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(57) ABSTRACT 

A method and apparatus for fabricating a semiconductor 
device are disclosed. The method attaches semiconductor 

P O BOX 655474, M/S 3999 chips (130) on a sheet-like insulating substrate (101) integral 
DALLAS, TX 75265 With tWo or more patterned layers of conductive lines and vias 

and With contact pads (103) in pad locations. A mold is 
ASSigneeI TEXAS INSTRUMENTS provided, Which has a top portion (210) With metal protru 

INCORPORATED, Dallas, TX sions (202) at locations matching the pad locations. The pro 
(US) trusions are shaped as truncated cones of a height suitable to 

approach the pad metal surface in the closed mold cavity. The 
APP1- NO-3 11/ 750,757 substrate and the chip are loaded onto the bottom mold por 

_ tion (310); the mold is closed by clamping the top portion 
Flled: May 18’ 2007 onto the bottom portion so that the protrusions are aligned 

_ _ _ _ With the contact pads, approaching the pad surface. After 
Pubhcatlon Classl?catlon pressuring encapsulation compound into the cavity, the mold 

Int, Cl, is opened; the encapsulated device has apertures to the pad 
H01L 23/48 (200601) locations. Any residual compound formed on the pads is 
B05C 13/00 (200601) removed by laser, plasma, or chemical to expose the metal 
H01L 21/58 (2006.01) Surface 
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METHOD FOR FABRICATING 
ARRAY-MOLDED PACKAGE-ON-PACKAGE 

FIELD OF THE INVENTION 

[0001] The present invention is related in general to the 
?eld of semiconductor devices and processes and more spe 
ci?cally to the structure and fabrication method of loW-pro 
?le, vertically integrated package-on-package integrated cir 
cuit assemblies. 

DESCRIPTION OF THE RELATED ART 

[0002] The thickness of today’s semiconductor package 
on-package products is the sum of the thicknesses of the 
semiconductor chips, electric interconnections, and encapsu 
lations, Which are used in the individual devices constituting 
the building-blocks of the products. This simple approach, 
hoWever, is no longer acceptable for the recent applications 
especially for hand-held Wireless equipments, since these 
applications place neW, stringent constraints on the siZe and 
volume of semiconductor components used for these appli 
cations. 
[0003] Furthermore, While the market place reneWed a push 
to shrink semiconductor devices both in tWo and in three 
dimensions, the miniaturization effort included packaging 
strategies for thinner semiconductor devices as Well as elec 
tronic systems. This trend to reduce product thickness initi 
ated an increasing tendency to have product Warpage prob 
lems, especially in thin assemblies, caused by the mismatch 
in the coef?cients of thermal expansion (CTE) betWeen the 
semiconductor chip, the plastic substrates, the molding com 
pound, the solder balls, and the printed circuit board. For 
instance, With silicon as the semiconductor material and plas 
tic FR-4 as substrate material, the difference in CTE is about 
an order of magnitude. Warpage is aggravated by repeated 
temperature cycles and solder re?oWs. Warpage can lead to 
some of the most debilitating problems encountered by semi 
conductor assemblies such as the fracture and separation of 
solder joints, or the separation of materials folloWed by mois 
ture ingress. 

SUMMARY OF THE INVENTION 

[0004] Applicants recogniZe an existing need to shrink 
semiconductor devices both in tWo and in three dimensions, 
especially for a device-stacking and package-on-package 
method for semiconductor devices as Well as electronic sys 
tems. Speci?cally, applicants recogniZe an existing need to 
design production equipment such as molds, to fabricate 
devices directly usable for assembling package-on-package 
the products. 
[0005] The invention solves the problem by constructing 
one mold portion With contours so that the molded device Will 
offer direct coupling With another device to form a package 
on-package product. In addition, the neW fabrication method 
is loW-co st and simpli?ed, and the products provide improved 
testability and thus yield. Using these contoured molds, 
stacking chips and packages Will shorten the time-to-market 
of innovative products such as vertically integrated semicon 
ductor systems, Which utiliZe available chips of various capa 
bilities (for example processors and memory chips), elimi 
nating the Wait for a redesign of chips. 
[0006] Based on the contoured mold equipment, package 
on-package devices can be produced With excellent electrical 
performance, mechanical stability free of Warping, and high 
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product reliability. Further, it is a technical advantage that the 
fabrication method is ?exible enough to be applied for differ 
ent semiconductor product families and a Wide spectrum of 
design and process variations. 
[0007] One embodiment of the invention is a method for 
fabricating a semiconductor device. A semiconductor chip is 
assembled on a sheet-like insulating substrate integral With 
tWo or more patterned layers of conductive lines and conduc 
tive vias and contact pads in pad locations. A mold is pro 
vided, Which has a top portion With metal protrusions at 
locations matching the pad locations; the protrusions are 
shaped as truncated cones of a height suitable to approach the 
pad metal surface in the closed mold cavity. The bottom mold 
portion is featureless. The substrate With the chip is loaded 
onto the bottom mold portion; the mold is closed by clamping 
the top portion onto the bottom portion so that the protrusions 
are aligned With the contact pads, approaching the pad sur 
face. A cavity is thus formed by the top portion. After pres 
suring encapsulation compound into the cavity, the mold is 
opened. The encapsulation of the molded device has aper 
tures to the pad locations. Finally, any residual compound 
formed on the pads is removed to expose the metal surface. 
[0008] The protrusions approach the pad metal surface in 
the closed cavity to a distance betWeen 0 and 100 um. The 
compound formed in that distance can be removed either by 
shining laser light into the compound apertures, depositing 
compound particles on the sideWalls; or by a plasma clean-up 
process, leaving a roughened surface on the aperture side 
Walls; or by a chemical etch process, leaving a compound 
undercut next to the pad metal surface. 
[0009] The mold apertures may be ?lled With solder mate 
rial contacting the pad metal surface, or they may serve to 
attach another semiconductor device With solder bodies, cre 
ating a package-on-package semiconductor assembly. 
[0010] Another embodiment of the invention is a mold With 
top and bottom portions forming a cavity for holding semi 
conductor devices, Wherein the device includes a semicon 
ductor chip assembled on a sheet-like insulating substrate 
having contact pads in pad locations and With a metal surface. 
The mold is operable to be closed by clamping the top portion 
onto the bottom portion. The top portion includes metal pro 
trusions at locations matching the pad locations; the protru 
sions are shaped as truncated cones of a height suitable to 
approach the pad metal surface in the closed cavity. The cones 
are angled With a range of about 10 to 30 degrees from 
vertical. Furthermore, the protrusions may optionally include 
a ridge operable to create a gas release channel in the aperture 
of the contact pads. 
[0011] Another embodiment of the invention is a semicon 
ductor device including a sheet-like insulating substrate With 
a perimeter, a ?rst (top) surface With a chip assembly site and 
contact pads in pad locations and With a metal surface, and a 
second (bottom) surface. A semiconductor chip is assembled 
(by Wire bonding or by ?ip-chip) on the assembly site. An 
encapsulated region, located only on the top substrate and 
extending to the substrate perimeter, encloses the chip in 
compound and has contact apertures at the pad locations for 
permitting external communication With the metal surfaces; 
the apertures may include sideWall surfaces With compound 
structures modi?ed from its smooth-molded character by a 
metal clean-up process. 
[0012] The compound structures on the aperture sideWalls 
may include thermally modi?ed compound particles indica 
tive of a laser process used for exposing the pad metal. Alter 
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natively, the aperture sidewalls may have a roughened surface 
indicative of a plasma clean-up process used for exposing the 
pad metal. Or alternatively, the aperture sideWalls have indi 
cations of a chemical etch process used for exposing the pad 
metal. 
[0013] The device further may have elongated grooves in 
the contact apertures operable as gas release channels. Solder 
material may be in the apertures, contacting the pad metal 
surface. Alternatively, another semiconductor device With 
solder balls can be attached to the ?rst substrate surface by 
contacting the pad surfaces With the solder balls and thus 
creating a package-on-package semiconductor assembly. In 
addition, solder bodies may be attached to the second sub 
strate surface. 
[0014] The technical advances represented by certain 
embodiments of the invention Will become apparent from the 
folloWing description of the preferred embodiments of the 
invention, When considered in conjunction With the accom 
panying draWings and the novel features set forth in the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIGS. 1A to 7 illustrate certain process steps for 
fabricating an array-molded semiconductor device according 
to an embodiment of the invention. 
[0016] FIG. 1A is a schematic cross section of a substrate 
With contact pads and a semiconductor chip assembled by 
Wire bonding. 
[0017] FIG. 1B is a schematic cross section of a substrate 
With contact pads and a semiconductor chip assembled by 
?ip-chip technology. 
[0018] FIG. 1C is a schematic cross section of a sheet-like 
substrate With contact pads and a plurality of chips ?ip 
assembled for array processing. 
[0019] FIG. 2A shoWs a schematic cross section of the top 
portion of a mold With structural features according to the 
invention. 
[0020] FIG. 2B shoWs a schematic cross section of the top 
portion of a mold intended for array-molding With structural 
features according to the invention. 
[0021] FIG. 3A shoWs a schematic cross section of the 
bottom portion of a mold. 
[0022] FIG. 3B shoWs a schematic cross section of the 
bottom portion of a mold intended for array-molding. 
[0023] FIG. 4 illustrates a schematic cross section of the 
open mold according to an embodiment of the invention, 
loaded With a substrate assembled With semiconductor 
devices. 
[0024] FIG. 5 shoWs a schematic cross section of the closed 
mold according to an embodiment of the invention, loaded 
With a substrate assembled With semiconductor devices. 
[0025] FIG. 6A illustrates a schematic cross section of a 
molded semiconductor array after removal from the mold. 
[0026] FIG. 6B shoWs a magni?ed schematic cross section 
of a molded unit after removal from the mold and singulation 
from the array. 
[0027] FIG. 7 is a schematic cross section of a discrete 
device after removing any molding compound from the con 
tact pads, ?lling an aperture With solder, and attaching solder 
bodies for external communication. 
[0028] FIG. 8A shoWs a schematic cross section of a ?n 
ished array With features according to the invention. 
[0029] FIG. 8B depicts a schematic top vieW of a ?nished 
array, molded according to the invention, before singulation. 
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[0030] FIG. 8C shoWs a schematic perspective vieW of a 
discrete unit singulated from the molded array With features 
according to the invention. 
[0031] FIG. 9 illustrates a schematic cross section of 
another embodiment of the invention, Wherein a second semi 
conductor device With solder bodies is attached to the ?rst 
device so that the aperture-exposed pads of the ?rst device are 
contacted by the solder bodies of the second device, creating 
a package-on-package semiconductor assembly. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] FIGS. 1A through 7 illustrate schematically the 
steps of one embodiment of the present invention, a method 
for array-molding semiconductor devices. The steps shoWn in 
FIGS. 1A and 1B shoW the assembly of a semiconductor chip 
on a substrate by Wire bonding (FIG. 1A) and by ?ip-chip 
technology (FIG. 1B); FIG. 1C exempli?es a portion of an 
array of chips assembled by ?ip-chip. A sheet-like substrate 
101 With insulating core (for example, plastic, glass-?ber 
reinforced, ceramic) is integral With tWo or more patterned 
layers of conductive lines and conductive vias (preferably 
copper) and contact pads in pad locations. Lines 110 do not 
reach beyond the boundaries of substrate 101. Substrate 101 
has a ?rst surface 101a and a second surface 101b, and a 
preferred thickness range from 0.2 to 0.5 mm. The ?rst sur 
face 101a includes chip assembly sites 102 and contact pads 
103 in pad locations. The metal of the contact pads is prefer 
ably copper With a solderable surface (for example, including 
a layer of gold or palladium). Second surface 101!) also has 
pads 112 With a solderable surface. 
[0033] A plurality of semiconductor chips 130 is provided. 
In order to attach and electrically connect the chips, they are 
assembled on each assembly site either by adhesive attach 
ment and Wire bonding, or by ?ip-chip connection. For ?ip 
attachment, the connecting metal bumps 140 may be made of 
solder, gold, or copper. 
[0034] As illustrated in FIG. 2A to 3B, in the next process 
step a mold made of steel or another suitable material is 
provided, Which alloWs the encapsulation of a single unit or 
an array of units. The mold has a top portion manufactured to 
include recesses suitable for a cavity, and a bottom portion; 
When closed, the mold is forming a cavity for holding semi 
conductor devices. In FIG. 2A, the top portion is intended to 
process a single unit and is designated 201; in FIG. 2B, the top 
portion is constructed for an array of units to be processed 
together as a batch. In FIG. 3A, the bottom portion is intended 
to process a single unit and is designated 301; in FIG. 2B, the 
bottom portion is constructed for an array of units to be 
processed together. 
[0035] The top portion 201 includes protrusions 202 at 
locations matching the pad locations of the device shoWn in 
FIGS. 1A and 1B; the bottom portion 301 is Without corre 
sponding protrusions. The protrusions are preferably shaped 
as truncated cones, With the cone surface angled Within a 
preferred range from about 10 to 30 degrees from vertical. 
The angle is designated 20211 in FIG. 2A. Furthermore, the 
protrusions preferably may have a ridge 203, Which may 
extend along the Whole angled side of the cone. Ridge 203 is 
operable to create a groove or channel in the molded part, 
Which may provide release of gas in the solderball attachment 
process, or help in the solder paste re?oW process. 
[0036] The height 202!) of the protrusion is selected to be 
suitable to approach the substrate pad metal (103 in FIGS. 1A 
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and 1B) in the closed mold. Preferably, the protrusion should 
approach the pad metal surface in the closed mold to a dis 
tance betWeen 0 and about 100 pm. More preferably, height 
202!) of the protrusion is suf?cient to touch the pad metal 
surface in the closed mold. 

[0037] The bottom portion 301 in FIGS. 3A and 310 in FIG. 
3B of the mold has no protrusions; it is featureless and pref 
erably ?at. For some individual devices, it may be an advan 
tage to recess a portion outlined by length 302 and depth 303 
suf?cient to accommodate the substrate of a discrete device, 
but for array processing, a featureless ?at bottom mold por 
tion is preferable. 
[0038] In the next process step (see FIG. 4), the substrate 
101 With the assembled chips 130 is loaded onto the bottom 
mold portion 310. The second substrate surface 101!) is rested 
on mold portion 310, and the ?rst substrate surface 10111 With 
the contact pads 1 03 is positioned aWay from the bottom mold 
portion 310. Protrusions 202 of the top mold portion 210 are 
aligned With the respective contact pads 103 of substrate 101. 
[0039] FIG. 5 shoWs the next process step of closing the 
mold by clamping the top portion 210 onto the bottom portion 
310 so that the protrusions 202 are aligned With the contact 
pads 103, approaching or touching the pad surface. The top 
portion 210 resting on the ?at bottom portion 310 forms the 
cavity of the mold for holding the semiconductor devices. 
Preferably, the protrusions touch the contact pads; hoWever, 
material or alignment tolerances may cause a residual dis 
tance betWeen 0 and about 100 um betWeen the protrusion and 
the pad. FIG. 5 also shoWs the respective ridge 203 for each 
protrusion 202. 
[0040] In order to avoid any residual distance betWeen pro 
trusions and pads, causing a gap betWeen protrusions and 
pads, and thus to avoid any bleeding of mold compound into 
the gap, an alternative method includes the step of placing a 
thin sheet 220 of compliant, inert polymer over the surface 
20111 of the complete top mold portion (see FIG. 2A) The 
polymer is selected to tolerate signi?cant pressure from the 
protrusions clamped against the pads. The sheet may have a 
chemical composition to be either dissolved into the molding 
compound and become part of the molded encapsulation, or, 
preferably, remain a coherent sheet Which can be readily 
peeled off the top mold portion, after the mold is opened 
again. 
[0041] Next, encapsulation material such as epoxy-based 
and ?ller-loaded molding compound is pressured into the 
cavity to ?ll the cavity; the runners for supplying the com 
pound, and the gates needed for entering the cavity and con 
trolling the compound ?oW, are not shoWn in FIG. 5. By this 
transfer molding step, encapsulations for the devices of the 
array are created. 

[0042] After partially polymeriZing the compound 601, the 
mold is opened and the substrate together With the encapsu 
lated array of chips is removed from the mold; FIG. 6A 
illustrates the encapsulated array, and FIG. 6B shoWs an 
enlarged vieW of one unit. Subsequently, compound 601 is 
fully polymerized. For many device types, the thickness of 
the molded encapsulation is betWeen 0.6 and 0.7 mm. FIGS. 
6A and 6B shoW that the encapsulation has apertures 603 to 
the pad locations. 
[0043] FIG. 6B indicates by dashed contour 602 any 
residual encapsulation that may form on the contact pads 103. 
These thin deposits (thickness 602a betWeen 0 and about 100 
pm), if formed, have to be removed to expose the clean metal 
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surface of pad 103. At least three methods are suitable to 
remove these unWanted encapsulation layers. 
[0044] The ?rst method employs drilling or vaporizing by 
laser light. A focused laserbeam shines into the encapsulation 
aperture 603, removes the compound layer thereby forming 
particles 604 in a thermal process, and may deposit these 
particles on the otherWise smooth sideWalls 603a; particles 
604 attest to the thermal process used to clean up the pads. 
The second method employs a plasma clean-up process; the 
plasma leaves a roughened surface 605 on the aperture side 
Walls 60311. The third method employs a chemical etch pro 
cess, Which leaves a surface structure 606 recogniZable by 
one skilled in the art. All three methods are material-sensitive 
and thus controllable to stop at the metal surface of the contact 
pads. 
[0045] When the compliant inert ?lm is employed, Which 
can be peeled off after the molding process (see above), the 
pad metal surfaces remain clean throughout the molding pro 
cess and consequently no clean-up step is necessary. 
[0046] In an additional process step, re?oW bodies such as 
solder balls 701 are attached to the attachment pads 112 (see 
FIGS. 1A and 1B) on the second substrate surface 10119. This 
step is illustrated in FIG. 7, shoWing a magni?ed portion of 
the array (it should be noted that in the example of FIG. 7, 
Wire bonding has been employed to assemble the chip on the 
?rst substrate surface 101a). 
[0047] In an optional process step, the mold apertures 703 
may be ?lled With solder paste 704, Which contacts the sur 
face of pad metal 103. During the re?oW step of the paste, 
grooves 705 may help to separate the ?ux-rich part form the 
solder-rich part. 
[0048] FIGS. 8A, 8B, and 8C depict the singulation step. 
The dashed lines 801 (in the cross section of FIG. 8A), 802 
and 803 (in the top vieW of FIG. 8B) indicate saW lines of 
saWs, Which cut through the mold compound 601 and the 
substrate 101 to singulate discrete units from the sheet-like 
substrate of the array. Due to the saWing process step, the 
individual units have recogniZable saW marks on their sides. 
[0049] A discrete unit is illustrated in FIG. 8C in an X-ray 
vieW, Which emphasiZes the apertures 703 to the contact pads, 
but omits the encapsulated assembled chip for clarity reasons 
(not to scale). In addition, the gas release channels 810 have 
been omitted for all apertures except for one roW of apertures. 
[0050] The gas release channels help to prevent the trap 
ping of air and gas, When another device 902 With solder 
bodies 910 is attached to the ?rst device 901 and the apertures 
are ?lled With solder to contact the exposed surfaces of the 
contact pads 103. FIG. 9 illustrates a resulting package-on 
package semiconductor assembly. 
[0051] Another embodiment of the invention is an appara 
tus for the fabrication of a semiconductor device; the appara 
tus is illustrated in FIGS. 2B and 3B. A mold has top (201 in 
FIG. 2A, 210 in FIG. 2B) and bottom (301 in FIG. 3A, 310 in 
FIG. 3B) portions; the top portion has a cavity With protru 
sions for holding semiconductor devices, the bottom portion 
is Without corresponding protrusions and preferably feature 
less. Preferably, the device includes a semiconductor chip 
attached to a sheet-like insulating substrate With contact pads 
in pad locations. When the mold is operated, it is closed by 
clamping the top portion onto the bottom portion, Whereby a 
cavity is formed. 
[0052] The top portion includes protrusions (202 in FIG. 
2A) at locations matching the pad locations. Preferably, the 
protrusions are made of the same material (for instance, steel) 
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as the top portion of the mold. The protrusions are preferably 
shaped as truncated cones of a height suitable to approach the 
pad metal surface in the closed mold; a practical distance 
from the cone to the pad surface is betWeen 0 and about 100 
pm. More preferably, the height is suitable to touch the pads 
metal surface in the closed mold. The angle 20211 of the cones 
is preferably between 10 and 30 degrees from vertical. In 
addition, it is advantageous to add a ridge to the protrusions 
(203 in FIG. 2A), Which are con?gured to create, in the 
molded encapsulation, a gas release channel in the aperture of 
the contact pads. The release channel provides an escape for 
air and other gases in the solder attachment process, When the 
aperture is being ?lled With solder. 
[0053] The bottom portion of the mold is preferably fea 
tureless, in particular in molds for encapsulating Whole arrays 
as shoWn in FIG. 3B. The bottom part provides support for 
placing the device substrate in the mold. On the other hand, it 
may be advantageous for molding discrete devices to have a 
recess (302 in FIG. 3A) of a certain depth in the bottom part 
for tightly positioning the device substrate. No molding com 
pound reaches the bottom of the cavity or the bottom surface 
of the substrate. 
[0054] Another embodiment of the invention is a semicon 
ductor device, singulated by saWing from an array-molded 
substrate, and designed to become part of a semiconductor 
package-on-package device. An example of the embodiment 
is illustrated in FIG. 8C; a magni?ed cross section before 
singulation is depicted in FIG. 7. A sheet-like insulating sub 
strate 101 has obtained its perimeter 820, preferably by saW 
ing, Which leaves recogniZable saW marks. The substrate has 
a ?rst surface 10111 With a chip assembly site and contact pads 
103 in pad locations and With a metal surface. The substrate 
further has a second surface 101!) With attachment sites for 
solder bodies 701. 
[0055] A semiconductor chip is attached to the assembly 
site (not shoWn in FIG. 8C); the attachment and assembly may 
be performed by Wire bonding, as depicted in the example of 
FIG. 7, or by ?ip-chip technology, shoWn in FIG. 6B. 
[0056] The embodiment has an encapsulated region, only 
on the top of the substrate and de?ned by the substrate perim 
eter 820. Consequently, the encapsulation material covers the 
Whole top substrate area of the device, including the chip. The 
encapsulation forms contact apertures 703 at the pad loca 
tions for permitting external communication With the pad 
metal surfaces 1 03; preferably, the apertures have the shape of 
cones. The surfaces of the aperture sideWalls include com 
pound structures, Which have been modi?ed from the other 
Wise smooth surface by the process employed to clean up the 
pad metal surfaces and thus bear Witness of the selected 
process. 
[0057] As an example, When the compound structures on 
the sideWalls include thermally modi?ed compound particles, 
such as rounded particles, they indicate that a laser technique 
has been used to remove an incidental compound layer from 
the pad surface and thus expose the pad metal. 
[0058] Alternatively, When the aperture sideWalls have a 
roughened surface, they indicate that a plasma clean-up pro 
cess has been used to expose the pad metal. 
[0059] In another situation, the aperture sideWalls may have 
surface structures recogniZable by one skilled in the art as 
residues of a chemical etch process used to expose the pad 
metal. 
[0060] In one roW of apertures, FIG. 8C depicts elongated 
grooves in the contact apertures operable as gas release chan 
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nels. While alloWing trapped gas to escape in the process of 
re?oWing a solder ball in the aperture, these grooves may end 
up being ?lled With solder. The support function is especially 
bene?cial during the process step of attaching another semi 
conductor device 902 With solder bodies 910 to the ?rst 
substrate surface of the ?rst device 901 in order to produce a 
package-on-package semiconductor product as shoWn in 
FIG. 9. In this attachment process, the pad surfaces 103 are 
contacted by the solder bodies 910 of the second device 902, 
creating the package-on-package assembly. FIG. 9 stresses 
the preferred combination of devices, Wherein not only the 
molding compound 920 of ?rst device 901 extends to the 
substrate perimeter 90111, but also the molding compound 930 
of second device 902 extends to the substrate perimeter 90211. 
This combination minimiZes the risk of device Warpage in the 
assembly process. 
[0061] While this invention has been described in reference 
to illustrative embodiments, this description is not intended to 
be construed in a limiting sense. Various modi?cations and 
combinations of the illustrative embodiments, as Well as other 
embodiments of the invention, Will be apparent to persons 
skilled in the art upon reference to the description. As an 
example, the invention applies to products using any type of 
semiconductor chip, discrete or integrated circuit, and the 
material of the semiconductor chip may comprise silicon, 
silicon germanium, gallium arsenide, or any other semicon 
ductor or compound material used in integrated circuit manu 
facturing. 
[0062] As another example, the metal protrusions of the top 
mold portion may be shaped as cylinders, cubes, rhomboids, 
or any other 3-dimensional con?guration. It is therefore 
intended that the appended claims encompass any such modi 
?cations or embodiment. 

We claim: 
1. A method for fabricating a semiconductor device com 

prising the steps of: 
providing a sheet-like insulating substrate integral With 

tWo or more patterned layers of conductive lines and 
vias, the substrate having a ?rst surface With chip assem 
bly sites and contact pads in pad locations, and a second 
surface; 

providing semiconductor chips; 
attaching a chip to each assembly site; 
providing a mold having top and bottom portions, the top 

portion forming a cavity for holding semiconductor 
devices; 

the top portion including protrusions at locations matching 
the pad locations, the protrusions shaped as truncated 
cones of a height suitable to approach the pad metal 
surface When the mold is in a closed form; 

the bottom portion being Without corresponding protru 
sions; 

loading the substrate With the chips onto the bottom mold 
portion, resting the second substrate surface on the mold 
and positioning the ?rst surface With the contact pads 
aWay from the bottom mold portion; 

closing the mold by clamping the top portion onto the 
bottom portion so that the protrusions are aligned With 
the contact pads, approaching the pad surface; 

pressuring molding compound into the cavity to ?ll the 
cavity, thereby creating an encapsulation; 

opening the mold and removing the substrate together With 
the encapsulated chips from the mold, the encapsulation 
having apertures to the pad locations; and 
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removing any residual compound on the pads to expose the 
metal surface. 

2. The method according to claim 1 Wherein the protru 
sions approach the pad metal surface in the closed cavity to a 
distance betWeen 0 and 100 pm. 

3. The method according to claim 1 Wherein the protrusion 
touches the pad metal surface in the closed mold. 

4. The method according to claim 1 Wherein the metal 
protrusions further include a ridge operable to create an aper 
ture having a gas release channel in the aperture. 

5. The method according to claim 1 Wherein the step of 
removing residual compound from the pad surface is per 
formed by the process of shining laser light into the encapsu 
lation apertures, thereby depositing compound particles on 
the otherWise smooth sideWalls. 

6. The method according to claim 1 Wherein the step of 
removing residual compound from the pad surface is per 
formed by a plasma clean-up process, thereby creating a 
roughened surface on the aperture sideWalls. 

7. The method according to claim 1 Wherein the step of 
removing residual compound from the pad surface is per 
formed by a chemical etch process, thereby leaving etch 
structures on the aperture sideWalls. 

8. The method according to claim 1 further including, 
before the step of loading the substrate, the step of placing a 
compliant ?lm over the top portion loaded With the inserts. 

9. The method according to claim 8 further including, after 
the step of opening the mold, the step of peeling the compliant 
?lm off the top portion. 

10. The method according to claim 1 Wherein the step of 
attaching the chip includes Wire bonding. 

11. The method according to claim 1 Wherein the step of 
attaching the chip includes a ?ip-chip process. 

12. The method according to claim 1 further including the 
step of attaching solder balls to the second substrate surface. 

13. The method according to claim 1 further including the 
step of ?lling the encapsulation apertures to the pads With 
solder material. 

14. The method according to claim 1 further including the 
step of singulating individual units from the sheet-like sub 
strate. 

15. The method according to claim 14 Wherein the step of 
singulating is performed by a saWing process, thereby creat 
ing a surface With saW marks. 

16. The method according to claim 15 further including the 
step of attaching another semiconductor device With solder 
balls to the ?rst substrate surface of the singulated unit so that 
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the exposed pad surfaces are contacted by the solder balls, 
thereby creating a package-on-package semiconductor 
assembly. 

17. The method according to claim 1 Wherein the pad metal 
surface has a layer including gold or palladium. 

18. An apparatus for the fabrication of a semiconductor 
device comprising: 

a mold having top and bottom portions, the top portion 
having a cavity for holding semiconductor devices, the 
device includes a semiconductor chip attached to a 
sheet-like insulating substrate integral With tWo or more 
patterned layers of conductive lines and vias, the sub 
strate having contact pads in pad locations; 

the mold operable to be closed by clamping the top portion 
onto the bottom portion; 

the top portion including protrusions at locations matching 
the pad locations, the protrusions shaped as truncated 
cones of a height suitable to approach the pad metal 
surface in the closed mold; and 

the bottom portion being Without corresponding protru 
sions. 

19. A device comprising: 
a sheet-like insulating substrate integral With tWo or more 

patterned layers of conductive lines and vias, the sub 
strate having a ?rst surface With a chip assembly site and 
contact pads in pad locations, and a second surface; 

a semiconductor chip attached to the assembly site; and 
an encapsulated region on the ?rst surface, extending to the 

edge of the substrate, enclosing the chip and having 
contact apertures at the pad locations for external com 
munication With the metal surfaces, the apertures having 
a not-smooth sideWall surfaces. 

20. The device according to claim 19 Wherein the not 
smooth aperture sideWall surfaces include laser spalled com 
pound particles. 

21. The device according to claim 19 Wherein the not 
smooth aperture sideWalls include a plasma-roughened sur 
face. 

22. The device according to claim 19 Wherein the not 
smooth aperture sideWall surfaces have chemically etched 
structures. 

23. The device according to claim 19 Wherein the semicon 
ductor chip is attached to the substrate by Wire bonding. 

24. The device according to claim 19 Wherein the semicon 
ductor chip is attached on the substrate by a ?ip-chip process. 

* * * * * 


