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SEMICONDUCTOR FLIP-CHIP PACKAGE AND 
METHOD FOR THE FABRICATION THEREOF 

[0001] This application is a divisional of applicationi Ser. 
No. 09/517,839 ?led on Mar. 2, 2000, Which is a continu 
ation-in-part of application Ser. Nos. 09/120,172 and 
09/137,971, ?led Jul. 21, 1998 and Aug. 21, 1998, respec 
tively, and Which are incorporated herein in their entireties 

[0002] The US. Government has a paid-up license in this 
invention and the right in limited circumstances to require 
the patent oWner to license others on reasonable terms as 
provided for by the terms of contract no. N00164-96-C-0089 
aWarded by Defense Advanced Research Projects Agency. 

FIELD OF THE INVENTION 

[0003] This invention relates generally to semiconductor 
chips electrically and mechanically connected to a substrate, 
particularly to ?ip-chip con?gurations. 

BACKGROUND OF THE INVENTION 

[0004] Flip-chip technology is Well knoWn in the art. FIG. 
1 illustrates a semi-conductor chip having solder bumps 
formed on the active side of the semi-conductor chip 100 
that is inverted and bonded to a substrate 101 through the 
solder joints 102 by re?oWing solder to Wet metalliZed pads 
106. Structural solder joints 102 are formed from solder 
bumps situated betWeen the semi-conductor chip and the 
substrate to form the mechanical and electrical connections 
betWeen the chip and substrate. A narroW gap 103 is left 
betWeen the semi-conductor chip and the substrate. 

[0005] One obstacle to ?ip-chip technology When applied 
to polymer printed circuit substrates (i.e., circuit boards) is 
the unacceptably poor reliability of the solder joints due to 
the mismatch of the coefficients of thermal expansion of the 
(i) chip, Which typically has a coef?cient of thermal expan 
sion of about 3 ppm/° C., (ii) the polymer substrate, e.g. 
epoxy-glass, Which has a coefficient of thermal expansion of 
about 16 to 26 ppm/° C., and (iii) the solder joint Which has 
a coef?cient of thermal expansion of about 25 ppm/° C. As 
shoWn in FIGS. 2 and 3, as the ?ip chip 100 and printed 
circuit substrate 101 undergo thermal excursions, the sub 
strate expands and contracts at a greater rate than does the 
chip. (This occurs, for example, in electronic components 
that are sWitched on and off.) Because the chip and substrate 
are stiffer than the solder joints 104, the solder joints are 
?exed and distorted since they are constrained only by their 
attachment at both ends by the substrate and chip. The air 
gap 103 betWeen the chip and the substrate alloWs these tWo 
parts to expand and contract at relatively different rates 
thereby distorting the solder joints. As the chip and substrate 
are thermally cycled through normal use, this ?exing and 
bending Weakens the solder joints Which causes them to 
quickly fail. 

[0006] In the past, the problem of solder joint fatigue life 
in ?ip-chip/substrate interconnects Was addressed by several 
methods. A typical approach, Which is described in US. Pat. 
No. 5,801,449, involves positioning an interposer made of 
?exible circuitry betWeen the chip and the solder joints. The 
?ex circuit undergoes expansion and contraction Without 
distorting the solder joints despite the presence of the air gap 
around the solder joints. 

[0007] As illustrated in FIG. 4, another approach to 
fatigue life involves under?lling the air gap betWeen the chip 
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and the substrate completely With a solid under?ll encapsu 
lant material 104 that consists of a composite of polymer and 
an inorganic ?ller and that has a thermal expansion of 20-30 
ppm/° C. and an elastic modulus of 2-20 GPa. The under?ll 
composite material is typically dispensed around tWo adja 
cent sides of the semiconductor chip after the chip 100 has 
been soldered to the substrate 101. The under?ll composite 
material 104 sloWly ?oWs by capillary action to ?ll the gap 
betWeen the chip and the substrate. The under?ll material is 
then hardened by baking for an extended period. Under?ll 
ing the chip With a subsequently cured encapsulant has been 
shoWn to reduce solder joint fatigue failure caused by 
thermal expansion mismatch betWeen the chip and the 
substrate. For the under?ll encapsulant to be effective, it is 
important that it adheres Well to the chip 100 and the 
substrate 101. Unlike the previous interposer methods, there 
cannot be an air gap or separation betWeen the under?ll 104 
and the chip 100 or the substrate 101. The cured encapsulant 
reduces the fatigue cycling of the solder joints by virtue of 
the relative stiffness, or high modulus, of the under?ll 
material in conjunction With the strong solid contact made 
betWeen the under?ll material, the semiconductor chip, the 
solder joints, and the underlying printed circuit. 

[0008] As illustrated further in FIGS. 5 and 6, since the 
solid under?ll composite 104 ?lls the entire gap betWeen the 
chip 100 and the substrate 101, and since it has a thermal 
expansion coef?cient that is close to that of the solder 102, 
the substrate and chip no longer expand and contract inde 
pendently of each other. Instead the relatively larger expan 
sion and contraction of the substrate relative to the chip is 
constrained by the under?ll 104 Which is rigidly adhered to 
both; this also causes the entire assembly to bulge upWards 
as the temperature is decreased or doWnWards as the tem 
perature is increased. This bulging effect essentially keeps 
the relatively fragile solder joints encased solidly in the 
under?ll, and prevents them from appreciably distorting. 
The result is a large reduction in solder joint fatigue. The 
hardened, gap-free encapsulant transforms the expansion 
and contraction forces of the substrate that are induced by 
temperature changes, into bulging of the entire assembly, 
Which virtually eliminates distortion of the solder joints. The 
bulging reduces the fatigue of the solder joints and virtually 
eliminates solder fatigue failure. As a result, the under?lled 
?ip chip assembly solder joint lifetime is greatly increased 
relative to that of an air gap ?ip chip solder joint. 

[0009] The under?lling process, hoWever, makes the 
assembly of encapsulated ?ip-chip printed Wire boards a 
time consuming, labor intensive and expensive process With 
a number of uncertainties. The process involves ?rst apply 
ing a soldering ?ux, generally a no-clean, loW residue ?ux, 
to the solder bumps on the chip. Then the chip is placed on 
the substrate. The assembly is subsequently subjected to a 
solder re?oWing thermal cycle Whereby the solder melts and 
joins the chip to the substrate under the action of the 
soldering ?ux. The surface tension of the solder aids to 
self-align the chip to the substrate terminals. After re?oW, 
due to the close proximity of the chip to the substrate, 
removing any remaining ?ux residues from under the chip is 
such a difficult operation that it is generally not done. Yet 
these residues are knoWn to reduce the reliability and 
integrity of the subsequent under?ll encapsulant. 

[0010] After soldering, under?ll encapsulation of the chip 
generally folloWs. In the prior art, as described, for example, 
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in US. Pat. No. 5,880,530, the polymers of choice for the 
under?ll encapsulation have been epoxy resins. The thermal 
expansion coef?cients and elastic moduli of the resins can be 
reduced by the addition of inorganic ?llers, such as silica or 
alumina. To achieve optimum reliability, a coef?cient of 
thermal expansion in the vicinity of 20-30 ppm/° C. and an 
elastic modulus of 2 to 20 Gpa are preferred. Since the 
preferred epoxies have coef?cient of thermal expansion 
exceeding 80 ppm/° C. and elastic moduli of 001-2 GPa, the 
inorganic ?llers selected generally have much loWer coef 
?cient of thermal expansions and much higher moduli so 
that, in the aggregate, the epoxy-inorganic mixture is Within 
the desired range for these values. Typically, the ?ller to 
resin volume ratio is in the range of 50 to 65%, but this high 
?ller concentration tends to make the resin mixture very 
viscous, Which sloWs the rate at Which it can ?oW into the 
gap betWeen chip and substrate during under?lling. Conse 
quently, the sloW under?ll process is expensive to perform 
in a large throughput manufacturing environment. 

[0011] The under?lling encapsulation techniques of the 
prior art have at least ?ve principal disadvantages: 

[0012] 1. The re?oWing of the solder bump and subse 
quent under?lling and curing of the encapsulant is an 
inef?cient multi-step process. 

[0013] 2. Under?lling a ?ip-chip assembly is time con 
suming because the viscous resin material must ?oW through 
the tiny gap betWeen the chip and the substrate. 

[0014] 3. Air bubbles can be trapped in the under?ll 
encapsulant during the under?lling process and these 
bubbles later become sites for solder joint failure. 

[0015] 4. The ?ux residues remaining in the gap reduce the 
adhesive and cohesive strengths of the under?ll encapsulat 
ing adhesive, thereby adversely affecting the reliability of 
the assembly. 

[0016] 5. For larger chips, the limiting effect of capillary 
action becomes more critical and makes the under?lling 
procedure more time consuming and more susceptible to 
void formation and to the separation of the polymer from the 
?llers during under?lling. 

[0017] US. Pat. No. 5,128,746 describes a prior art 
method for under?ll encapsulation of a chip and substrate 
assembly Whereby a liquid polymer encapsulant, Which 
includes a ?uxing agent but no inorganic ?llers, is applied to 
the chip or substrate prior to assembly. As shoWn in to FIGS. 
7 and 8, prior to solder re?oW, the liquid encapsulant 109 is 
applied to completely ?ll the gap betWeen chip and sub 
strate, and engulf the solder bumps 108. This alloWs the chip 
100 to be positioned on the substrate 101 With the liquid 
polymer ?ux 109 situated in betWeen. Then, as shoWn in 
FIG. 9, the solder bumps 108 are re?oWed during Which 
process the ?ux in the liquid encapsulant promotes Wetting 
of the molten solder to the metalliZed pads 106 on the 
substrate as the solder joints or interconnections 102 are 
formed and the chip self-aligns to the metalliZed pads. The 
polymer in the liquid encapsulant cures during the re?oW 
step and hardens to produce mechanical interconnection 110 
located betWeen the substrate and chip and to encapsulate 
the solder joints 102. 

[0018] One advantage of this technique is that the re?oW 
and under?lling steps are combined into one, thereby elimi 
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nating the sloW under?ll operation since the encapsulating 
under?ll is applied prior to assembly. HoWever, the chief 
limitation of this technique is that in order for the molten 
solder to readily Wet the substrate metalliZed pads and to 
alloW the solder, through surface tension, to self-align the 
chip to the substrate metalliZed pads, the polymer ?ux 
encapsulant must have a very loW viscosity during the 
re?oW step. HoWever, the viscosity of the material is 
severely increased by the presence of inorganic ?llers above 
a concentration of more that a feW percent. As a result, the 
thermal expansion coef?cients of these un?lled polymer ?ux 
encapsulant materials are much larger than 20-30 ppm/° C. 
and the elastic moduli are less than 2 GPa. This approach 
fails to produce an under?ll encapsulant material that can 
serve as both the ?ux and the encapsulant With the required 
loW coef?cient of thermal expansion and high modulus 
needed for optimum reliability. 

[0019] The art is in need of a method to pre-apply an 
under?ll encapsulant containing the required inorganic ?ll 
ers to ?ll completely the gap betWeen the chip and substrate 
in such a Way that the coef?cient of expansion of the 
material in the gap is near that of the solder, 25 ppm/° C., and 
the modulus is at least 2 GPa. 

SUMMARY OF THE INVENTION 

[0020] The present invention is based in part on the 
discovery of employing a multilayer under?ll encapsulant 
that comprises at least ?rst and second portions or layers, at 
least one of Which comprises a polymer ?ux. The use of tWo 
or more layers allows the layers to have different physical 
properties as measured by their thermal expansion coef? 
cients and elastic moduli. Electrical components such as 
?ip-chips employing the inventive layers have superior 
structural integrity. Since the polymer ?ux generally has a 
coef?cient of expansion exceeding 30 ppm per degree C, this 
multilayer approach alloWs the use of polymer ?uxes With 
out adversely affecting reliability at the ?nal assembly. 

[0021] In one aspect, the invention is directed to an 
electrical component assembly that includes: 

[0022] (a) a substrate having a substrate surface With 
a plurality of pads thereon; 

[0023] (b) an integrated circuit chip having an active 
surface With a plurality of contacts thereon Wherein 
the substrate surface faces the active surface; and 

[0024] (c) an encapsulant interposed betWeen sub 
strate and the integrated circuit chip Wherein the 
encapsulant comprises at least tWo layers including a 
?rst layer comprising a polymer or polymer com 
posite having a coefficient of thermal expansion of 
about 30 ppm/° C. or less and an elastic modulus of 
at least 2 Gpa, and a second layer comprising a 
polymer ?ux Wherein the encapsulant de?nes a plu 
rality of channels that are ?lled With solder and 
Wherein each channel extends from a contact on the 
active surface to a pad on the substrate surface. 

[0025] In another aspect, the invention is directed to a 
method for making an electrical component assembly that 
includes the steps of: 

[0026] (a) providing an integrated circuit chip having 
an active surface With a plurality of contacts thereon 
and having discrete solder bumps on the plurality of 
contacts; 
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[0027] (b) coating the active surface of the integrated 
circuit chip having separate discrete solder bumps 
thereon With a ?rst encapsulant layer that comprises 
a liquid polymer resin mixed With inorganic poWder 
Wherein the ?rst encapsulant layer after being cured 
has a coef?cient of thermal expansion of about 30 
ppm/° C. or less and an elastic modulus of at least 
about 2 GPa; 

[0028] (c) providing a printed circuit substrate having 
a substrate surface With a plurality of discrete met 
alliZed pads thereon; 

[0029] (d) coating the printed circuit substrate With a 
second encapsulant layer comprising a liquid poly 
mer ?ux; 

[0030] (e) placing the coated integrated circuit chip 
on the coated substrate Whereby the ?rst and second 
encapsulant layers are in contact With each other and 
thereafter causing the solder bumps to penetrate into 
the second encapsulant layer; 

[0031] curing the ?rst and second encapsulant 
layers; and 

[0032] (g) simultaneously re?oWing the solder 
bumps to electrically connect the contacts of the 
integrated circuit chip to the pads of the substrate. 

[0033] In yet another aspect, the invention is directed to a 
method for making an electrical component assembly that 
includes the steps of: 

[0034] (a) providing an integrated circuit chip that 
has an active surface With a plurality of contacts 
thereon and having discrete solder bumps on the 
plurality of contacts; 

[0035] (b) coating the active surface of the integrated 
circuit chip having separate discrete solder bumps 
thereon With a hardened ?rst encapsulant layer com 
prising a polymer resin and an inorganic ?ller 
Wherein the ?rst encapsulant layer after being cured 
has a coef?cient of thermal expansion of 30 ppm/° C. 
or less and an elastic modulus greater than 2 GPa; 

[0036] (c) partially exposing tips of the solder bumps; 

[0037] (d) coating the ?rst encapsulant With a second 
encapsulant layer comprising a liquid polymer ?ux; 

[0038] (e) providing a printed circuit substrate having 
a substrate surface With discrete metalliZed pads 
thereon; 

[0039] placing the coated integrated circuit chip 
on the substrate and thereafter causing the solder 
bumps tips to penetrate into the second encapsulant 
layer; 

[0040] (g) curing the ?rst and second encapsulant 
layers; and 

[0041] (h) simultaneously re?oWing the solder 
bumps to electrically connect the contacts of inte 
grated circuit chip to the pads of the substrate. 

[0042] In still another aspect, the invention is directed to 
a method for making an electrical component assembly that 
includes the steps of: 
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[0043] (a) providing an integrated circuit chip having 
an active surface With a plurality of contact pads 
thereon; 

[0044] (b) coating the active surface of the integrated 
circuit chip With a ?rst encapsulant layer that after 
being cured has a coef?cient of expansion of about 
30 ppm/° C. or less and an elastic modulus greater 
than about 2 GPa; 

[0045] (c) removing portions of the ?rst encapsulant 
layer to form holes that expose the contact pads on 
the active surface of the integrated circuit chip; 

[0046] (d) ?lling the holes With solder; 

[0047] (e) coating the ?rst encapsulant layer With a 
second encapsulant layer that comprises a polymer 
?ux; 

[0048] placing the integrated circuit chip on a 
substrate having a substrate surface With a plurality 
of metalliZed pads thereon With the ?rst and second 
encapsulant layers located betWeen the integrated 
circuit chip and the substrate; 

[0049] (g) curing the second encapsulant layer; and 

[0050] (h) simultaneously re?oWing the solder to 
electrically connect the contact pads of the integrated 
circuit chip to the metalliZed pads of the substrate. 

[0051] In still another aspect, the invention is directed to 
a method for making an electrical component assembly that 
includes the steps of: 

[0052] (a) providing a printed circuit board substrate 
having a substrate surface With a plurality of metal 
liZed pads thereon; 

[0053] (b) coating the metalliZation pads With a ?rst 
encapsulant layer that has a coef?cient of expansion 
of about 30 ppm/° C. or less and an elastic modulus 
of greater than about 2 GPa; 

[0054] (c) removing portions of the ?rst encapsulant 
layer to form holes that expose the metalliZation 
pads; 

[0055] (d) ?lling the holes With solder; 

[0056] (e) coating the ?rst encapsulant layer With a 
second encapsulant layer that comprises a polymer 
?ux; 

[0057] placing an integrated circuit chip having an 
active surface With a plurality of contact pads 
thereon on the substrate With the ?rst and second 
encapsulant layers located betWeen the integrated 
circuit chip and the substrate; 

[0058] (g) curing the second encapsulant layer; and 

[0059] (h) simultaneously re?oWing the solder to 
electrically connect the contact pads of the integrated 
circuit chip to the metalliZed pads of the substrate. 

[0060] The semiconductor chip package structures of the 
present invention provide, among other advantages, simple 
chip placement folloWed by re?oW Without labor intensive 
under?ll steps; a solder bumped chip or substrate With an 
encapsulant pre-attached, With the encapsulant performing a 
mechanical function and the solder performing an electrical 
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function; a loW-cost method for applying the solder bumps 
to a ?ip chip or ?ip chip substrate by creating holes in a 
pre-coated encapsulant; and a pre-coated chip encapsulant of 
tWo or more layers, With each layer performing a distinct 
function. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0061] FIGS. 1-9 illustrate prior art ?ip-chip assemblies. 

[0062] FIGS. 10-12 illustrate a ?ip-chip assembly process. 

[0063] FIG. 13-15 illustrate another ?ip-chip assembly 
process. 

[0064] FIG. 16 is a representative ?ip-chip structure of the 
present invention. 

[0065] FIG. 17 illustrates a ?ip-chip structure Wherein the 
?rst portion of the encapsulant material is applied to the 
bumped chip and the second portion is applied over the 
substrate. 

[0066] FIG. 18 illustrates a ?ip-chip structure Wherein the 
?rst portion of the encapsulant material is applied to a 
bumped chip and the second portion is applied over the ?rst 
portion. 
[0067] FIGS. 19-21 illustrate a method for applying solder 
bumps to a chip. 

[0068] FIGS. 22-24 illustrate a method for applying solder 
bumps to a substrate. 

[0069] FIG. 25 illustrates a ?ip-chip structure Wherein the 
?rst portion of the encapsulant material is applied to a 
bumped substrate and the second portion is applied over the 
?rst portion. 

[0070] FIG. 26 illustrates ?ip-chip structure Wherein the 
?rst portion of the encapsulant material is applied to a 
bumped substrate and the second portion is applied over the 
chip. 
[0071] FIG. 27 illustrates ?ip-chip structures of FIG. 22 
and FIG. 23 after solder re?oW and encapsulant hardening. 

[0072] FIG. 28 illustrates a ?ip-chip structure that is 
applied to a Wafer prior to dicing into individual chips. 

[0073] FIG. 29 is the cross section magni?cation of a 
Wafer having the ?ip-chip structure of FIG. 28. 

[0074] FIG. 30 is a graph of a thermal cycle (temperature 
vs. time) used during re?oW. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0075] As illustrated in FIG. 16, an integrated circuit chip 
10 is mounted on a substrate 20. A plurality of solder pads 
12 on the top surface 26 of the substrate is arranged to 
receive corresponding solder bumps 14 that are connected to 
the contact pads 24 of the chip. Each of the solder pads 12 
is metalliZed so as to become solderable and electrically 
conductive to provide an electrical interconnection betWeen 
the chip and the substrate. With this ?ip-chip mounting 
arrangement, a gap 18 is formed around the solder bumps 
betWeen the top surface 26 of the substrate 20 and the 
bottom surface 16 of the chip 10. The gap typically varies 
from 20 to 300 microns in height and is preferably com 
pletely ?lled With encapsulant materials 37 and 39. The 
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encapsulant materials are rigid compositions and comprise 
at least tWo portions 37 and 39. 

[0076] For example, the encapsulant materials can be 
deposited as a multilayer structure With alternating layers of 
materials that have different thermal coefficients of expan 
sion and elastic moduli as further described herein. A 
preferred structure has tWo portions (or layers) 37 and 39. 

[0077] The ?rst portion of the encapsulant 37 comprises a 
hardened layer of a polymer or polymer composite having a 
coef?cient of thermal expansion of at most 30 ppm/° C. and 
a modulus of 2 GPa or more. The second portion 39 
comprises a hardened polymer ?ux Which generally has a 
thermal expansion coef?cient greater than 30 ppm/° C. and 
a modulus that may be less that 2 GPa. The coef?cient of 
thermal expansion and elastic modulus are measured at 
room temperature (i.e., about 25° C.). The thickness of the 
gap 18 composed of ?rst portion 37 is at least equal to the 
thickness of the second portion 39. More preferred, the 
thickness of the ?rst portion 37 is at least 50% more than the 
thickness of the second portion 39, thus having reduced 
effect on the reliability of the ?ip-chip solder interconnec 
tions 14 despite the second portion 39 having generally a 
loWer modulus and higher coefficient of thermal expansion 
than the ?rst portion 37. 

[0078] In most ?ip chip assemblies, the distance betWeen 
the chip and the substrate, Which is encapsulated, ranges 
from about 20 and 300 microns. Further, generally the larger 
the distance, the less the maximum stress on the solder 
joints. To provide for a reliable interconnection, the thick 
ness of the ?rst layer encapsulant is about the same or 
greater than that of the second. Preferably, the thickness of 
the ?rst layer encapsulant ranges from about 10 to 250 
microns. For smaller interconnect pitches, generally a 
smaller encapsulant layer is required. In chips having a 100 
to 250 micron joint pitch, the preferred thickness for the 
encapsulant is 20 to 150 microns; as a corollary, the ?rst 
encapsulant layer thickness preferably is in the range of 
about 10 to 130 microns. The smallest chip pitches Will 
require very thin encapsulant layers. A 50 to 100 micron 
pitch chip Will have a total encapsulant thickness ranging 
from 20 to 75 microns, therefore, a particularly preferred 
thickness for the ?rst encapsulant layer ranges from about of 
10 to 65 microns. 

[0079] In a particularly preferred structure, the volume of 
the ?rst portion 37 is greater than tWo times the volume of 
the second portion 39 and the second portion 39 is no more 
than about 30 microns thick at the thickest point. An 
advantage of constituting the encapsulant With tWo layers is 
that the majority of the under?ll encapsulant has the essen 
tial properties needed to reduce solder joint fatigue, namely, 
a completely solidly-?lled gap 18 betWeen chip 10 and 
substrate 20 With a material 37 generally having a coef?cient 
of thermal expansion at most 30 ppm/° C. and an elastic 
modulus greater than 2 GPa. Yet the thin portion of the 
polymer ?ux 39 provides good solder Wetting and spread 
during re?oW, aiding in self alignment of the chip to the 
substrate metalliZation. 

[0080] In one embodiment of the ?ip chip multilayer 
encapsulant structure, the encapsulant layers exhibit a gra 
dient in thermal expansion and modulus betWeen the sub 
strate and the chip. This means that in an ideal con?guration, 
the encapsulant layer applied to the chip should have an 
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expansion coef?cient and modulus that are nearer to those of 
the chip and the encapsulant layer applied to the substrate 
should have an expansion coef?cient and modulus that are 
nearer to those of the substrate. Overall, the composite 
expansion coef?cient for the entire encapsulant should be 
comparable to the expansion coef?cient of the solder (about 
25 ppm/° C.) to minimize stress on the solder. Since the 
expansion coefficient of the polymer ?ux layer is generally 
greater than about 30 ppm/° C., the expansion coef?cient of 
the ?rst encapsulant layer should be about 10 to 30 ppm/° C. 
Preferably, the ?rst encapsulant layer has an expansion 
coef?cient closer to that of the solder, i.e., 12 to 28 ppm/° C. 
A particularly preferred range is about 18 to 27 ppm/° C. 
Which minimiZes the stress on the solder joint for the ?rst 
encapsulant. Similarly, the modulus should range from about 
2 to 12 Gpa. The highest moduli Will produce the largest 
shear stress on the encapsulant at the chip-to-encapsulant 
interface and may even exceed the adhesive strength of the 
encapsulant. Therefore, a preferred modulus range is about 
3 to 10 GPa and a more preferred range is about 3 to 8 GPa. 

[0081] Referring to FIG. 16, one preferred composition 
for the ?rst portion 37 is a polymer resin that is ?lled With 
a suf?cient amount of silica poWder to produce the desired 
coef?cient of thermal expansion and elastic modulus. Alter 
natively, the ?rst portion comprises a polymer having an 
intrinsically high elastic modulus and loW coef?cient of 
thermal expansion in the plane of the structure as compared 
to the second portion, such as polyimide ?lms sold under the 
trade name UPILEX and available from Oxychem, Grand 
Island, NY. Other conventional encapsulants can be 
employed. Preferably, the ?rst portion comprises a mixture 
comprising silica or alumina poWder and a polymeriZable, 
hardened resin, such as, e.g., an epoxy. 

[0082] A number of ?ux compositions suitable for the 
second portion of the encapsulant 39, are described in US. 
Pat. Nos. 5,376,403, 5,088,189, 5,136,365 and 5,128,746, 
Which are incorporated herein by reference. One type of 
polymer ?ux composition useful for the second portion 39 is 
a mixture of epoxy resins, anhydride or amine curing agents, 
and organic acids such as adipic or malic acid. Such polymer 
?uxes are available commercially as SE-CURE from the 
Kester Solder Company, Des Plaines, Ill. Apreferred com 
position is directed to ?uxing adhesive compositions that 
include a ?uxing agent comprising a single active compo 
nent Which is capable of functioning as both a primary 
?uxing agent and a self-polymeriZing monomer. Generally, 
depending upon the intended end use, the thermally curable 
adhesive composition comprises (a) a ?uxing agent having 
a carboxylic acid group and one or more carbon-carbon 
double bonds capable of self-polymeriZation, (b) a 
crosslinkable diluent capable of polymeriZing With the car 
bon-carbon double bonds of the ?uxing agent, (c) optionally, 
a free-radical initiator, and (d) an epoxide. Such preferred 
compositions are described in US. Pat. Nos. 5,985,456 and 
5,985,043 Which are incorporated herein by reference. 

[0083] FIG. 10 shoWs a ?ip-chip structure prior to being 
assembled. The chip 100, With separate discrete solder 
bumps 108 pre-assembled thereon, is coated With the ?rst 
portion of a tWo-portion encapsulant 11 prior to being 
assembled to the substrate 101. The major encapsulant 
portion 111 comprises a liquid polymer resin that is ?lled 
With inorganic poWder such that after full cure the encap 
sulant portion has a coef?cient of expansion of at most 30 
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ppm/° C. and an elastic modulus greater than 2 GPa. The 
encapsulating material 111 is uniformly spread across the 
surface of the chip and betWeen the solder bumps 108 to 
cover the remainder of the chip. The ?rst portion of encap 
sulant material 111 is applied to the chip in liquid form. 

[0084] The second portion 109 comprises a conventional 
polymer ?ux. The second portion is applied in liquid form to 
the substrate and most preferably remains liquid during the 
re?oW operation. As further shoWn in FIG. 11, the chip 100, 
is then positioned so that the solder bumps 108 face the 
substrate 101 and is aligned With the solder pads 106 of the 
substrate. The chip assembly 100, With its solder bumps 108 
and ?rst portion encapsulant layer 107, is then moved into 
intimate contact With the substrate 101 and solder pads 106, 
respectively, such that the tWo liquid encapsulant portions 
107 and 109 lie betWeen the tWo parts and the tips of the 
solder bumps 108 have been squeeZed through the ?rst 
portion encapsulant 107 and noW reside in the second 
portion encapsulant 109. 
[0085] Finally, as shoWn in FIG. 12, the assembly is then 
heated preferably using convection re?oW technology to 
cure the liquid encapsulants to form encapsulants 110 and 
112 and to re?oW the solder thereby attaching the solder 
interconnections or joints 102 to the contact pads 106 of the 
substrate. The encapsulants 110 and 112 provide a continu 
ous seal betWeen the chip 100 and the substrate 101 com 
pletely engul?ng the solder interconnections 102. In this 
process, most preferably, the encapsulants are essentially 
completely free of entrapped gas bubbles or voids that can 
lead to increased fatigue on the solder interconnections 102 
during subsequent thermal cycling. 
[0086] FIG. 13 shoWs another ?ip-chip structure prior to 
being assembled. The chip 100, With separate solder bumps 
108 pre-assembled thereon, is coated With the ?rst portion of 
a tWo-portion encapsulant 112 prior to assembly to the 
substrate 101 in such a Way that the tips of the solder bumps 
remain exposed. The major encapsulant portion 112 com 
prises a solid polymer resin that is ?lled With inorganic 
poWder such that it has a coefficient of expansion of at most 
30 ppm/° C. and an elastic modulus greater than 2 GPa after 
being fully cured. (The ?rst encapsulant can be, but does not 
need to be, fully cured at this stage.) The ?rst portion 
encapsulating material is ?rst uniformly spread in liquid 
form across the surface of the chip 100 and betWeen the 
solder bumps 108 covering the remainder of the chip 100, 
but leaving the tips of the solder bumps uncoated, then it is 
subsequently hardened. This can be accomplished by stencil 
printing the ?rst portion encapsulant selectively to avoid the 
solder bumps, then hardening it. Another method involves 
?rst applying to the solder bumps 108 a temporary protec 
tive coating that repels the encapsulant to keep the encap 
sulant 112 off the solder bumps 108. A suitable temporary 
coating is the No. 60 screen ?ller available from Ulano, 
Brooklyn, NY. Such temporary coatings can melt aWay or 
dissolve aWay after curing the ?rst portion encapsulant. 
Subsequently, the ?rst portion encapsulant 112 is hardened 
and the temporary coating is removed to expose the solder 
bumps. An alterative method is to apply the ?rst portion 
encapsulant 112 to the chip in liquid form, hardening it, and 
then scrubbing the top surface of the encapsulant 112 off the 
solder bumps 108 by chemical etching or plasma scrubbing. 

[0087] The second portion 109, Which comprises a poly 
mer ?ux as previously described, is applied in liquid form on 
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the substrate 101 or on the pre-encapsulated chip and 
hardened ?rst portion encapsulant 112 and most preferably 
remains liquid during the re?oW operation. The chip 100 is 
then positioned so that the solder bumps 108 face the 
substrate 101 and is aligned With the solder pads 106 of the 
substrate 101. As shoWn in FIG. 14, the chip 100, With its 
solder bumps 108 and ?rst portion encapsulant layer 112, is 
moved into intimate contact With the substrate 101 and 
solder pads 106, respectively, such that the tWo encapsulant 
portions 109 and 112 lie betWeen the tWo parts and the tips 
of the solder bumps 108 noW reside in the second portion 
encapsulant 109. Finally, as shoWn in FIG. 15, the assembly 
is then heated using convection re?oW technology to harden 
the encapsulant 110 and to re?oW the solder, thereby attach 
ing the solder joints 102 to the contact pads 106 of the 
substrate. 

[0088] FIGS. 17 and 18, illustrate techniques Whereby the 
chip 10 With separate discrete solder bumps 14 pre-as 
sembled thereon is precoated With the ?rst portion of a 
tWo-portion encapsulant 37 prior to being assembled to the 
substrate 20. The major encapsulant portion 37 comprises a 
solid polymer resin that is ?lled With inorganic poWder such 
that after full cure the encapsulant portion has a coef?cient 
of expansion of at most 30 ppm/° C. and an elastic modulus 
greater than 2 GPa. The encapsulating material 37 is uni 
formly spread across the surface 16 of the chip 10 betWeen 
the solder bumps 14 covering the remainder of the chip 10. 
The ?rst portion of the encapsulant material 37 is applied to 
the chip in either liquid or laminated adhesive tape form, 
then hardened. The second portion 39 comprises a polymer 
?uX such as those knoWn in the prior art. The second portion 
39 is applied in liquid form to either the chip 10 or the 
substrate 20, as shoWn in FIGS. 18 and 17, respectively. 
HoWever, in either case, the second portion most preferably 
remains liquid during the re?oW operation. Alternately, the 
second portion 39 may be applied as a solid or viscous liquid 
that melts to a loW viscosity liquid during re?oW operation 
to either the chip or substrate as shoWn in FIGS. 18 and 17, 
respectively. 

[0089] Finally, chip 10 is then positioned so that the solder 
bumps 14 face the substrate 20 and aligned With the solder 
pads 12 of the substrate. In both embodiments, the solder 
bumps 14 protrude beyond the ?rst portion encapsulant 37 
after the encapsulant coating step. The chip assembly 10 
With its solder bumps 14 and encapsulant are moved into 
intimate contact With the substrate 20 and solder pads 12, 
respectively, such that the second portion encapsulant 39 lies 
betWeen the tWo parts. The assembly is heated to harden the 
encapsulant 39 and simultaneously re?oW the solder 14 
using convection re?oW technology, preferably in a nitrogen 
blanket, to attach the solder joints that form to the contact 
pads 12 of the substrate 20. Other heating and re?oW and 
curing techniques, knoWn to those skilled in the art, are 
possible. The encapsulant 37 and 39 provides a continuous 
seal betWeen the chip 10 and the substrate 20. 

[0090] FIGS. 19-21 illustrate a method for creating the 
solder bumps Where the ?rst portion of the encapsulant 37 is 
solid and the ?rst portion is applied to the chip 10 prior to 
the solder bumps 30 being applied. Openings 38 are created 
in the solid ?rst portion 37 that eXpose underlying chip 
metalliZation pads 24. These openings 38 can be created by 
printing the ?rst portion 37 With the openings 38 in place or 
by subsequently imaging and developing the ?rst portion 
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encapsulant or drilling the ?rst portion 37 With lasers, 
plasmas, or chemical enchants or other means knoW in the 

art. Alternatively, if the ?rst portion is applied in a laminated 
tape form, the openings may be drilled or punched in the 
tape prior to application to the chip. This Would require that 
the openings in the tape be aligned With the metalliZation 
pads on the chip. The openings 38, being subsequently 
cleared of debris and contaminants by plasma etching, 
chemical etching, ultrasonic cleaning or other methods 
knoWn to the art, are then ?lled With solder 30 by plating or 
solder paste ?lling, as shoWn in US. Pat. No. 5,587,342 and 
European Patent Application 942031675, solder jetting, or 
solder injection molding, as shoWn in US. Pat. No. 5,244, 
143 Which are all incorporated herein by reference. The 
paste method has the advantage of leaving the thick stencil 
layer permanently attached to the chip so that it becomes 
part of the chip under?ll encapsulant. 

[0091] As can be easily appreciated by one of ordinary 
skill in the art, any of the above-described embodiments can 
be modi?ed by precoating the substrate, rather than the chip, 
With the encapsulant or encapsulant and solder combination 
as shoWn in FIGS. 22 through 27. In FIG. 22, the circuitry 
on the top surface 26 of the substrate 20 is coated With the 
?rst portion encapsulant 37. As illustrated in FIG. 23, the 
contact pads 12 on the substrate 20 are eXposed by making 
vias 38 through the ?rst portion encapsulant 37 as described 
previously. Alternately, the ?rst portion encapsulant is 
printed With the vias already formed as shoWn in FIG. 23. 
As illustrated in FIG. 24, the vias 38 Within the ?rst portion 
encapsulant 37 are then ?lled With solder 30 as also 
described previously. In FIG. 25, the substrate solder bumps 
14 and the encapsulant 37 are both coated With the polymer 
?uX encapsulant 39 and the bare chip 10 is positioned to 
align With the solder bumps 14 on the substrate 20 With the 
metalliZed pads 24 on the chip. In FIG. 26, the chip 
metalliZation pads 24 are coated With the polymer ?uX 
encapsulant 39 and the coated chip 10 is positioned to align 
With the bumps 14 With the metalliZed pads 24. The solder 
30 is re?oWed to form the electrical connection betWeen the 
chip 10 and the substrate 20 While the second portion 
encapsulant 39 bonds to the chip 20 and the ?rst portion 37 
to form the structural connection as shoWn in FIG. 27. 

[0092] When implemented to manufacture integrated cir 
cuit chips, the inventive procedure is preferably performed 
prior to dicing the Wafer on Which the chips are fabricated, 
so the application of the encapsulating layers and solder 
bumps is done on many chips simultaneously. For eXample, 
FIGS. 28 and 29 illustrate a Wafer 41 consisting of an array 
of undiced semiconductor chips 40, the ?rst portion encap 
sulant 37 and the solder-?lled openings 14 applied to the 
Wafer metalliZation pads 12 on the surface of the Wafer 20. 

[0093] The present invention also provides chips With 
under?lling encapsulants pre-coated and pre-assembled on 
the chips for assembly to a substrate, Wherein the encapsu 
lant consists of more than one layer or portion, each portion 
performing one or more distinct functions such as adhesion, 

stress reduction, electrical redistribution, reWorkability, or 
other functions. 
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EXAMPLE 1 

(Preparation of Encapsulant that is suitable for use 
as the Second Portion Encapsulant 39 in FIG. 16) 

[0094] The entitled encapsulant, comprising a polymer 
?ux, Was prepared from a mixture that contained: 

[0095] 1. 25 grams bisphenol A glycerolate di(2-octen 
1-ylsuccinic) acid monoester; 

[0096] 2. 12.5 grams of bisphenol A epoxy; and 

[0097] 3. 4 grams of glycidyl 4-nonylphenyl ether. 

[0098] This composition Was mixed and cured for 4 hours 
at 165° C. It produced a solid having a thermal coef?cient of 
expansion of about 180 ppm/° C. 

EXAMPLE 2 

(Preparation of TWo-Portion Liquid Under?ll 
Encapsulants Applied Before Assembly) 

[0099] A set of ten ?ip chip assemblies Was fabricated. 
Speci?cally, a bumped semiconductor chip, part FBT-250 
available from Flip Chip Technologies, Phoenix, AriZ., Was 
coated With a ?rst portion liquid encapsulant 111 as shoWn 
FIG. 10. The ?rst portion of the encapsulant consisted of a 
liquid layer, approximately 50 to 75 microns thick, that 
covered the underside of the chip and the solder bumps 
completely. It Was formed from a mixture that contained: 

[0100] 
[0101] 
[0102] 
[0103] 4. Tert-butyl peroxide 0.06 Weight %; 

[0104] 5. Glass spheres 40 Weight % (Aldrich catalog 
No. 44,034-5); and 

[0105] 6. Bisphenol A glycerolate di(2-octen-1-ylsuc 
cinic) acid monoester 20.94 Weight %. 

1. Bisphenol A epoxy 15 Weight %; 

2. Glycidyl 4-nonylphenyl ether 6 Weight %; 

3. Pentaeryethritol triacrylate 18 Weight % 

[0106] The composition Was mixed and cured for 4 hours 
at 165° C. It produced a solid having a thermal coef?cient of 
expansion of less than 30 ppm/° C. and a storage modulus 
of greater than 2 GPa. 

[0107] Separately, a printed circuit board substrate Was 
fabricated With a matching pattern of solderable gold-plated 
copper pads, consisting of approximately 0.8 mm thick BT 
resin/glass laminate With approximately 30 microns of cop 
per foil. The printed circuit had a solder mask Which de?ned 
the matching soldering pads to be betWeen 170-200 microns 
on each side, the solder mask comprising Morton Dynachem 
Conformask. The printed circuit board substrate Was baked 
overnight at 120° C. then baked for 1 hour at 160° C. prior 
to assembly to expel moisture and trapped volatiles. Subse 
quently, the board Was kept in a dessicator until used for 
assembly. Alayer of the second portion liquid encapsulant of 
Example 1, approximately 30 microns thick, (corresponding 
to layer 109 of FIG. 10) Was carefully applied to the printed 
circuit substrate With a stencil so as to avoid creating air 
bubbles in the printed layer. 

[0108] As in FIG. 11, the solder bumps 108 on the chip 
Were aligned to the metalliZation pads 106 on the substrate 
and the tWo parts Were squeeZed together thereby moving 
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the solder 108 bumps into intimate contact With the solder 
ing pads 106. During this operation, care Was taken so as not 
to entrap any air in the interface betWeen the substrate and 
chip. The solder Was then re?oWed in a convection/infra-red 
belt oven having a thermal re?oW cycle as shoWn in FIG. 
30. The process caused the solder bumps to melt and Wet the 
metalliZed soldering pads and also to harden the tWo encap 
sulant portions, as shoWn in FIG. 12. Subsequently, the 
assemblies Were post-cured for 2 hours at 165° C. 

[0109] The assemblies Were found to produce electrical 
interconnections at each and every soldering bump and pad, 
as demonstrated by electrical continuity testing. The assem 
blies Were tested in an acoustic microscope to detect any 
voids left in the encapsulant, and none Was found. Trans 
mission x-ray testing indicated all the chip’s solder bumps 
had aligned With the pads on the substrates. Five assemblies 
Were tested for adhesion and solder Wetting by shearing the 
chips from the substrates. The force needed to separate the 
assemblies Was so great that it required use of a hammer and 
chisel. Separation of the chip from the assembly revealed 
most of the encapsulant remained attached to the substrates. 
The solder bumps Were entirely remaining attached to the 
metalliZation pads after shearing the assemblies, leaving no 
visible solder on the chips. Three of the remaining assem 
blies Were cross sectioned and examined under high mag 
ni?cation. The cross sections revealed that the solder bumps 
had completely melted and engulfed the top and sides of the 
metalliZation pads on the substrate, a con?rmation of good 
solder Wetting. The remaining tWo assemblies Were sub 
jected to 525 hours of highly accelerated stress testing 
(HAST), Which consisted of constant 120° C., greater than 
85% relative humidity and pressures exceeding 200 KPa. 
Neither of the parts failed as determined by electrical 
continuity measurements. A similar assembly fabricated 
With a commercial under?ll encapsulant Was found to fail 
the same test at 400 hours, indicating that the inventive 
assembly Was more durable than the prior art under?ll 
encapsulant assembly. 

EXAMPLE 3 

(Preparation of Encapsulant that is Suitable for use 
as the ?rst Portion Encapsulant 37 in FIG. 16) 

[0110] 2-allyl phenyl glycidyl ether Was synthesiZed by 
heating 2-allyl phenol and 10 times excess molar ratio 
epichlorohydrin (EPH) to 115° C. under nitrogen in the 
presence of aqueous sodium hydroxide (NaOH). During the 
reaction, Water Which must be removed is formed by the 
reaction betWeen 2-AP and EPH. Since Water and EPH form 
an aZeotrope, Water Was removed from the reaction by 
aZeotropic distillation, Which to drives the reaction forWard. 
Collected EPH Was returned as needed to the mixture to 
prevent undesirable side reactions. After 4 hours, the result 
ant salts Were separated from the product. The product Was 
then puri?ed by extraction of the oil phase With toluene, 
folloWed by removing the excess EPH and aqueous phase 
With toluene, Which Was also used as an aZeotropic agent. 
The product obtained Was a thin, yelloWish, transparent 
liquid. Yield Was about 90%. Distillation at loW pressure 
(0.3 mm of Hg) yielded a Water White mobile liquid, 
identi?ed as 2-allyl phenyl glycidyl ether, With a boiling 
point of 72-72° C. 
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[0111] A resin mixture of this product Was then prepared 
and it contained: 

[0112] 1. 32.54 Weight % bisphenol A epoxy; 

[0113] 2. 22.46 Weight % cyanate ester resin; 

[0114] 3. 28.69 Weight % cyanate ester resin; 

[0115] 4. 6.49 Weight % bismaleimide resin; 

[0116] 5. 6.89 Weight % 2-allyl phenyl glycidyl ether; 

[0117] 6. 0.5 Weight % silane; and 

[0118] 7. 2.88 Weight % of a pre-mixed solution con 
sisting of 4 Weight % copper (II) acetyl acetonate 
catalyst in 96 Weight % DEN 438 epoxy resin. 

[0119] In preparing this mixture, the bismaleimide and 
2-ally phenyl glycidyl ether Were mixed ?rst and stirred at 
115° C. for 5 hours. The mix Was cooled to 90° C. and the 
remaining ingredients added and mixed thoroughly-until the 
solution cleared-one by one, the last added being the copper 
catalyst solution. 

[0120] Next, another mixture of dry ?ller poWder Was 
prepared and it contained: 

[0121] 1. 28.24 grams of Min-U-Sil 40 silica poWder 
(U.S. Silica); 

0122 2. 10.66 rams of H50/1000 EPX lass bubbles g g 

(3M Co.); 
[0123] 3. 25.58 grams of W410 Zeeosphere silica-alu 

mina spheres (3M Co.). 

[0124] 64.48 grams of the dry poWder mixture Was 
blended by hand With 35.52 grams of the resin mixture made 
above. After rough blending, the mixture Was further mixed 
for 10 minutes at 50 rpm at 50° C. in a Brabender roller 
blade mixer. The mix Was then degassed in vacuo at 60-80° 
C. for one hour. AHegman grind gauge Was used to con?rm 
the absence of aggregates in the mixture. This ?rst portion 
encapsulant composition Was mixed and cured for 2 hours at 
165° C. and found to have produced a solid having a thermal 
coef?cient of expansion of about 25-30 ppm/° C. and a 
storage modulus of greater than 2 GPa. 

EXAMPLE 4 

(Preparation of a One-Portion Solid and 
One-Portion Liquid Under?ll Encapsulants Applied 

Before Assembly) 

[0125] A set of ten ?ip chip assemblies Was produced as 
folloWs: 

[0126] A bumped semiconductor chip, part FBT-250 Was 
coated With the ?rst portion liquid encapsulant produced in 
Example 3. The ?rst portion of the encapsulant consisted of 
a liquid layer, approximately 50 to 60 microns thick, that 
covered the underside of the chip but Was applied through a 
stencil to leave the solder bumps completely exposed. The 
?rst portion encapsulant Which Was applied to the ?ip chip 
Was subsequently hardened by heating in an oven for 1 hour 
at 165° C. 

[0127] Separately, a printed circuit board substrate Was 
fabricated With a matching pattern of solderable gold-plated 
copper pads, as described in Example 2. The printed circuit 
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board substrate Was baked overnight at 120° C. then baked 
for 1 hour at 160° C. prior to assembly to expel moisture and 
trapped volatiles. Subsequently, the board Was kept in a 
dessicator until used for assembly. A layer of the second 
portion liquid encapsulant prepared in Example 1, approxi 
mately 40 microns thick, Was applied to the printed circuit 
substrate by means of a stencil. 

[0128] As in FIG. 14, the solder bumps 108 on the chip 
Were aligned to the metalliZation pads 106 on the substrate 
and the tWo parts Were squeeZed together, putting the solder 
108 bumps into intimate contact With the soldering pads 106. 
The solder Was then re?oWed in a convection/infra-red belt 
oven having a thermal re?oW cycle (FIG. 30) Which Wetted 
the solder bumps to the metalliZed soldering pads and 
hardened the second portion encapsulant (FIG. 15). Subse 
quently, the assemblies Were post-cured for 2 hours at 165° 
C. 

[0129] The assemblies Were found to produce electrical 
interconnections at each and every soldering bump and pad, 
as demonstrated by electrical continuity testing. The assem 
blies Were tested in an acoustic microscope to detect any 
voids left in the encapsulant, and only one Was found. Five 
assemblies Were tested for adhesion and solder Wetting by 
attempting to shear the chips from the substrates. It Was 
found impossible to separate the chips from the assemblies 
Without completely destroying the chip, even When a ham 
mer and chisel Were employed as in Example 1. This 
indicated that the adhesion of the encapsulant to the chip Was 
greater than the intrinsic strength of the chip itself. Three of 
the remaining assemblies Were cross sectioned and exam 
ined under high magni?cation. The cross sections revealed 
that the solder bumps had completely melted and engulfed 
the top and sides of the metalliZation pads on the substrate, 
a con?rmation of good solder Wetting. 

EXAMPLE 5 

(Preparation of One-Portion Solid Under?ll 
Encapsulant Applied Before Assembly, Drilled and 

Filled With Solder) 

[0130] An unbumped semiconductor Wafer, comprised of 
part FBT-250 chips, Was obtained With a vanadium-copper 
underbump metalliZation and a silicon nitride passivation 
layer. The Wafer Was coated by stencil printing With the ?rst 
portion liquid encapsulant produced in Example 3, except 
ing no poWder ?ller Was employed. The ?rst portion of the 
encapsulant consisted of a liquid layer, approximately 75 
microns thick, that covered the entire underside of the Wafer 
including the metalliZed pads. The ?rst portion encapsulant 
Was subsequently hardened by heating in an oven for 2 hours 
at 165° C. 

[0131] Openings Were created in the ?rst portion encap 
sulant by laser drilling. An excimer laser Was employed 
operating at 248 nanometers With a focused spot diameter of 
113 microns and a shot poWer of 0.13 to 0.25 Joules/cm2. 
BetWeen 400 and 500 shots Were used to drill each opening, 
taking care not to penetrate into the metalliZation. Drilling 
Was done in a helium jet. The openings created Were 95-110 
microns at the surface of the encapsulant and tapered doWn 
to about 70-80 microns at the surface of the Wafer. The 
openings in the solid ?rst portion exposed the underlying 
chip metalliZation pads. 








