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FLIP CHIP WITH INTEGRATED FLUX AND 
UNDERFILL 

FIELD OF THE INVENTION 

[0001] The present invention relates to a novel ?ip chip 
design. More particularly, the present invention relates to a 
?ip chip Which incorporates solder bumps, ?ux and an 
under?ll material, Wherein the ?ux and under?ll are pro 
vided by a single material capable of providing both ?ux and 
under?ll properties. 

BACKGROUND OF THE INVENTION 

[0002] In the electronics industry, electrical components 
such as resisters, capacitors, inductors, transistors, inte 
grated circuits, chip carriers and the like are typically 
mounted on circuit boards in one of tWo Ways. In the ?rst 
Way, the components are mounted on one side of the board 
and leads from the components extend through holes in the 
board and are soldered on the opposite side of the board. In 
the second Way, the components are soldered to the same 
side of the board upon Which they are mounted. These latter 
devices are said to be “surface-mounted.” 

[0003] Surface mounting of electronic components is a 
desirable technique in that it may be used to fabricate very 
small circuit structures and in that it lends itself Well to 
process automation. One family of surface-mounted 
devices, referred to as “?ip chips”, comprises integrated 
circuit devices having numerous connecting leads attached 
to pads mounted on the underside of the device. In connec 
tion With the use of ?ip chips, either the circuit board or the 
chip is provided With small bumps or balls of solder (here 
after “bumps” or “solder bumps”) positioned in locations 
Which correspond to the pads on the underside of each chip 
and on the surface of the circuit board. The chip is mounted 
by (a) placing it in contact With the board such that the solder 
bumps become sandWiched betWeen the pads on the board 
and the corresponding pads on the chip; (b) heating the 
assembly to a point at Which the solder is caused to re?oW 
(i.e., melt); and (c) cooling the assembly. Upon cooling, the 
solder hardens, thereby mounting the ?ip chip to the board’s 
surface. Tolerances in devices using ?ip chip technology are 
critical, as the spacing betWeen individual devices as Well as 
the spacing betWeen the chip and the board is typically very 
small. For example, spacing of such chips from the surface 
of the board is typically in the range of 0.5-3.0 mil and is 
expected to approach micron spacing in the near future. 

[0004] One problem associated With ?ip chip technology 
is that the chips, the solder and the material forming the 
circuit board often have signi?cantly different coef?cients of 
thermal expansion. As a result, differing expansions as the 
assembly heats during use can cause severe stresses, i.e., 
thermomechanical fatigue, at the chip connections and can 
lead to failures Which degrade device performance or inca 
pacitate the device entirely. 

[0005] In order to minimiZe thermomechanical fatigue 
resulting from different thermal expansions, thermoset 
epoxies have been used. Speci?cally, these epoxies are used 
as an under?ll material Which surrounds the periphery of the 
?ip chip and occupies the space beneath the chip betWeen 
the underside of the chip and the board Which is not 
occupied by solder. Such epoxy systems provide a level of 
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protection by forming a physical barrier Which resists or 
reduces different expansions among the components of the 
device. 

[0006] Improved under?ll materials have been developed 
in Which the epoxy thermoset material is provided With a 
silica poWder ?ller. By varying the amount of ?ller material, 
it is possible to cause the coef?cient of thermal expansion of 
the ?lled epoxy thermoset to match that of the solder. In so 
doing, relative movement betWeen the underside of the ?ip 
chip and the solder connections, resulting from their differ 
ing coef?cients of thermal expansion, is minimiZed. Such 
?lled epoxy thermosets therefore reduce the likelihood of 
device failure resulting from thermomechanical fatigue dur 
ing operation of the device. 

[0007] While under?ll has solved the thermal mismatch 
problem for ?ip chips on printed circuit boards, it has 
created signi?cant dif?culties in the manufacturing process. 
For example, the under?ll must be applied off-line using 
special equipment. Typically, the under?ll is applied to up to 
three edges of the assembled ?ip chip and alloWed to ?oW 
all the Way under the chip. Once the material has ?oWed to 
opposite edges and all air has been displaced from under the 
chip, additional under?ll is dispensed to the outer edges so 
as to form a ?llet making all four edges symmetrical. This 
improves reliability and appearance. Next, the assembly is 
baked in an oven to harden the under?ll. This process, Which 
may take up to several hours, is necessary to harden and 
fully cure the under?ll. Thus, although the under?ll solves 
the thermal mismatch problem and provides a commercially 
viable solution, a simpler manufacturing method Would be 
desirable. 

[0008] Recently, attempts have been made to improve and 
streamline the under?ll process. One method that has shoWn 
some commercial potential involves dispensing under?ll 
before assembling the ?ip chip to the board. This method 
requires that the under?ll alloW solder joint formation to 
occur. Soldering of ?ip chips to printed circuit boards is 
generally accomplished by applying ?ux to the solder bumps 
on the ?ip chip or to the circuit pads on the printed circuit 
board. Thus, it has been suggested to use an under?ll that is 
dispensed ?rst, prior to making solder connections. In order 
to facilitate solder bonding, hoWever, the under?ll must 
contain ?ux or have inherent properties that facilitate solder 
joint formation. Flux is used since the pads on printed circuit 
boards often oxidiZe, and since solder bumps on ?ip chips 
are alWays oxidiZed. Thus, the ?ux is designed to remove the 
oxide layers facilitating solder joint formation. 

[0009] Certain under?lls commonly called “dispense ?rst 
under?lls” have been designed With self-contained ?ux 
chemistry. Unfortunately, the properties required for a good 
?ux and those required for a good under?ll are not totally 
compatible. As such, a compromise of properties results. 
The best ?ux/under?ll materials typically require more than 
an hour to harden. 

[0010] Additionally, ?ux-containing under?lls still require 
the use of special equipment including robot dispensing 
machines. Also, since solder assembly and under?ll appli 
cation are combined into a single step, the ?ip chip cannot 
be tested until the assembly is complete. Thus, if the chip 
does not operate satisfactorily, it cannot be removed because 
the under?ll Will have hardened, thereby preventing reWork 
mg. 
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[0011] Finally, certain problems have been found to arise 
When applying ?ux/under?ll materials to bumped surfaces 
of ?ip chips. The problems result because the rough surface 
geometry of the bumped surface is not readily amenable to 
the application of ?uids, particularly those having high 
viscosity. Thus, providing the ?ux/under?ll directly onto a 
bumped surface raises at least the possibility of discontinui 
ties and air bubbles forming during the ?ux/under?ll appli 
cation process. Furthermore, by eliminating bumping prior 
to application of the ?ux/under?ll layer, it may be possible 
to eliminate process steps, thereby streamlining the manu 
facturing process While providing chip makers With greater 
design and manufacturing ?exibility. 

[0012] In vieW of the above, a need still exists for a more 
e?icient process that reduces the need for expensive equip 
ment and that is compatible With existing electronic device 
assembly lines. Aneed for a reWorkable under?ll also exists. 
A further need exists for a ?ux/under?ll material that can 
harden quickly While offering both excellent ?uxing prop 
erties and excellent under?ll properties. 

SUMMARY OF THE INVENTION 

[0013] The present invention relates to an integrated cir 
cuit assembly comprising a semiconductor Wafer Which 
includes solder bumps and an under?ll material Which also 
has ?uxing properties. In a broad sense, the invention relates 
to an integrated circuit assembly Which includes a substrate 
having a plurality of solderable contact sites on one surface 
and a plurality of solder bumps positioned on that surface 
such that each of the solderable contact sites has one solder 
bump associated With and a?ixed to each solderable contact 
site. Each site further includes an under?ll material Which 
occupies the space de?ned betWeen each of the solder 
bumps. The under?ll material is characteriZed in that it also 
offers ?uxing properties When heated to the process tem 
peratures at Which chips formed from the Wafer are a?ixed 
to circuit boards and the like. Unlike previous methods in 
Which it Was desirable to have portions of the solder bumps 
extend through the under?ll to alloW ?ux to be applied, in 
the present invention, the under?ll material may completely 
cover the solder bumps since the under?ll material itself acts 
as a ?ux. 

[0014] The present invention also relates to a method for 
making an integrated circuit assembly Which includes the 
steps of providing a substrate having a plurality of solder 
able contact sites on a surface thereof and a Wafer having 
solder bumps applied to one surface. An under?ll material is 
applied to the surface of the Wafer having the solder bumps. 
The resulting Wafer is characteriZed in that the under?ll 
occupies the space de?ned betWeen each of the solder 
bumps and also covers the bumps, thereby providing a ?ux 
on the portion of each solder bump Which Will be contacted 
With a substrate during chip mounting. 

[0015] Lastly, the invention relates to a process for a?ixing 
a ?ip chip to a circuit board. The method involves providing 
a printed circuit board having a plurality of solderable 
contact sites on a surface, providing an integrated circuit 
chip of the type described above (i.e., a chip having solder 
bumps and a ?ux-integrated under?ll material present on its 
surface), and positioning the integrated circuit chip relative 
to the printed circuit board such that each solder bump is in 
contact With a solderable contact site on the printed circuit 
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board. Once positioned, the integrated circuit chip assembly 
is heated to a temperature sufficiently high to melt the solder 
and the under?ll material. Molten portions of the under?ll 
provide ?uxing properties for the solder. Subsequently, the 
assembly is alloWed to cool to a temperature Which alloWs 
the solder and under?ll material to solidify. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a schematic representation of a portion of 
a semiconductor Wafer having solder bumps applied to its 
surface. 

[0017] FIG. 2 is a schematic representation of a portion of 
a semiconductor Wafer having solder bumps applied to its 
surface and a ?ux/under?ll material applied over the solder 
bumps. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] The present method provides a unique method of 
applying and under?ll to a ?ip chip Wafer. In particular, in 
the present invention, a coatable solution of solid materials 
is applied to a ?ip chip that has solder bumps already 
attached to the integrated circuit connection pads. The 
material is made up of one or more epoxy resins, such as the 
preferred bisphenol A, and one or more hardeners that have 
?uxing properties. Such ?uxing properties include primarily 
the ability to reduce metal oxides found on printed circuit 
conductor pads and on the surface of solder and bare metal. 
The hardeners are selected from the chemical classes of 
carboxylic acids and acid anhydrides. The hardener may be 
one or more materials selected from one or both of these 

classes. Thus, the hardener may be a mixture of several 
carboxylic acids and several acid anhydrides. 

[0019] Other additives, such as Wetting agents, thixotropic 
agents, tacki?ers, polymeriZation catalysts, polymeriZation 
inhibitors, loW levels of cross-linking agents, conventional 
?uxes and solvents may also be used. 

[0020] The under?ll material is further provided With a 
predetermined amount of an appropriate ?ller to provide the 
under?ll With a coefficient of thermal expansion (CTE) that 
approximates that of the solder joints Which Will be formed 
by the bumps. A mineral ?ller such as silicon dioxide is 
preferred. The preferred CTE of the resulting under?ll 
material is approximately 25 ppm/° C., although values of 
up to about 45 ppm/° C. are also envisioned. Even after 
processing the CTE of the under?ll cannot become greater 
than about 60 ppm/° C., because this can cause detrimental 
thermomechanical stresses at the solder joints. The preferred 
?ller material is spherical and has a diameter less than the 
high of the solder bumps that Will be applied to the Wafer. 
Thus, as typical ?ller ranges in siZe from about 3 microns to 
about 15 microns. While silicon dioxide is preferred because 
of its ready availability, other non-electrically conductive 
materials such as aluminum nitride, aluminum oxide and 
beryllium oxide can be use as Well. 

[0021] A solvent, or solvent blend, Which is compatible 
With each of the components is selected. Among the suitable 
solvents are included many common oxygenated, nitrogen 
containing solvents as Well as many polar aromatic solvents. 
The particular solvent system chosen should have evapora 
tion and boiling points that alloW removal of the solvent in 
the environment of a drying oven once the Wafer is coated 
With the under?ll material. 
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[0022] In one embodiment of the present invention, the 
?ux/under?ll material should provide an under?ll Which is 
reWorkable following chip mounting. As such, the resulting 
under?ll material must be a thermoplastic or a thermoset 
With a relatively loW cross-link density. In contrast, conven 
tion under?lls are typically highly cross-linked polymers 
that cannot be softened, post-mounting, to alloW removal or 
reWorking of a faulty chip. Of course, While a reWorkable 
under?ll is desirable in one embodiment of the present 
invention, it should be understood that the invention is not 
intended to be limited as such. Rather, a permanent thermo 
set composition, achieved by adding hardeners that produce 
substantial cross-linking may be used as Well. Such non 
reWorkable under?lls offer potential for use in applications 
in Which high operational temperatures are likely, such as in 
automotive and aerospace applications. 

[0023] The under?ll solution can be formulated to have 
the correct rheology for application to the Wafer using any 
of a number of methods. For eXample, since the ratio of 
solvent to solids in the solution determines the viscosity of 
the solution, it is possible to formulate under?ll solutions 
that can be applied using different methods. Since the 
solvent is substantially entirely evaporated after application 
of the under?ll solution to the Wafer, the resulting, solid 
under?ll layer can have the composition regardless of the 
initial viscosity and percent solids of the under?ll solution. 
This results because the solvent acts simply as a vehicle for 
carrying the solids during under?ll application. 

[0024] In one method, the under?ll solution can be applied 
by spin coating, a common semiconductor processing 
method in Which liquid is deposited onto a spinning Wafer in 
order to provide a smooth and level coating. An under?ll 
having a viscosity in the range of about 80-85 Kcps, 
measured at 2.5 RPM using an RVT #6 spindle on a 
Brook?eld viscometer, has been found to give good results. 
When applied to a Wafer, a Wafer spin rate of about 1200 
RPM yields a smooth coating. 

[0025] A second method is stencil printing. This method 
requires a more viscous material that is produced using less 
solvent. The thiXotropic indeX, (i.e., change in viscosity as a 
result of mechanical shearing), can also be adjusted, using 
thiXotropic additives, to improve printing characteristics. 
The thickness of the stencil determines the amount of 
material applied to the Wafer. That notWithstanding, the 
stencil should be thicker than the bump height so that the 
blade applying the under?ll material does not contact the 
bumps. If such contact does occur, damage to the bumps or 
even displacement of the bumps may occur. 

[0026] It is preferred that the thickness of the dried under 
?ll material be less than the height of the solder bumps to 
alloW for collapse of the bumps during the attachment 
process. In one preferred embodiment, the dried under?ll 
material Will have a height in the range of about 50-80%, and 
more preferably, about 60-70% that of the bumps. The 
amount of solvent contained in the under?ll solution deter 
mines the amount of thickness reduction that occurs in the 
under?ll during drying and solvent evacuation. Thus, it is 
necessary to consider both the stencil thickness and the 
solvent percent of the under?ll solution in order to precisely 
control the thickness of the applied under?ll. A dry under?ll 
thickness range of about 25 to about 125 microns is suitable 
and Will depend on the height of the bumps to be produced 
at a later stage. 
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[0027] It should be understood that While spin coating and 
stencil printing are preferred, many other methods can be 
used to apply the under?ll to the layer. These include, but are 
not limited to, needle deposition, spraying, screen printing 
and others. 

[0028] Alternatively, the coating composition can be cast 
onto a release paper and then dried into a ?lm. The resulting, 
meltable ?lm can be cut into a proper shape, called a 
preform, and applied to the Wafer. Heating, With the appli 
cation of pressure, Will cause the under?ll layer to bond to 
the Wafer. Mild heating Would cause the ?lm to melt and 
bond to the Wafer Without activating the ?uXing properties or 
causing polymeriZation. One advantage of a solid ?lm is that 
it can be easily shipped, conveniently stored, and applied by 
simple mechanical handling equipment. 

[0029] Unlike systems Which employ a separate ?uX and 
under?ll, the present system alloWs the under?ll material to 
cover the solder bumps since it offers ?uXing properties as 
Well as under?ll properties. In fact, it is preferred that the 
material cover the bumps because, in so doing, the bumps 
Will be protected from oxidation, contamination and 
mechanical damage. Each of the application methods 
described above has the capability of covering the bumps 
With the under?ll material. 

[0030] The coating is then dried by heating it in an oven 
or by direct heating of the Wafer. It has been found to be 
advantageous to heat the Wafer While simultaneously using 
a forced hot air oven to help drive solvent out of the coating. 
Combined top and bottom heating can eliminate any ten 
dency to trap solvent in the under?ll layer by a process 
knoWn as “skinning” in Which the surface of the under?ll 
material dries prematurely and forms a ?lm (i.e., a skin) that 
acts as a barrier to further solvent evacuation. If drying is 
carried out properly, the resulting under?ll material is non 
tacky and amenable to handling. 

[0031] In some cases, it may be desirable to alloW the 
under?ll material to maintain a slight degree of tackiness. 
For example, a tacky surface may be used to hold a chip in 
position prior to the solder re?oW process. In these 
instances, tackiness may be provided by adding a tacki?er to 
the composition. 

[0032] At this stage, the Wafer is ready to be diced, or 
singulated, to produce individual ?ip chips. Any of a Wide 
variety of the methods knoWn in the art for dicing Wafers can 
be employed to that end. The sole requirement of the 
inventive Wafers is that the process be such that it does not 
interfere With the under?ll material applied to the Wafer/chip 
surfaces. In one embodiment, dicing can be achieved by 
attaching the Wafer to a holding tape and then sectioning the 
Wafer using a DISCO saW operating at a speed of about 
30,000 rpm using a 5 micron diamond. Water jet cooling is 
used to keep the temperature at the cut beloW the softening 
point of the ?lm. The individual die or chip can then be 
picked off the tape and placed into Waffle packs, tape and 
reel packaging, or other convenient die presentation systems 
used in the industry. 

[0033] Once diced, individual ?ip chips may noW be 
bonded to circuit boards and the like. The ?ip chip is placed 
and aligned to the bond pads of a substrate. As used herein, 
the term “substrate” is intended to mean a circuit board, a 
chip carrier, another semiconductor device or a metal lead 
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frame. It is not necessary to add ?ux, although ?ux may be 
added for special reasons such as compensating for exces 
sive oxide on substrate pads, or the need to hold the ?ip chip 
in place during assembly. 

[0034] The positioned chip is then run through a solder 
re?oW line commonly used for assembly. Amulti-Zone oven, 
With individual heat controls that permit a heating pro?le is 
preferred. The ?ux melts at a temperature ranging from 
about 80° C. to about 140° C. The melting point is deter 
mined by selecting ?uxes having epoxy resins With the 
appropriate melting point. The ?ux/hardener, formed of one 
or more carboxylic acids, one or more acid anhydrides, or a 
combination of both, reduces oxides present on the solder or 
the metal surface in contact With the solder and alloWs solder 
joints to form at the substrate pads. The lique?ed ?ux/ 
under?ll also Wets the substrate and begins to bond. As the 
ambient temperature increases, (by moving the assembly 
into hotter oven Zones), the ?ux-hardener reacts With the 
epoxy resins to form a mostly linear, or thermoplastic, 
polymer With a ?nal softening point of at least 130° C. and 
up to about 190° C. The ?nal softening point is determined 
by the melting point of the initial resins and the particular 
type or hardener selected. The ?nal temperature should be 
selected so that it is not so loW that the under?ll material 
softens during device use, nor should it be so high as to 
result in excessive reWorking temperatures. 

[0035] In one embodiment, a small amount of a multi 
functional hardener, i.e., a cross-linking agent, can be added 
to further increase the softening point of the resulting 
under?ll. It is desirable, hoWever, to keep the softening point 
loW enough so that the resulting under?ll can still be 
softened upon heating to alloW the ?ip chip to be removed. 
In contrast, if reWorkability is not required, and if the Work 
environment of the chip is expected to be subject to high 
temperatures, a full thermosetting system can be employed. 
This can be achieved by adding a substantial amount of 
cross-linking agent or through the use of multifunctional 
resins and hardeners. 

[0036] The heating process, used in the re?oW-soldering 
step, converts the Wafer-layer material from a ?ux to an 
under?ll. The entire process takes place in the re?oW oven. 
As such, the present invention alloWs the use of standard 
surface mount technology Without the added equipment or 
added steps that are required for conventional ?ip chip 
under?ll processes. 

[0037] Alternatively, a standard ?ip chip bonder that can 
apply heat and pressure can be employed instead of the 
re?oW oven. In that embodiment, the ?ip chip coated With 
the ?ux/under?ll is placed into contact With the conductive 
pads on the circuit board and heat from the bonder head Will 
activate the ?ux, form joints by re?oWing the solder bumps, 
and cause the under?ll and ?ux system to bond tightly to the 
board. The use of a standard ?ip chip bonder Would alloW a 
?ip chip to be assembled to a board that already contained 
mounted components. This method could also be used to 
assemble a chip at a site that is being reWorked. 

[0038] ReWorking is desirable in situations in Which a chip 
mounting step has failed to properly position the chip on the 
board. Speci?cally, the assembly of ?ne pitch, high-density 
components can result in misalignments and failed connec 
tions. Furthermore, since it is dif?cult to fully test an 
unpackaged device such as a ?ip chip, it becomes desirable 
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to be able to remove the chip if ?nal testing indicates that the 
chip is not operating optimally, either through a fault With 
the chip or as a result of improper mounting. Thermoset 
under?lls do not alloW the assembly to be reWorked since 
thermosets cannot be melted once they have crosslinked. 

[0039] The present invention eliminates the problems 
associated With thermoset under?lls by incorporating a 
thermoplastic resin as the main component of the under?ll. 
Thus, the chip can be removed by raising the chip tempera 
ture to above the melting point of the solder (approximately 
183° C. for tin/lead solder) and above the de-bonding 
temperature of the under?ll resin. Typically, the reWork 
temperature must be above the solder re?oW temperature, 
but less than about 220° C. depending on the circuit sub 
strate. An average reWork temperature Would be about 200° 
C. The temperature can be higher if localiZed heat is used; 
for example, in an alternate embodiment, a chip bonder 
could be used to remove chips from a substrate post 
bonding. In still another embodiment, the under?ll may also 
include a B-staged thermoset that Will de-polymeriZe at an 
elevated temperature. 

[0040] The invention can be further understood With ref 
erence to the attached Figures. As can be seen schematically 
in FIG. 1, a semiconductor device 10 comprises a portion of 
a semiconductor Wafer 12 having solder bumps 14 applied 
to its surface. Subsequently, as represented schematically in 
FIG. 2, the device 10 has had a ?ux/under?ll material 16 
applied to the surface of the Wafer 12 having the solder 
bumps 14. The under?ll material 16 occupies at least the 
spaces betWeen the bumps 14 and also covers the bumps. 

[0041] The folloWing Examples Will help to illustrate the 
invention further. 

EXAMPLES 

[0042] Example 1: Flux/Under?ll Preparation 

[0043] 20.4% by Weight bisphenol A epoxy resin (Ciba, 
GT7074) Was blended With 24.4% by Weight dipropylene 
glycol methyl ether acetate (DoW). 0.7% by Weight polya 
mide thixotropic agent (King Industries, Disparlon 6650) 
Was dispersed in the epoxy resin solution at 65° C. for 15 
minutes. The blend Was cooled to 25° C. and 5.4% by Weight 
1,4-cyclohexane dicarboxylic acid, 0.4% by Weight 2,4,6 
triamino pyrimidine, 48.5% by Weight 5-micron silica ?ller 
(LE-05, from Tatsumori Ltd., Tokyo, Japan), and 0.2% by 
Weight epoxy silane (TS-100 from OSI Specialties, Friendly, 
W.Va.), Were dispersed in the blend at high shear. 

[0044] Example 2: Flux/Under?ll Preparation 

[0045] This material Was prepared in a manner similar to 
that of Example 1, hoWever, 25% by Weight bisphenol A and 
20% by Weight dipropylene glycol methyl ether acetate, 
Were substituted for those amounts provided above. 2% by 
Weight hydrogenated castor oil Was substituted for the 
polyamide thixotropic agent. Additionally, folloWing the 
cooling step, the additives of Example 1 Were substituted 
With the folloWing: 10% by Weight adipic acid, 2% by 
Weight 2,4,6-triamino pyrimidine, 40.9% by Weight 5-mi 
cron silica ?ller and 0.1% by Weight silane. 

[0046] Example 3: Flux/Under?ll Preparation 

[0047] This material Was prepared in a manner similar to 
that of Example 1, hoWever, 40% by Weight bisphenol A 
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epoxy resin (Shell, Epon 1007F) and 45% by Weight dipro 
pylene glycol methyl ether acetate, Were substituted for 
those amounts provided above. 5% by Weight hydrogenated 
castor oil Was substituted for the polyamide thixotropic 
agent. Additionally, folloWing the cooling step, 10% by 
Weight adipic acid Was added. 

[0048] Equivalents 
[0049] From the foregoing detailed description of the 
speci?c embodiments of the invention, it should be apparent 
that a unique ?ip chip having an integrated ?ux and under?ll 
has been described. Although particular embodiments have 
been disclosed herein in detail, this has been done by Way of 
example for purposes of illustration only, and is not intended 
to be limiting With respect to the scope of the appended 
claims Which folloW. In particular, it is contemplated by the 
inventor that various substitutions, alterations, and modi? 
cations may be made to the invention Without departing 
from the spirit and scope of the invention as de?ned by the 
claims. 

What is claimed is: 
1. An integrated circuit assembly Which comprises: 

a) a substrate having a plurality of solderable contact sites 
on a surface thereof; 

b) a plurality of solder bumps positioned on the substrate 
such that each of the solderable contact sites has one 
solder bump associated thereWith, the solder bumps 
being af?xed to the solderable contact sites; and 

c) an under?ll material applied to the surface of the 
substrate, the under?ll material at least occupying a 
space de?ned betWeen each of the solder bumps and 
characteriZed in that, upon heating to a solder re?oW 
temperature, at least a portion of the under?ll material 
acts as a solder ?ux. 

2. The integrated circuit assembly of claim 1 Wherein the 
substrate comprises a semiconductor Wafer. 

3. The integrated circuit assembly of claim 2 Wherein the 
substrate comprises a semiconductor chip. 

4. The integrated circuit assembly of claim 3 Wherein the 
substrate comprises a ?ip chip. 

5. The integrated circuit assembly of claim 1 Wherein the 
under?ll material covers substantially all of each solder 
bump. 

6. The integrated circuit assembly of claim 1 Wherein the 
under?ll material comprises an epoxy resin and a material 
selected from the group consisting of carboxylic acids, 
anhydrides and combinations thereof. 

7. The integrated circuit assembly of claim 6 Wherein the 
under?ll material comprises an epoxy resin and a material 
selected from the group consisting of adipic acids and 
cyclohexane dicarboxylic acids. 

8. The integrated circuit assembly of claim 1 Wherein the 
under?ll material is reWorkable. 

9. The integrated circuit assembly of claim 8 Wherein the 
under?ll material comprises a thermoplastic material. 

10. The integrated circuit assembly of claim 9 Wherein the 
thermoplastic material is selected from the group consisting 
of phenoxy resins, acrylic resins, methacrylic resins, poly 
carbonate resins, polyamide resins, polybutene resins, poly 
ester resins, polyole?n resins and mixtures thereof. 

11. A method for making an integrated circuit assembly 
Which comprises: 
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a) providing a substrate having a plurality of solderable 
contact sites on a surface thereof; 

b) positioning a plurality of solder bumps on the substrate 
such that each of the solderable contact sites has one 
solder bump associated thereWith; 

c) affixing each solder bump to its associated contact site; 
and 

d) applying an under?ll material to the surface of the 
substrate in a manner such that it at least occupies a 
space de?ned betWeen each of the solder bumps and is 
characteriZed in that, upon heating to a solder re?oW 
temperature, at least a portion of the under?ll material 
acts as a solder ?ux. 

12. The method for making an integrated circuit assembly 
of claim 11 Wherein the substrate comprises a semiconductor 
Wafer. 

13. The method for making an integrated circuit assembly 
of claim 12 Wherein the substrate comprises a semiconduc 
tor chip. 

14. The method for making an integrated circuit assembly 
of claim 13 Wherein the substrate comprises a ?ip chip. 

15. The method for making an integrated circuit assembly 
of claim 11 Wherein the under?ll material covers substan 
tially all of each solder bump. 

16. The method for making an integrated circuit assembly 
of claim 11 Wherein the under?ll material comprises an 
epoxy resin and a material selected from the group consist 
ing of carboxylic acids, anhydrides and combinations 
thereof. 

17. The method for making an integrated circuit assembly 
of claim 16 Wherein the under?ll material comprises an 
epoxy resin and a material selected from the group consist 
ing of adipic acids and cyclohexane dicarboxylic acids. 

18. The method for making an integrated circuit assembly 
of claim 11 Wherein the under?ll material is reWorkable. 

19. The method for making an integrated circuit assembly 
of claim 18 Wherein the under?ll material comprises a 
thermoplastic material. 

20. The method for making an integrated circuit assembly 
of claim 19 Wherein the thermoplastic material is selected 
from the group consisting of phenoxy resins, acrylic resins, 
methacrylic resins, polycarbonate resins, polyamide resins, 
polybutene resins, polyester resins, polyole?n resins and 
mixtures thereof. 

21. A method for af?xing a ?ip chip to a circuit board 
Which comprises the steps of: 

a) providing a printed circuit board having a plurality of 
solderable contact sites on a surface thereof; 

b) providing an integrated circuit chip having a plurality 
of solderable contact sites on a surface thereof, each 
solderable contact site on the integrated circuit chip 
having a corresponding solderable contact site on the 
surface of the printed circuit board, the integrated 
circuit chip further characteriZed in that it includes: 

1) a plurality of solder bumps positioned on the inte 
grated circuit chip such that each of the solderable 
contact sites located on the surface of the integrated 
circuit chip has one solder bump associated there 
With, the solder bumps being affixed to the solderable 
contact sites; and 
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2) an under?ll material applied to the surface of the 
substrate, the under?ll material at least occupying a 
space de?ned betWeen each of the solder bumps and 
characteriZed in that, upon heating to a solder re?oW 
temperature, at least a portion of the under?ll mate 
rial acts as a solder ?ux; 

c) positioning the integrated circuit chip relative to the 
printed circuit board such that each solder bump is in 
contact With a solderable contact site on the printed 
circuit board; 

d) heating the integrated circuit chip to a temperature 
sufficiently high to melt the solder and the under?ll 
material; and 

e) alloWing the solder and under?ll material to solidify. 
22. An integrated circuit assembly Which comprises: 
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a) a substrate having a plurality of solderable contact sites 
on a surface thereof; 

b) a plurality of solder bumps positioned on the substrate 
such that each of the solderable contact sites has one 

solder bump associated thereWith, the solder bumps 
being affixed to the solderable contact sites; and 

c) an under?ll material applied to the surface of the 
substrate, the under?ll material occupying a space 
de?ned betWeen each of the solder bumps and charac 
teriZed in that, upon heating to a solder re?oW tem 
perature, at least a portion of the under?ll material acts 
as a solder ?ux. 


