 
plurality of cups are cylindrical in shape. 

23. A memory module comprising: 
a Substrate comprising a first Surface and a Second Surface, 

the Second Surface having a plurality of pads thereon; 
a plurality of memory chips coupled to the first Surface of 

the Substrate; and 
molding compound deposited on the first Surface and on 

the Second Surface of the Substrate, the molding com 
pound deposited on the Second Side of the Substrate, 
forming a plurality of cups arranged to expose at least 
a portion of each of the plurality of pads on the Second 
Surface of the Substrate. 

24. A System for molding a Substrate in a circuit package 
comprising: 

a first Support plate; and 
a Second Support plate proximately positioned with 

respect to the first Support plate, the Second Support 
plate comprising protrusions configured to form cups in 
the package to align with pads on the Substrate. 

25. The system, as set forth in claim 24, wherein the 
protrusions are tapered. 

26. A method of molding a circuit package comprising the 
acts of: 

(a) disposing a first mold adjacent a circuit package 
comprising a Semiconductor device coupled to a Sub 
Strate, 

(b) disposing a second mold adjacent the circuit package 
Such that protrusions extending from the Second mold 
are brought in contact with pads on the Substrate; and 

(c) injecting a molding compound between the first and 
Second molds and over at least a portion of the circuit 
package. 


