
US 20060223229A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2006/0223229 A1 

Kirloskar et al. (43) Pub. Date: Oct. 5, 2006 

(54) BALL GRID ARRAY PACKAGE AND tion-in-part of application No. 10/323,657, filed on 
PROCESS FOR MANUFACTURING SAME Dec. 20, 2002, now Pat. No. 6,979,594, which is a 

continuation-in-part of application No. 10/197,832, 
(75) Inventors: Mohan Kirloskar, Cupertino, CA (US); filed on Jul. 19, 2002, now Pat. No. 6,800,948. 

Chun Ho Fan, Hong Kong (HK); Neil 
McLellan, Danville, CA (US) Publication Classification 

Correspondence Address: (51) Int. Cl. 
MAYER, BROWN, ROWE & MAW LLP HOIL 2L/00 (2006.01) 
1909 KSTREET, N.W. (52) U.S. Cl. .............................................................. 438/106 
WASHINGTON, DC 20006 (US) 

(57) ABSTRACT 
73) Assi : ASAT Ltd., T. HK (73) Assignee , Tsuen (HK) A ball grid array integrated circuit package is manufactured 
(21) Appl. No.: 11/377,425 by mounting a semiconductor die, to a first Surface of a 

Substrate Such that bumps on the semiconductor die are 
(22) Filed: Mar. 17, 2006 electrically connected to conductive traces of the substrate. 

At least one collapsible spacer is mounted to at least one of 
Related U.S. Application Data a heat spreader, the semiconductor die and the substrate. The 

heat spreader is fixed to the at least one of the first surface 
(60) Continuation of application No. 10/866,702, filed on of the substrate and the semiconductor die such that the at 

Jun. 15, 2004, now abandoned, which is a division of least one collapsible spacer is disposed therebetween. A ball 
application No. 10/647,696, filed on Aug. 25, 2003, grid array is formed on a second Surface of the Substrate, 
now Pat. No. 6,933,176, which is a continuation-in- bumps of the ball grid array being electrically connected to 
part of application No. 10/643,961, filed on Aug. 20. the conductive traces and the integrated circuit package is 
2003, now Pat. No. 6,987,032, which is a continua- singulated. 

122 

EEEEEEETEEEEEDEEE   



Patent Application Publication Oct. 5, 2006 Sheet 1 of 16 US 2006/0223229 A1 

FIG 1 

FIG 2 

PRIOR ART 

  

  



Patent Application Publication Oct. 5, 2006 Sheet 2 of 16 US 2006/0223229 A1 

FIG 3A 
122 

EASTEEESTEEEAE 

140 FIG 3B 

OO O. O. O. 
EEEE 

COO O. O. O. OOOOO 
EEE EETEEE 

140 FIG 3C 

FIG 3E 

136 

  



Patent Application Publication Oct. 5, 2006 Sheet 3 of 16 US 2006/0223229 A1 

FIG 3F 

24 
124 

40 

Orthod) Oroooo..O Oooo...O 
EEEEEEEEEEEEEEEEEE 

22 

FIG 3G 

22 24 

UPPERMOLD 

RitzREB Elyril Opo (GO Ooooo..O (Door C 
En rv / E 

LOWERMOLD 

FIG 3H 
122 124 

Yiers) that Yility; OEX2 SEO Q2EEO 
136 

LOWERMOLD 

  

      

  

      

    

  

  

    

  

  

  

    

  

  

    

  



Patent Application Publication Oct. 5, 2006 Sheet 4 of 16 US 2006/0223229 A1 

FIG 3I 

32 36 

- DE 4 N ECE S for 5 trial ro EEEEEEEEEEEEEEEEE OOO O TO O. O. O. O. O. O. O. O. C 

122 
40 Y124 30 

FIG 3J 

186 132 20 
A1 

- ) 
136 7 )oo - /OOOOON O 
EEEEEEEE 

  

    

  

  

  

  



Patent Application Publication Oct. 5, 2006 Sheet 5 of 16 US 2006/0223229 A1 

FIG 4 

UPPERMOLD DIE 

UPPERMOLD UPPERMOLD 

\ | r 
BOTTOMMOLD BOTTOM MOLD 

| S (S as Egg (S 6. 
Q- S2 N-2 S3 & 1 

BOTTOM MOLD DIE 

MOLD CAVITY .. PLUNGER 

  



Patent Application Publication Oct. 5, 2006 Sheet 6 of 16 US 2006/0223229 A1 

FIG 5A a 
122 

ESTEFEEE TEEEEETE 

140 FIG 5B 
124. 

-R 
CDO O O O OO OOO OOOOO 

EE DEEEAEDEEEEEDEEE 

140 FIG5C 

/OO OO OV AO) () (OOON /OO O O O\ 
ETEEE EEEEEEEEEEE 

FIG 5D 

132 

FIG 5E 

136 

    

  

  



Patent Application Publication Oct. 5, 2006 Sheet 7 of 16 US 2006/0223229 A1 

FIG 5F 

136 132 

a 5 / 5 to O. 

FIG 5G 

122 124 

UPPER MOLD 

EEEEEEEEEEEEEE 7-yo CZN 7-RoyZ-2 roo/7 - 't 

OPAO OefeO QeC 
136: 

LOWERMOLD 

FIG 5H 

UPPERMOLD 

EEEEEEEEEEEEEEEEEEEE ther esseeing 5 N A I 
128 136 

LOWER MOLD 

  

  

    

    

  

  

    

    

    

  

  



Patent Application Publication Oct. 5, 2006 Sheet 8 of 16 US 2006/0223229 A1 

FIG 5I 

32 36 

36 120 

F - 

Ooooo...O 
DOC 

36 
EEAEE, IEEE 

  

  

  

  

  

  

  

  

  

  

  

  



Patent Application Publication Oct. 5, 2006 Sheet 9 of 16 US 2006/0223229 A1 

FIG 6A 

140 FIG 6B 

— 
(DO O. O. O. OO OO O OO OOO 
EEE EEEEEEEE FEEE 

140 FIG 6C 

. . . ) - 
/O () (OO OV /O O O O OV AOO OOOM 
SEEEEEEEEEEEEEE 

FIG 6D 

132 

FIG 6E 

136 

  

    

  

  



Patent Application Publication Oct. 5, 2006 Sheet 10 of 16 US 2006/0223229 A1 

FIG 6F 

124 138 
40 

Crick, Critic. Occitat. EEEEEEEEEEEEEEE 

122 

132 FIG 6G 

O El EU El 
OooooC Ooooo..O Oooooo...O WOOD COON (OO O O OV /OOODOOM 
EEEEEEEEEEE TEEE INSAEE 

LOWERMOLD 

FIG 6H 
132 

- 

C. EHEAEAEE EEEEEEEEEE 
124 122 136 

LOWERMOLD 

    

      

    

  

  

    

      

  

  

  



Patent Application Publication Oct. 5, 2006 Sheet 11 of 16 US 2006/0223229 A1 

FIG 6 
32 

DogdocCCDoooocC.R.S. FootogCD. 
EEEEEE FEEE ARE 

- N - N= 
C 2nd SR 36 

SESSEEEEE 

  

    

  

  

    

  



Patent Application Publication Oct. 5, 2006 Sheet 12 of 16 US 2006/0223229 A1 

FIG 7A 
122 

EECSEEEETEEE EE TER 

140 FIG 7B 
124 

-F 
OOOOO 

EEEEEPE 
- F - 

CDO OOO OO OOC 
EEDSEEEETE 

140 FIG 7C 

FIG 7D 

132 

    

  

  

  

  

  



Patent Application Publication Oct. 5, 2006 Sheet 13 of 16 US 2006/0223229 A1 

FIG 7F 

124 
138 

140 126 136 

Odoor C) Ordoo O Oooo...O 
EEEEEEEEE TEEEEEEEEE 

122 

FIG 7G 

136 132 132 140 

FFFFF 

OoooC) Oceae.C. Oooo...O EEESSEEastEfir E 

124 122 

FIG 7H 

132 136 132 132 140 

A L. 

Otoe otC). Ozoo of Q. Opool. O 
HEEEEE 

      

    

  

      

  

  

      

  

  

  



Patent Application Publication Oct. 5, 2006 Sheet 14 of 16 US 2006/0223229 A1 

FIG 7I 

136 O?borod O 
EHSEE 

  

  

  



Patent Application Publication Oct. 5, 2006 Sheet 15 of 16 US 2006/0223229 A1 

FIG 8A 
122 

EEEDEEEEDEEEETSERE 

140 FIG 8B 
124 

H - H 
COOOOO . OO O O O OOOOO 

EETEEEEEEEEEEEEEE 

140 FIG 8C 

H - - 
/ OCT) OOOM (OO O O OV /OOOOON 

EEASDE SEEASEAEEE TEEE 

FIG 8D 

132 

FIG 8E 

    

  

  



Patent Application Publication Oct. 5, 2006 Sheet 16 of 16 US 2006/0223229 A1 

FIG 8F 

32 136 32. 132 140 

Ogotiatic Ococoa Osipod). 
assis EEEEEEEEE 

124 
122 

FIG 8G 

Oooo...O OttoodO EEEEEEEEE 
OooooC) /O OOOON 
Es 

136 

EEEEEEEE 

  

  

  

      

  

    

    

    

  

  

  



US 2006/0223229 A1 

BALL GRD ARRAY PACKAGE AND PROCESS 
FOR MANUFACTURING SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Continuation of U.S. applica 
tion Ser. No. 10/866,702, filed Jun. 15, 2004, which is a 
Division of U.S. application Ser. No. 10/647,696 (now U.S. 
Pat. No. 6,933,176), filed Aug. 25, 2003, which is a Con 
tinuation-In-Part of U.S. application Ser. No. 10/643,961 
(now U.S. Pat. No. 6,987,032), filed Aug. 20, 2003, which 
is a Continuation-In-Part of U.S. application Ser. No. 
10/323,657 (now U.S. Pat. No. 6,979,594), filed Dec. 20, 
2002, which is a Continuation-In-Part of U.S. application 
Ser. No. 10/197,832 (now U.S. Pat. No. 6,800,948), filed Jul. 
19, 2002. These applications, in their entirety, are incorpo 
rated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates in general to inte 
grated circuit packaging, and in particular to an improved 
ball grid array package with enhanced thermal characteris 
tics and a unique method of manufacturing the ball grid 
array package. 

BACKGROUND OF THE INVENTION 

0003 High performance integrated circuit (IC) packages 
are well known in the art. Improvements in IC packages are 
driven by industry demands for increased thermal and 
electrical performance and decreased size and cost of manu 
facture. 

0004. In general, array packaging such as Plastic Ball 
Grid Array (PBGA) packages provide a high density of 
interconnects relative to the Surface area of the package. 
However, typical PBGA packages include a convoluted 
signal path, giving rise to high impedance and an inefficient 
thermal path which results in low thermal dissipation per 
formance. With increasing package density, the spreading of 
heat generated by the package is increasingly important. 

0005 Reference is made to FIG. 1, which shows an 
elevation view of a conventional PBGA package indicated 
generally by the numeral 20. The PBGA package 20 
includes a Substrate 22 and a semiconductor die 24 attached 
to the substrate 22 by a die adhesive. Gold wire bonds 26 
electrically connect the die 24 to metal traces on the sub 
strate 22. The wire bonds and die 24 are encapsulated in a 
molding compound 28. Solder balls 30 are disposed on the 
bottom surface of the substrate 22 for signal transfer. 
Because of the absence of a thermal path away from the 
semiconductor die 24, thermal dissipation in this package is 
poor. 

0006 Variations to conventional BGA packages have 
been proposed for the purpose of increasing thermal and 
electrical performance. One particular variation includes the 
addition of a metal heat spreader to the package, as shown 
in FIG. 2 which shows an elevation view of a PBGA 
package 20 of the prior art including the heat spreader, 
indicated by the numeral 32. In general, the metal heat 
spreader is fixed to the molded package. This package 
Suffers disadvantages, however, as heat must be dissipated 
form the semiconductor die 24, through the molding com 
pound 28 and then through the heat spreader 32. 
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0007. It is therefore an object of an aspect of the present 
invention to provide a process for manufacturing a BGA 
package with a heat spreader that obviates or mitigates at 
least some of the disadvantages of the prior art. 

SUMMARY OF THE INVENTION 

0008. In one aspect, a ball grid array integrated circuit 
package is manufactured by mounting a semiconductor die, 
to a first surface of a substrate such that bumps on the 
semiconductor die are electrically connected to conductive 
traces of the Substrate. At least one collapsible spacer is 
mounted to at least one of a heat spreader, the semiconductor 
die and the substrate. The heat spreader is fixed to the at least 
one of the first surface of the substrate and the semiconduc 
tor die Such that the at least one collapsible spacer is 
disposed therebetween. A ball grid array is formed on a 
second surface of the substrate, bumps of the ball grid array 
being electrically connected to the conductive traces and the 
integrated circuit package is singulated. 

0009. In another aspect, a ball grid array integrated circuit 
package is manufactured by mounting a semiconductor die, 
to a first surface of a substrate such that bumps on the 
semiconductor die are electrically connected to conductive 
traces of the Substrate. At least one collapsible spacer is 
mounted to at least one of a heat spreader, the semiconductor 
die and the substrate. One of the heat spreader and the 
substrate is placed in a mold cavity and; the other of the heat 
spreader and the substrate is releasably clamped to a die of 
the mold cavity, such that the collapsible spacer is disposed 
between the heat spreader and the substrate. A molding 
compound is molded in the mold, thereby molding the 
semiconductor die, the Substrate, the at least one collapsible 
spacer and the heat spreader into the molding compound to 
provide a molded package. A ball grid array is formed on a 
second surface of the substrate, bumps of the ball grid array 
being electrically connected to the conductive traces and the 
integrated circuit package is singulated. 

0010. In another aspect, there is provided a process for 
manufacturing a plurality of integrated circuit packages. The 
process includes mounting a plurality of semiconductor dice 
to a first Surface of a substrate array Such that bumps on the 
semiconductor dice are electrically connected to conductive 
traces of the Substrate. A collapsible spacer array is mounted 
to one of a heat spreader array and the Substrate array. One 
of the heat spreader array and the Substrate array is placed 
in a mold cavity and the other of the heat spreader array and 
the substrate array is clamped to a first die of the mold such 
that the collapsible spacer array is disposed between the heat 
spreader array and the Substrate array. A molding compound 
is molded in the mold, thereby molding the semiconductor 
dice, the Substrate array, the collapsible spacer array and the 
heat spreader array into the molding compound to provide 
an array of molded packages. A plurality of ball grid arrays 
are formed on a second Surface of the Substrate array, bumps 
of the ball grid arrays being electrically connected to the 
conductive traces, and each integrated circuit package is 
singulated from the array of molded packages. 
0011. In yet another aspect, there is provided an inte 
grated circuit package. The integrated circuit package 
includes a Substrate having a plurality of conductive traces 
and a semiconductor die flip-chip mounted to a first Surface 
of the substrate such that bumps of the semiconductor die are 
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electrically connected to the ones of the plurality of con 
ductive traces. A heat spreader is disposed proximal to and 
spaced from the semiconductor die by at least one collaps 
ible spacer. A molding compound encapsulates the semicon 
ductor die and the collapsible spacer between the substrate 
and the heat spreader. A ball grid array is disposed on a 
second surface of the substrate, bumps of the ball grid array 
being electrically connected to the conductive traces. 
0012 Advantageously, a heat spreader is incorporated 
into the BGA package during manufacture. The heat 
spreader is prepared and placed in the mold and is incorpo 
rated into the package by molding. An array of heat spread 
ers is placed in the mold and molded with a substrate array 
Such that a plurality of packages including heat spreaders are 
manufactured in a single mold shot. 
0013 Athermal path is provided from the semiconductor 
die, through the collapsible spacer and to the heat spreader. 
Also, the heat spreader is effectively pressed against the 
lower mold die Surface during molding, thereby inhibiting 
mold flash on the outer side of the heat spreader. The 
incorporation of a deformable material (collapsible spacer) 
that is stable at molding temperature, provides a compliant 
layer between the substrate and the heat spreader and the 
between the semiconductor die and the heat spreader. Thus, 
the heat spreader is pressed against the lower mold die, 
maintaining the heat spreader in contact with the lower mold 
die during molding and reducing mold flash. 
0014. In another aspect, the semiconductor die is bonded 
to the semiconductor die is attached to the substrate such that 
pads of the semiconductor die are electrically connected to 
the conductive traces of the substrate. Thus, wire bonds 
between the semiconductor die and the substrate are not 
required in the present embodiment. Advantageously, this 
arrangement obviates problems associated with electrical 
impedence in wire bonds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 The invention will be better understood with ref 
erence to the following description and to the drawings, in 
which: 

0016 FIG. 1 shows an elevation view of a conventional 
plastic ball grid array package; 

0017 FIG. 2 shows an elevation view of a prior art 
plastic ball grid array package including a heat spreader, 
0018 FIGS. 3A to 3.J show processing steps for manu 
facturing a ball grid array package, in accordance with one 
embodiment of the present invention: 
0.019 FIG. 4 shows a mold including molding dies and 
a mold cavity for molding the ball grid array package 
according to an embodiment of the present invention; 
0020 FIGS. 5A to 5J show processing steps for manu 
facturing a ball grid array package, in accordance with 
another embodiment of the present invention; 
0021 FIGS. 6A to 6J show processing steps for manu 
facturing a ball grid array package, in accordance with yet 
another embodiment of the present invention; 
0022 FIGS. 7A to 7I show processing steps for manu 
facturing a ball grid array package, in accordance with 
another embodiment of the present invention; and 
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0023 FIGS. 8A to 8H show processing steps for manu 
facturing a ball grid array package, in accordance with still 
another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0024) Reference is not made to FIGS. 3A to 3J to 
describe a process for manufacturing a ball grid array 
integrated circuit package, referred to herein as a ball grid 
array package, according to an embodiment of the present 
invention. To simplify the description, the numerals used 
previously in describing FIG. 1 will be used again after 
raising the numerals by 100 where parts to be described 
correspond to parts already described. 
0025 Referring to FIG.3J, the ball grid array package is 
indicated generally by the numeral 120. The ball grid array 
package 120 includes a Substrate 122 having a plurality of 
conductive traces and a semiconductor die 124 flip-chip 
mounted to a first surface of the substrate 122 such that 
bumps 140 of the semiconductor die 124 are electrically 
connected to the ones of the plurality of conductive traces. 
Aheat spreader 132 is disposed proximal to and spaced from 
the semiconductor die 124 by at least one collapsible spacer 
136. A ball grid array 130 is disposed on a second surface of 
the substrate 122, bumps of the ball grid array 130 being 
electrically connected to the conductive traces. 
0026. The process for manufacturing the ball grid array 
package 120, according to one embodiment of the present 
invention, will now be described in more detail. Referring to 
FIG. 3A, the substrate 122 of a BT resin/glass epoxy printed 
circuit board with conductive traces for signal transfer is 
shown. A solder mask is disposed on the lower surface of the 
Substrate, with portions of the conductive traces (intercon 
nects) exposed. The substrate 122 is in the form of an array 
strip for producing a number of BGA units. Three such units 
are depicted in an array in FIG. 3A. 
0027. The singulated semiconductor die 124 including 
solder bumps 140 on conductive pads of the semiconductor 
die 124, is flip-chip mounted to an upper surface of the 
substrate 122 by solder reflow technique. (FIG. 3B). As will 
be appreciated, the semiconductor die 124 is flip-chip 
mounted such that the solder bumps 140 are mounted to ones 
of the conductive traces of the substrate 122, thereby elec 
trically connecting the conductive pads of the semiconductor 
die 124 to the conductive traces of the substrate 122. 

0028 Next, the gap between the semiconductor die 124 
and the top surface of the substrate 122 is underfilled with 
epoxy (FIG. 3C). 
0029. The heat spreader 132 is manufactured in the form 
of an array frame that is compatible with the substrate array 
122 (FIG. 3D). In the present embodiment the heat spreader 
is a copper strip that is etched to form the array frame. The 
array frame includes a number of heat spreaders 132 joined 
together by partially-etched tie-bars. Three such heat spread 
ers are depicted in FIG. 3D. 
0030) A plurality of collapsible spacers 136 are manu 
factured in the form of an array that is compatible with the 
substrate array 122 and the heat spreader 132 (FIG.3E). The 
collapsible spacers 136 are comprised of a solder preform of 
a plurality of Substantially spherical balls connected together 
by tie bars. The collapsible spacers 136 are mounted to the 
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Substrate 122 using epoxy. It will be appreciated that some 
of the collapsible spacers 136 are mounted directly on the 
substrate 122 and other collapsible spacers 136 are mounted 
to corresponding semiconductor dice 124 (FIG. 3F). 
0031. The heat spreader 132, in the array format, is 
placed in the bottom of a mold die cavity, on the lower 
surface of the mold. Features of the mold cavity and the 
frame are designed such that the heat spreader 132 aligns 
with the substrate 122 in the die cavity. The substrate array 
strip 122 is clamped to a Surface of an upper mold die, in the 
mold cavity such that the semiconductor die 124 and the 
collapsible spacers 136 protrude from the substrate 22 into 
the mold cavity. The collapsible spacers 136, in the array 
format, are thus disposed between the heat spreader 132 and 
the substrate 122 (FIG. 3G). A suitable mold including the 
molding dies and mold cavity is shown in FIG. 4. 
0032 Molding using a molding compound 128 in the 
mold die cavity follows. During molding, the collapsible 
spacers 136 are compressed between the substrate 122 and 
the heat spreader 132 and between the semiconductor die 
124 and the heat spreader 132, causing deformation of the 
collapsible spacers 136 (FIG.3H). The heat spreader 132 is 
thereby pressed against the lower surface of the mold in the 
mold die cavity. The molding compound 128 encapsulates 
the semiconductor die 124, and the collapsible spacers 136 
between the heat spreader 132 and the substrate 122, and 
joins the heat spreader 132 to the remainder of the package 
120. 

0033. After removing the package 120 from the mold, the 
solder balls 130, also referred to as solder bumps, in the form 
of a ball grid array, are formed on the lower surface of the 
substrate 122 by conventional positioning (FIG. 3). To 
attach the solder balls 130, a flux is added to the balls prior 
to placement and, after placement the solder balls 130 are 
reflowed using known reflow techniques. The solder balls 
130 are thereby connected to the conductive traces of the 
substrate 122 and through the solder bumps 140 of the 
semiconductor die 124 to the semiconductor die 124. The 
solder balls 130 provide signal and power connections as 
well as ground connections for the semiconductor die 124. 
0034 Singulation of the individual BGA unit from the 
array strip is then performed either by saw signulation or die 
punching, resulting in the configuration shown in FIG. 3J. 
Thus, the individual BGA package is isolated from the strip. 
0035) Reference is now made to FIGS. 5A to 5J to 
describe a process for manufacturing the ball grid array 
package 120, in accordance with another embodiment of the 
present invention. FIGS. 5A to 5E are similar to FIGS. 3A 
to 3E and therefore need not be further described herein. In 
FIG.5F, however, the collapsible spacers 136 are mounted 
to the heat spreader 132, rather than the substrate 122. The 
heat spreader 132, in the array format, is then placed in the 
bottom of the die cavity, on the lower surface of the mold 
such that the collapsible spacers 136 protrude into the mold 
cavity. Features of the mold cavity and the frame are 
designed such that the heat spreader 132 aligns with the 
substrate 122 in the die cavity. The substrate array strip 122 
is clamped to a Surface of an upper mold die, in the mold 
cavity such that the semiconductor die 124 protrudes from 
the substrate 122 into the mold cavity. The collapsible 
spacers 136, in the array format, are thus disposed between 
the heat spreader 132 and the substrate 122 and between the 
heat spreader 132 and the semiconductor die 124 (FIG.5G). 
FIGS. SH to SJ are similar to FIGS. 3 to 3.J and therefore 
need not be further described herein. 
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0036) Referring now to FIGS. 6A to 6J to describe a 
process for manufacturing the ball grid array package 120, 
in accordance with yet another embodiment of the present 
invention, FIGS. 6A to 6F are similar to FIGS. 3A to 3F and 
therefore need not be further described herein. In FIG. 6G, 
however, the substrate 122 is placed in the bottom of the 
mold die cavity, on the lower surface of the mold. Features 
of the mold cavity and the frame are designed such that the 
substrate 122 aligns with the heat spreader 132. The semi 
conductor die 124 and the collapsible spacers 136 protrude 
from the substrate 122. The heat spreader 132 is clamped to 
the surface of the upper mold die in the mold cavity. The 
collapsible spacers 136, in the array format, are thus dis 
posed between the heat spreader 132 and the substrate 122. 
0037 Molding using a molding compound 128 in the 
mold die cavity follows. During molding, the collapsible 
spacers 136 are compressed between the substrate 122 and 
the heat spreader 132 and between the semiconductor die 
124 and the heat spreader 132, causing deformation of the 
collapsible spacers 136 (FIG. 6H). The substrate 122 is 
thereby pressed against the lower surface of the mold in the 
mold die cavity. The molding compound 128 encapsulates 
the semiconductor die 124, and the collapsible spacers 136 
between the heat spreader 132 and the substrate 122, and 
joins the heat spreader 132 to the remainder of the package 
120. 

0038 FIGS. 6 and 6J are similar to FIGS. 3 and 3J 
and therefore need not be further described herein. 

0039) Reference is now made to FIGS. 7A to 7H to 
describe a process for manufacturing a ball grid array 
package 120 in accordance with still another embodiment. 
FIGS. 7A to 7C are similar to FIGS. 3A to 3C and therefore 
need not be further described herein. In FIG. 7D, however, 
individual heat spreaders 132 are manufactured. In the 
present embodiment, each heat spreader 132 is copper. 
0040 FIGS. 7E and 7F are similar to FIGS. 3E and 3F 
and therefore need not be further described herein. 

0041. In FIG. 7G, each heat spreader 132 is individually 
placed on collapsible spacers 136 on a respective substrate 
122 and semiconductor die 124, followed by reflow of the 
solder preform collapsible spacers 136. Thus, each heat 
spreader 136 is fixed to both the substrate 122 and the 
respective semiconductor die 124. In an alternative embodi 
ment, the collapsible spacers 136 are made of a thermoplas 
tic material with low modulus, such as polycarbonate. In this 
embodiment, each heat spreader 132 is individually placed 
on a collapsible spacer 136 on a respective substrate 122 and 
a semiconductor die 124, followed by thermally setting the 
collapsible spacers 136. In each case, each heat spreader 132 
is fixed to both the substrate 122 and the semiconductor die 
124 by the collapsible spacers 136. 
0042. After fixing the heat spreader 132 to the substrate 
122 and the semiconductor die 124, the solder balls 130, in 
the form of a ball grid array, are formed on the lower surface 
of the substrate 122 by conventional positioning (FIG. 7G). 
To attach the solder balls 130, a flux is added to the balls 
prior to placement and, after placement the solder balls 130 
are reflowed using known reflow techniques. The solder 
balls 130 are thereby connected to the conductive traces of 
the substrate 122 and through the solder bumps 140 of the 
semiconductor die 124 to the semiconductor die 124. The 
solder balls 130 provide signal and power connections as 
well as ground connections for the semiconductor die 124. 
0043. Singulation of the individual BGA unit from the 
array strip is then performed either by saw singulation or die 
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punching, resulting in the configuration shown in FIG. 7H. 
Thus, the individual BGA package is isolated from the strip. 
0044) Reference is now made to FIGS. 8A to 8H to 
describe a process for manufacturing a ball grid array 
package 120 in accordance with still another embodiment. 
FIGS. 8A to 8C are similar to FIGS. 5A to SF and therefore 
need not be further described herein. In FIG. 8D, however, 
individual heat spreaders 132 are manufactured. 
0045 Next, collapsible spacers 136 are mounted to the 
individual heat spreaders 132 as shown in FIG. 8E, using, 
for example, epoxy. Each heat spreader 132, including the 
collapsible spacers 136, is placed on and mounted to the 
Substrate 122 and a respective semiconductor die 124, as 
shown in FIG. 8F. Reflow of the solder preform collapsible 
spacers 136 follows. Thus, each heat spreader 132 is fixed to 
both the substrate 122 and the respective semiconductor die 
124. In an alternative embodiment, the collapsible spacers 
are made of a thermoplastic material with low modulus. Such 
as polycarbonate. In this embodiment, the heat spreader 132 
is placed on the substrate 122, followed by thermally setting 
the collapsible spacer 136. In each case, the heat spreader 
132 is fixed to both the substrate 122 and the semiconductor 
die 124 by the collapsible spacers. 
0046. After fixing the heat spreaders 132 to the substrate 
122 and the semiconductor dice 124, the solder balls 130, in 
the form of a ball grid array, are formed on the lower surface 
of the substrate 122 by conventional positioning (FIG. 8G). 
To attach the solder balls 130, a flux is added to the balls 
prior to placement and, after placement the solder balls 130 
are reflowed using known reflow techniques. The solder 
balls 130 are thereby connected to the conductive traces of 
the substrate 122 and through the solder bumps 140 of the 
semiconductor die 124 to the semiconductor die 124. The 
solder balls 130 provide signal and power connections as 
well as ground connections for the semiconductor die 124. 
0047 Singulation of the individual BGA unit from the 
array strip is then performed either by saw singulation or die 
punching, resulting in the configuration shown in FIG. 8H. 
Thus, the individual BGA package is isolated from the strip. 
0.048 Alternative embodiments and variations are pos 
sible. In one alternative embodiment, the collapsible spacers 
136 are individually placed on the substrate 122 or on the 
heat spreader 132, rather than being manufactured in the 
form of an array. The collapsible spacers 136 are placed in 
the appropriate position with pre-dispensed flux using pick 
and place technology, followed by solder reflow. In still 
another alternative embodiment, epoxy is pre-applied to the 
substrate 122 or on the heat spreader 132, the collapsible 
spacers 136 are placed using pick and place technology and 
the epoxy is cured. 
0049. For example, rather than placing the heat spreader 
in the bottom of the mold cavity and clamping the substrate 
to the top mold die, the substrate can be placed in the bottom 
of the mold cavity and the heat spreader clamped to the top 
of the mold die. Rather than etching a copper strip to prepare 
the array frame of heat spreaders 132, the frame can be 
manufactured by metal stamping. Also, the heat spreader is 
not limited to copper as other Suitable heat spreader mate 
rials are possible and will occur to those skilled in the art. In 
the above-described embodiments, the collapsible spacers 
are mounted to the Substrate or the heat spreader using 
epoxy, however other means for mounting the collapsible 
spacers are possible. For example, the collapsible spacers 
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can be mounted using Solder reflow technique. Also, the 
collapsible spacers are not limited to solder preform as other 
Suitable materials can be employed, including for example, 
low modulus conductive polymer Such as silicone or a 
thermoplastic materials with low modulus such as polycar 
bonate. Still other embodiments and variations may occur to 
those of skill in the art. All such embodiments and variations 
are believed to be within the scope and sphere of the present 
invention. 

1.-30. (canceled) 
31. An integrated circuit package comprising: 
a Substrate having a plurality of conductive traces: 
a semiconductor die flip-chip mounted to a first Surface of 

said Substrate, bumps of said semiconductor die being 
electrically connected to said ones of said plurality of 
conductive traces: 

a heat spreader fixed to both said semiconductor die and 
said Substrate by a plurality of collapsible spacers, one 
of said collapsible spacers disposed between and in 
contact with said heat spreader and said semiconductor 
die and further ones of said collapsible spacers dis 
posed between and in contact with said heat spreader 
and said Substrate; and 

a ball grid array on a second Surface of said Substrate, 
bumps of said ball grid array being electrically con 
nected to said conductive traces; and 

a molding compound encapsulating the Semiconductor 
die and said collapsible spacers between the substrate 
and the heat spreader. 

32. The integrated circuit package according to claim 31, 
further comprising an underfill material disposed between 
said semiconductor die and said Substrate. 

33. An integrated circuit package comprising: 
a Substrate having a plurality of conductive traces: 
a semiconductor die flip-chip mounted to a first Surface of 

said Substrate, bumps of said semiconductor die being 
electrically connected to said ones of said plurality of 
conductive traces: 

a heat spreader fixed to both said semiconductor die and 
said Substrate by a plurality of collapsible spacers, one 
of said collapsible spacers disposed between and in 
contact with said heat spreader and said semiconductor 
die and further ones of said collapsible spacers dis 
posed between and in contact with said heat spreader 
and said Substrate; and 

a ball grid array on a second Surface of said Substrate, 
bumps of said ball grid array being electrically con 
nected to said conductive traces, wherein said collaps 
ible spacers comprise one of solder and a thermoplas 
tic; and 

a molding compound encapsulating the semiconductor 
die and said collapsible spacers between the substrate 
and the heat spreader. 

34. The integrated circuit package according to claim 33, 
further comprising an underfill material disposed between 
said semiconductor die and said Substrate. 
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