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FLIP CHIP PRE-ASSEMBLY UNDERFILL
PROCESS

an unattached ceramic module With a TCE of 25 ppm/°C.

and a length of 2 centimeter (cm) Would expand by 30
microns for a 60° C. temperature rise. By Way of

FIELD OF THE INVENTION

comparison, an unattached chip Would expand by only 3

This invention is generally related to the ?eld of semi
conductor device packaging, and more particularly to under
?lling processes for ?ip chip bonding a chip to a substrate.

microns over the same temperature rise. HoWever, the chip

BACKGROUND OF THE INVENTION

reduce, the reliability of the solder connection. In particular,

Flip chip bonding is a technique is Which connections are

is commonly bonded to the module by solder balls, Which
are substantially in?exible. Consequently, thermal stresses
tend to develop at the solder joints. The thermal stresses may
10

reduced as a consequence of variations in stress/strain

made betWeen a semiconductor chip and a header. Typically,

caused by thermal cycling during normal chip operation.

bead-like projections (conductive bumps) are deposited as
terminals on one face of the chip, Which are then registered
and bonded With header terminals disposed on a substrate

module. The substrate module is commonly comprised of a

15

ceramic material, although there is increasing interest in
substrates comprised of other materials, such as plastics.

stress cycles a material can endure before failure. Generally,

Flip chip bonding provides many advantages compared

thermal stress on the solder joints during each thermal cycle.
Thus, the fatigue lifetime Will tend to decrease as the chip

bonding techniques. These advantages include a reduction in
interconnection lengths; a smaller package footprint; and a

siZe is increased and/or the temperature sWing increases,
because these factors increase the thermal stresses. Fatigue
lifetime tends to increase someWhat When comparatively
soft solder joints are utiliZed. A comparatively soft solder,

loWer package pro?le compared With conventional Wire

bonding techniques. Additionally, ?ip chip bonding tech
25

connections for a ?xed chip siZe being primarily limited by
hoW densely separate solder connections can be reliably

Large thermal stresses Will tend to occur at solder joints near

made to contact pads on the chip. In contrast, the number of

the edges of the chip. Consequently, the fatigue lifetime may
not be as large as desired, particularly if the chip has a

35

comparatively large area and is thermally cycled over a large
temperature range.
One technique to improve the fatigue lifetime of the
solder connections in a ?ip-chip bonding process is the use
of a loW stress epoxy under?ll encapsulant. An epoxy

closely positioned solder balls are used to provide a ?ip-chip
connection betWeen the chip and a ceramic substrate mod

under?ll encapsulant substantially ?lls in the voids betWeen
the surfaces of the chip and module around the solder ball

ule. HoWever a major concern With the ball grid array

package is solder joint reliability.

connections. An under?ll encapsulant can redistribute
stresses and strains over the entire chip area rather than
having the stresses and strains concentrated near the comer

As is Well knoWn in mechanical engineering, a statically

determinate member (one that is free to move) comprised of
a homogenous isotropic material experiences a differential

solder joints of the chip. Additionally, the thermal coef?cient
of expansion (TCE) of the under?ll encapsulant may be

increase in length as a result of a differential increase in

temperature in accordance With the mathematical relation

such as a 95% lead/5% tin solder, permits some limited
?exure of the solder joint, Which reduces thermal stresses at

the solder joints compared With a hard, in?exible solder
joint. HoWever, even With comparatively soft solder
connections, the solder joints are substantially in?exible.

out the entire area of a chip With the potential number of

input/output connections possible With conventional Wire
bonding is limited by hoW closely Wire bonds can be made
along the periphery of a chip.
One common ?ip-chip bonding technique is termed the
“ball grid array” mounting technique, in Which a pattern of

A solder joint that is repetitively thermally cycled may
eventually fail from the cumulative effects of multiple
thermal cycles. Fatigue lifetime is commonly de?ned as the
lifetime associated With the number of applied repeated
the fatigue lifetime of solder joints decreases With increasing

With making connections to a ceramic header using Wire

niques may permit an increased number of input/output
interconnections to a chip. The ?ip chip bonding technique
has the potential to provide connections distributed through

the lifetime of the solder connections may be substantially

45

ship: 6T=otATL, Where 6T is the differential increase in
length of the member, 0t is the linear coef?cient of thermal

substantially matched to that of the solder, Which reduces
thermal stresses/strains at the solder joints. An under?ll
encapsulant also offers other potential advantages, such as

expansion, AT is the differential change in temperature of
the member, and L is the original length of the member.

protecting the chip from moisture, mechanical pull,

HoWever, a statically indeterminate member Whose thermal
displacements are constrained, does not change in length but
instead becomes thermally stressed. It is Well knoWn that
When tWo materials having a large mismatch betWeen their

to under?ll a ?ip-chip bonded Wafer. FIG. 1 shoWs the steps

mechanical shear, and shock/vibration.
There are tWo main processes Which are commonly used

of a liquid ?oW encapsulation process utiliZing capillary

thermal coef?cients of expansion (TCE) are rigidly joined
together, stresses and strains may develop in the combined

55

action to ?oW a liquid encapsulant into the gaps betWeen
scolder joints of a chip mounted on a substrate. The package
is then heat treated to cure the encapsulant. HoWever, an

structure.

under?lling process utiliZing capillary action imposes limi

This is important because there is a substantial difference
in the TCE of various components of a ?ip-chip bonding
process. For example, the TCE of a semiconductor chip is

tations on the viscosity of the liquid encapsulant and the
methods to ?oW/inject encapsulant into the voids. In
particular, the processing conditions must be selected to

typically 2.5 parts per million per degree Celsius (ppm/°C.).

minimiZe the possibility that deleterious voids are formed.
An under?ll process that results in voids in the encapsulation
is undesirable because the voids may prevent the encapsu
lation from effectively redistributing thermal stresses. There

The TCE of a ceramic substrate module is typically in the
range of 10—30 ppm/°C. Although the TCE of common
solders varies someWhat With solder composition, common
solder materials have a TCE in the range of about 20—25

ppm/°C.
The large difference in TCE betWeen the different com
ponents may cause substantial thermal stress. For example,

65

are also signi?cant manufacturing problems associated With
a liquid under?lling process using capillary action. One
disadvantage is that a process utiliZing capillary action can
require up to tWenty to thirty minutes to ensure that the

US 6,168,972 B1
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liquid encapsulant has suf?cient time to properly ?oW, Which

process WindoW is narroW because only a limited number of
materials With comparatively narroW tolerances in terms of

is inconsistent With a high through-put process. Another
disadvantage is that there are limitations on the types of
materials that can be used as the encapsulant. For example,

their characteristics (e.g., encapsulant viscosity) are consis
tent With a high-yield process.
What is desired is an under?lling process that permits a

materials With a comparatively high viscosity or Which

signi?cantly shrink during curing may be unsuitable encap

Wide variety of under?lling materials to be used in a

sulants for a liquid ?oW encapsulation process because these

high-yield encapsulation process.

liquid encapsulant properties increase the possibility of the
formation of deleterious voids. For examples a viscous

liquid encapsulant has a high resistance to ?uid ?oW, Which

SUMMARY OF THE INVENTION
10

increases the possibility of creating a void Whereas an

encapsulant that signi?cantly shrinks during curing may
expand the siZe of voids, exacerbating the problem of void
formation.

Another commonly used under?lling process is the

15

so-called “no-?ow” encapsulation process. FIG. 2 shoWs the
steps of a no-?oW encapsulation process. In a no-?oW

encapsulation process, a thin layer of soft under?lling
material, typically a thick liquid epoxy, is ?rst deposited on

material, Where the encapsulation material substantially

the substrate, coating contact pad regions previously pat

suf?cient length of time so that the encapsulation material
hardens; and removing a portion of the layer of the encap

pad regions on a chip. The chip is then pressed onto the
substrate until the solder balls on the chip press onto the

sulation material to expose a conductive surface portion of
25

so that the solder balls re?oW at a ?rst temperature and an

extended curing process is conducted at a second tempera

substrate by bringing the planariZed solder balls on the chip
into contact With corresponding solder balls on the substrate

and heating the chip and substrate until the solder re?oWs to

form solder joints.
35

to re?oW temperatures. Moreover, the under?lling material
should not excessively shrink upon curing, since this could
deleteriously affect the solder joints, Which are close to, or
above, the solder re?oW temperature at common curing

temperatures. Another problem is that the yield of solder
connections may be loWer than desired. Solder balls on the

quent curing step.

successfully mate With corresponding bonding pads.

BRIEF DESCRIPTION OF THE DRAWINGS
45

balls that are nominally 100 microns in diameter corre

sponds to a :10 micron variation in solder ball height. Some
of the smaller diameter solder balls may not punch through
the epoxy, Which may limit the yield of the process. As
shoWn in FIG. 3, there is a statistical variation in the
diameter of solder balls 110 disposed on a chip 100. There
may also be an intrinsic non-planarity associated With the

FIG. 1 is side vieW diagram of a prior art liquid encap
sulation process in Which a liquid encapsulant ?oWs betWeen
solder joints as a consequence of capillary action.
FIG. 2 is a side vieW diagram of a prior art no-?oW

encapsulation process in Which the solder balls push through
a soft encapsulant during a combined curing and solder
re?oW process.

chip 100 or the substrate 112, although normally it is the
substrate that has the greatest non-planarity. This can be

illustrated by shoWing a step change 114 in height in the chip

In a second embodiment, the solder balls on a substrate

are also similarly encapsulated With epoxy and planariZed
using CMP. In a preferred embodiment, the epoxy encap
sulation material of both the chip and substrate are plagia
riZed While the epoxy encapsulation material is in a solid,
but non-cured b-stage. Subsequent processes to mount the
substrate and chip together are preferably selected so that the
b-stage epoxy layers adhere to one another during a subse

chip must push completely through the under?ll in order to
HoWever, there may be signi?cant variation in solder ball
height. For example, a 10% variation in the height of solder

each of the encapsulated solder balls.
In one embodiment, a chip is encapsulated using an
epoxy. The epoxy is planariZed using a chemical mechanical
polishing (CMP) process to expose a conductive surface
portion of each solder ball. The encapsulated chip may then
be directly bonded to an array of solder balls disposed on a

ture.

HoWever, there are several draWbacks With this approach.
One problem is that there are limitations on the type of
under?lling material that can be used. The under?lling
material has to have its curing properties selected so that the
right amount of curing takes place after the solder is heated

of conductive bumps, such as solder connections. Broadly
speaking the present invention is a method of forming an
encapsulated array of solder balls on a ?rst sample that may
be bonded to contact pads on another sample, comprising the
steps of: patterning a set of solder balls onto the ?rst sample;
coating the solder balls in a layer of an encapsulation
covers the set of solder balls disposed on the ?rst sample;
heating the sample at a sufficient temperature and for a

terned on the substrate. Solder balls are patterned on contact

contact pads of the substrate. A subsequent heating process
results in the re?oWing of solder balls to form solder joints
along With the curing of the under?ll epoxy around the
solder connections. Typically, the heating process is selected

The present invention generally comprises a method to
encapsulate chips that are bonded to a substrate With an array

55

100 or substrate 112. As shoWn in FIG. 4, the combination
of the variance in the diameter of solder balls 110 With

FIG. 3 is a side-vieW diagram shoWing the possible
variance in solder ball diameter and Wafer non-planarity for
the no-?oW encapsulation process of FIG. 2.
FIG. 4 is a side-vieW diagram shoWing hoW variance in
solder ball diameter and Wafer non-planarity may reduce the

non-planarity 114 in the chip 100 or substrate 112, may

yield of solder joints formed in the no-?oW encapsulation

cause some of the solder balls 110 not to successfully mate

process of FIG. 2.
FIG. 5A is a side vieW diagram of an embodiment of the

With corresponding bonding pads 116 on substrate 112 When
the solder balls attempt to punch through an epoxy layer.
Conventional under?lling techniques are limited in terms
of the choices of materials that may be used. Moreover,

conventional under?lling processes pose signi?cant yield
and reliability problems. Additionally, the so-called “process
WindoW”, the ability to vary process variables While main
taining an acceptable yield, is not as large as desired. The

encapsulation method of the present invention, shoWing a
step in Which an array of solder balls is patterned on the
surface of a chip.
FIG. 5B is side vieW diagram of an embodiment of the
65

encapsulation method of the present invention, shoWing the
step of coating the solder balls of FIG. 5A With an encap
sulation material.

US 6,168,972 B1
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FIG. 5C is a side vieW diagram of an embodiment of the

Most common encapsulation materials require a treatment
step to harden the encapsulation material after it is coated on

encapsulation method of the present invention, shoWing the
step of planariZing the encapsulation material of FIG. 5B

the chip 200. Typically, the process of applying the encap
sulation material also includes baking the coated sample in

using a chemical mechanical polishing process.

an oven at an elevated temperature (e.g., 80 degrees Celsius

FIG. 6A is a side vieW diagram of a second embodiment

to 170 degrees Celsius) for an extended period of time to dry
the encapsulation material and/or cause chemical changes in
the encapsulation material that result in the encapsulation
material forming a hard surface. HoWever, those of ordinary

of the encapsulation method of the present invention, shoW
ing a step in Which an array of solder balls is patterned on
the surface of a chip.
FIG. 6B is side vieW diagram of a second embodiment of

the encapsulation method of the present invention, shoWing

10

the step of coating the solder balls of FIG. 6A With an

violet radiation treatments.

encapsulation material deposited as a thin liquid layer.
FIG. 6C is a side vieW diagram of an embodiment of the

encapsulation method of the present invention, shoWing the
step of exposing the upper surface of the solder balls using

15

an etching process.
FIG. 7A is side vieW shoWing an encapsulated chip and a
corresponding array of solder balls on a substrate.

of a solder depends upon it composition, but is typically in
the range of about 20—25 ppm/°C. A variety of epoxies are
used in the packaging ?eld and their material properties can
vary. In particular, it is Well knoWn that the composition of

FIG. 7B is side vieW shoWing the encapsulated chip of

an epoxy may be varied so that the epoxy may have a

25

thermal coef?cient of expansion that is very close to that of
a solder ball 205. Epoxies are sold as liquids. HoWever,
some epoxies are sold in the form of solid bonding sheets.

Epoxies have several distinct states, corresponding to the

FIG. 8B is side vieW of the encapsulated chip of FIG. 8A
With its solder balls brought into contact With corresponding

degree to Which polymer molecules of the epoxy are cross

linked. The degree to Which cross-linking occurs depends
upon the catalyst that is used and upon the thermal history
of the epoxy. Many epoxies have both a “b-stage” and a

solder balls on the substrate.
FIG. 9A is a side vieW of an encapsulated substrate of the

present invention With additional solder pads to facilitate
solder re?oW.
FIG. 9B is a side vieW of the encapsulated substrate of
FIG. 9A brought into contact With a chip.
DETAILED DESCRIPTION OF THE
INVENTION

In a preferred embodiment, the encapsulation material
coating the chip 200 is composed of an epoxy. The epoxy
preferably has substantially the same thermal coef?cient of
expansion as the solder comprising solder balls 205 in order
to reduce thermal stresses upon the solder joints. The TCE

FIG. 7A With its solder balls brought into contact With
corresponding bonding connections on the substrate.
FIG. 8A is a side vieW of a preferred embodiment of the
present invention shoWing an encapsulated chip and an

encapsulated substrate.

skill in the art are familiar With other methods to harden

particular encapsulation materials, such as infrared or ultra

completely cured state. The b-stage is a state in Which the

polymers of the epoxy have partially cross-linked into

35

longer molecular chains but have not cross-linked into a
?nal cured state. The b-stage is a state in Which the epoxy
has stiffened into a substantially non-pliable solid at room

temperature, i.e., a b-stage epoxy is stiff enough that it is not
a liquid that readily ?oWs under pressure. HoWever, a

The present invention generally comprises a method to
separately encapsulate solder connections on a chip and then

b-stage epoxy is typically not as rigid or hard as a cured ?lm

to bond the chip to solder connections on a substrate. This

of epoxy. Typically the temperature at Which the b-stage is
formed is signi?cantly less than the temperature at Which the

results in solder joints that electrically couple contact pads

polymer in the epoxy cross-links to form a cured epoxy.

on a chip With corresponding contact pads on a substrate. In
a preferred embodiment, the solder connections on the

manufactured by Shin-Etsu, of Tokyo, Japan. Epoxies, such

A preferred epoxy is the E38 bonding sheet material

substrate are also encapsulated prior to bonding the chip to
the substrate.

as the E38 bonding sheet material, are baked at a ?rst
45

The encapsulation method of the present invention is
illustrated in FIGS. 5A, 5B, and 5C. As shoWn in FIG. 5A,
a chip 200 has an array of solder balls 205 patterned upon
its surface in contact regions. Although the side vieW of FIG.
5A shoWs generally cylindrical solder balls 205, the process
used to pattern the array of solder balls preferably includes

temperature until they reach the b-stage. HoWever, they may
be adhered to other ?lms While in the b-stage. For example,
baking a Shin-Etsu E38 epoxy sheet on a polyimide ?lm at

80 degrees Celsius at a pressure of 100 pounds per square
inch (PSI) for ?ve minutes results in a b-stage epoxy that is

adhered to the polyimide ?lm. The exposed surface of the

b-stage epoxy is solid, not sticky. HoWever, the b-stage

a solder re?oW step, or its equivalent, so that each of the

epoxy may be later joined to other surfaces because the

solder balls is electrically coupled to a corresponding con
tact pad on the chip. As shoWn in FIG. 5B, chip 200 and
patterned solder balls 205 are then coated in an encapsula
tion material 210. The encapsulation material 210 may be

epoxy is not completely cured. Experiments by the inventors
indicate that the above-described b-stage E38 epoxy sheet
may be joined to a Kapton ?lm by pressing the exposed

55

surface of the epoxy sheet onto a Kapton ?lm and curing the
Kapton/epoxy/polyimide structure at a temperature of 170
degrees Celsius and at a pressure of 500 pounds per square

any insulating material that passivates the surface of the chip
and Which is capable of redistributing thermal and mechani

inch (PSI) for about sixty minutes. This results in a poly

cal stresses betWeen the solder balls 205. A passivation
material, as used in this application, refers to a material that
substantially reduces the exposure of solder contacts to
moisture or contaminants that might corrode or otherWise
reduce the lifetime of the contact due to chemical effects. For

imide ?lm that is attached to a Kapton ?lm by a cured layer
of epoxy. Moreover, the inventors have also determined that
a b-stage epoxy may be exposed to common processing
steps, such as laser etching and plasma processes Without

example, the encapsulation material could comprise a layer
of polyimide. Spin-on polyimides may be cured to form a

hard encapsulation layer. Some polyimide materials may
thus be used as encapsulation materials.

signi?cantly diminishing the ability of the b-stage epoxy to
65

be later bonded to other surfaces. Moreover, tack lamination
tests by the inventors indicate that a b-stage epoxy may be
exposed to heat treatment steps, i.e., thermal processes

US 6,168,972 B1
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substantially below the curing temperature, Without signi?

nariZation process is a preferred technique to expose con

cantly diminishing the ability of the b-stage epoxy to be later

ductive surface portions 207 of encapsulated solder balls

bonded to other surfaces.

205 on chip 210, other processes may also be used. As

The inventors have recognized that an encapsulation

shoWn in FIGS. 6A, 6B, and 6C, other etching processes,

material 210 comprised of an epoxy that is applied over
solder balls 205 on chip 200 may be heat-treated to either a

high-temperature processing steps (e.g., processing steps

such as plasma or chemical etching process, may also be
used to expose encapsulated solder balls. FIG. 6A shoWs an
array of solder balls 205 patterned on a chip 200. As
indicated in FIG. 6B, a thin layer of an encapsulation
material 210 may remain over solder balls 205 on chip 200
after the encapsulation process. This is likely to occur if the
epoxy is applied as a comparatively thin layer of a liquid. As

conducted at a temperature betWeen about one-hundred and

indicated in FIG. 6C, the encapsulation material 210 may

b-stage or a cured state prior to subsequent processing steps.
Heating the epoxy encapsulation material 210 to a cured
state has the advantage that the epoxy is substantially rigid

and Will not signi?cantly change its shape during subsequent

?fty to tWo-hundred degrees Celsius). HoWever, heating the

then be etched doWn to reveal about one-half of each solder

epoxy encapsulation material 210 to the b-stage has the
advantage that the encapsulation material may later form an
epoxy bond With other surfaces, Which may assist a chip 200

ball, thus exposing a conductive surface portion 207 of each
solder ball.
The encapsulated chip may be mounted to a substrate in

15

several Ways. In one approach, as shoWn in the embodiments

to be mounted to a substrate.

of FIGS. 6 and 7, the encapsulated chip is mounted onto a

As shoWn in FIG. 5C, the encapsulated chip 200 and
solder balls 205 are then processed to expose a conductive

substrate patterned With corresponding solder balls. Solder

surface portion 207 of each of the solder balls 205. A
preferred method to reveal the surface of the encapsulated

balls are patterned onto contact pad regions of a substrate.
Encapsulated solder balls 205 on chip 200 are ?rst brought

solder balls 205 is to planariZe the encapsulated chip using

into physical contact With unencapsulated solder balls 305

a chemical mechanical polishing (CMP) process. A CMP
planariZation process uses a polishing pad Wetted With a
slurry that is both chemically reactive and Which contains
abrasive particles, such as silica or alumina. CMP planariZa
tion processes are commonly used to planariZe silicon

on substrate 300. After the solder balls 305 are heated to a

re?oW temperature, the solder balls 205 on chip 200 Will
25

joint. Preferably an eutectic or high lead solder is used to
facilitate solder re?oW. If required, Well-knoWn processes
may be used to prepare the surface of solder balls 200, 205

dioxide layers on a silicon Wafer.

prior to bringing the chip 200 and substrate 300 together. For

The inventors have recogniZed that CMP polishing tech
niques may be utiliZed to planariZe a variety of encapsula
tion materials. In particular, a b-stage epoxy is stiff enough
(i.e., is substantially non-pliable and does not How under
typical CMP polishing pressures) so that it may be polished
using a CMP process. Moreover, CMP planariZation pro
cesses have evolved to the point Where a Wafer having

?oW together With solder balls 305 to form a common solder

example, a ?ux or an ink comprising a solder, ?ux, and

epoxy may be patterned onto exposed portions 207 of solder
balls 205 on chip 200 to facilitate solder re?oW betWeen
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regions disposed on its surface With different hardnesses
may be simultaneously polished to a common plane. In
modem CMP processes tWo or more different types of

materials may be polished simultaneously to a common

solder balls 205, 305. Other techniques to clean oxides from
the surface of a solder ball, such as plasma assisted dry
soldering, may also be used to facilitate solder re?oW. For
example, plasma assisted dry soldering processes use a
?ourine F2 plasma to convert a surface tin oxide, SnO, into
SnOF, Which eliminates the need for conventional solder
?ux. An alternate process that eliminates the need for solder

plane. For example, a CMP planariZation process developed

re?oW entirely is to utiliZe conductive bumps comprised of

by the inventors for polishing a Wafer With both copper
regions and polyimide regions utiliZes a conventional CMP
polisher at a platen rotation rate of 60 RPM, a Wafer carrier

regions of conductive epoxy instead of substrate solder balls
305. UtiliZing a patterned conductive epoxy to electrically

rotation of 60 RPM, a pressure of 3.5 PSI, and a silica or

alumina based CMP slurry. Those of ordinary skill in the art
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balls 205 to the substrate.

of CMP are familiar With the tradeoffs in polishing param

The embodiments of FIGS. 6 and 7 have the advantage of

eters that facilitate polishing dissimilar materials to a com

a comparatively simple fabrication process. The encapsula

mon plane. Additionally, a variety of cleaning methods
permit a surface that has been planariZed by CMP to be
effectively cleansed of CMP residues. For example, a post

tion material 210 redistributes stresses from solder joints

across the entire chip, enhancing solder joint fatigue life
time. Moreover, the solder joint at the chip 200 interface is
passivated. A Wide variety of encapsulation materials 210

CMP cleaning process preferred by the inventors comprises
cleaning a polished Wafer in a 0.75% ammonia (NH4OH)
solution folloWed by high pressure Water cleaning, megas
onic cleaning, and brushing the Wafer With a polyvinyl
(PVA) brush and Water. HoWever, since the present inven
tion encompasses a variety of solder types and encapsulation
materials, the above-described CMP process may need to be

may be used. Thus, the embodiment of FIG. 7 achieves most
of the same bene?ts as conventional under?lling processes
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adjusted for particular solder compositions and encapsula

interface. The fatigue lifetime of solder joints depends upon

quent processing steps.

the solder joint forming a reliable connection to both the

A planariZation process has the bene?t that problems
associated With variations in solder ball height are elimi

nated by the planariZation process. Moreover, a planar
solder balls 205 across the chip 200 through planariZed
encapsulation material 210. HoWever, While a CMP pla

While permitting a Wider variety of encapsulation materials
to be used.
While the embodiment of FIGS. 6 and 7 are useful
mounting methods, it may be desirable in some cases to also
redistribute stresses on the solder joints at the substrate

tion material. An additional chemical or plasma cleaning
step may also be used to clean the surface prior to subse

surface is desirable to uniformly transmit stresses from

couple chip solder balls 205 to the substrate, may hoWever,
result in a slightly higher electrical resistance compared With
utiliZing solder balls 305 to electrically couple chip solder
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chip and the substrate. Consequently, it is preferable to also
encapsulate the solder balls 305 disposed on the substrate,
even though this requires additional processing steps.
In a preferred embodiment, both the chip and the substrate
have encapsulated solder connections. As shoWn in FIGS.
8A, solder balls 305 disposed on substrate 300 may also be

US 6,168,972 B1
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encapsulated and planariZed using similar processes as those
used to encapsulate and process chip 200. Solder balls 305

layer 350 on the order of a feW thousand Angstroms in
thickness composed of solder and/or ?ux may be screen
printed over solder balls 305 to facilitate re?oW of solder

are patterned onto contact pad regions of a substrate 300.
Preferably, the patterning process includes a re?oW step, or

ball, 205, 305 When encapsulated chip 220 is mated to

its equivalent, Which electrically and mechanically couples 5 encapsulated substrate 320. Avariety of liquid preparations,
the solder balls 305 to contact regions on the substrate 300.

As shoWn in FIG. 8B, an encapsulated chip 220 and encap
sulated substrate 320 may then have corresponding conduc
tive surface portions 207, 307 of solder balls 205, 305
brought together and heated until the solder balls 205, 305
How together to form solder joints.
In the embodiment shoWn in FIGS. 8A and 8B, both the
chip 200 and substrate 300 are planariZed. This is preferable
in terms of the uniform redistribution of stress. HoWever,
more generally, either chip 200 or substrate 300 may be
processed similar to the embodiment of FIG. 7, i.e., chemi

commonly knoWn as “inks,” may be applied in selected
regions of a Wafer to foster solder ?oW. An ink may be
stenciled or screen printed onto selected areas. For example
a thin layer 350 of an ink containing tin, lead, copper, epoxy,
10
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cally or plasma etched to expose about one-half of a solder
ball.
It is desirable that the encapsulation materials 210, 310 on
the chip and substrate are bonded together over a substantial
surface area in order to facilitate mechanical rigidity of the

may permit a planariZed chip 200 and substrate 300 to be
bonded together. For example, some polyimide materials
may be soft-baked (e.g., at a temperature less than about

ninety degrees Celsius) and then later solvent treated to
render their surfaces comparatively soft and sticky. TWo

across the assembled module. For the case of an encapsu
25

treated to render the surfaces capable of being bonded to a
similarly treated surface. Moreover, additional adhesive or
epoxy layers may be patterned onto a planariZed encapsu
lation layer. For example, a patterned conductive epoxy
disposed betWeen solder balls 205, 305 may have suf?cient

tion materials 210, 310 are bonded together by applying
pressure betWeen the chip 200 and substrate 300 as the

epoxy is heated to its curing temperature. The curing tem
perature of common epoxies is about 170 degrees Celsius,

although it depends upon the particular chemistry of the

conductivity to electrically couple solder balls 205, 305
disposed an encapsulated chip 220 and substrate 320 Without
a re?oW step. Moreover, in some cases the adhesion of a
35

Celsius. Preferably, the time-temperature of the chip/

Although a preferred embodiment of the present invention

and for a suf?cient time so that the solder re?oWs to form the

and modi?cations thereof have been described in detail
herein, it is to be understood that this invention is not limited
to those precise embodiments and modi?cations, and that
other modi?cations and variations may be affected by one of

solder joint and the epoxy cures. For example, With a solder
re?oW temperature of 200 degrees Celsius and an epoxy

curing temperature of 170 degrees Celsius, the temperature
may be initially ramped up to 200 degrees Celsius to re?oW

ordinary skill in the art Without departing from the spirit and

the solder then loWered to 170 degrees for an extended

period of time to cure the epoxy. HoWever, the preferred
45

epoxy Will depend upon the material properties of both the
epoxy and the solder. As is Well knoWn, the re?oW tempera
ture depends upon the concentration of lead and tin in the

scope of the invention as de?ned in the appended claims.
What is claimed is:
1. A method of forming an encapsulated array of solder
bumps on a chip, the method comprising:

(a) patterning a set of solder bumps onto said chip;
(b) coating said solder bumps in a layer of an encapsu
lation material, said encapsulation material substan
tially covering said set of solder bumps on said chip;
(c) heating said encapsulation material at a suf?cient

solder. A eutectic solder or a solder With a high tin content

may be preferable to facilitate solder re?oW. Among the
factors that Will determine a preferred time-temperature
process are re?oW temperature, the epoxy curing
temperature, and the relative thermal expansion of the solder
and the epoxy.
It is desirable that a variety of solder and epoxy compo

patterned conductive epoxy may be suf?cient to bond an

encapsulated chip 220 and substrate 320 together.

substrate module is ramped up at a sufficient temperature

time-temperature process to re?oW the solder and cure the

solvent-treated polyimide surfaces may then be bonded
together under heat and pressure. Generally, there are a
variety of materials that may be coated and processed to

encapsulate solder balls 205, 305 and then chemically

Consequently, the tWo planariZed b-stage epoxy encapsula

epoxy and the catalyst that is used. The solder re?oW
temperature also depends upon the particular solder that is
used, although it is typically in excess of 170 degrees

Wetting and solder re?oW betWeen solder balls 205, 305
and/or facilitate using a Wider variety of solder compositions
in solder balls 205, 305.
Although epoxy encapsulation materials are a preferred

encapsulation material, other materials have properties that

mounted assembly and a more uniform distribution of stress

lation material 210, 310 comprised of an epoxy, the epoxy
is preferably heat-treated to a b-stage prior to bringing the
chip 200 and substrate 300 into contact With one another.

and an organic ?ux agent may patterned on planariZed solder
balls 305 to facilitate solder re?oW. The use of an additional
solder layer 350 may be desirable in some cases to promote

temperature and for a sufficient length of time that said
encapsulation material stiffens to a substantially non
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sitions may be used, since this permits combinations of
solder and epoxy compositions to be used that may poten

pliable solid; and
(d) removing a portion of said layer of said encapsulation
material to expose a conductive portion of each of said

tially improve yield, improve device lifetime, and/or reduce

encapsulated solder bumps While the encapsulation

fabrication costs. As is Well knoWn in the ?eld of packaging,
the ability of a solder to re?oW depends upon the compo
sition of the solder, the temperature of the re?oW process,

material is on the chip.
2. A method of forming an encapsulated array of solder
bumps on a ?rst sample that may be bonded to another

sample, the method comprising:

and Whether or not a signi?cant area of liquid solder makes
physical contact to another contact area. As shoWn in FIG.

9A, an additional solder layer 350 may be patterned onto the
solder balls 205, 305 on the chip 200 or substrate 300. The
solder layer 350 may facilitate an electrical connection
betWeen solder balls 205, 305. For example, a thin solder
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(a) patterning a set of solder bumps onto said ?rst sample;
(b) coating said solder bumps in a layer of an encapsu
lation material comprising an epoxy material, said

encapsulation material substantially covering said set
of solder bumps on said ?rst sample;

US 6,168,972 B1
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(c) heating said encapsulation material at a suf?cient
temperature and for a sufficient length of time that said

13. The method of claim 12, Wherein said substrate

encapsulation material and said chip encapsulation material

encapsulation material stiffens to a substantially non
pliable solid Which is hardened to a b-stage; and

are composed of an epoxy that is heated to the b-stage and

Wherein the step

of heating said chip and said substrate

(d) removing a portion of said layer of said b-stage

is conducted at a suf?cient temperature and With a suf?cient

encapsulation material to expose a conductive portion

pressure betWeen said chip and said substrate so that said

of each of said encapsulated solder bumps.
3. The method of claim 2, Wherein said step (d) of
removing a portion of the encapsulation material is per

epoxy encapsulation layers are bonded together.
14. The method of claim 12, further including the step of

formed by a chemical mechanical polishing process.
4. The method of claim 3, Wherein said chemical

patterning a solder pad over each said planariZed second set
10

mechanical polishing process removes about one half of

15. Amethod of bonding a chip to a substrate, comprising
the steps of:

each of said encapsulated solder bumps.
5. The method of claim 4, further comprising:
patterning solder pads on the polished surface of said

(a) patterning a ?rst set of solder balls onto a set of contact

regions of the chip;

chemically mechanically polished solder bumps.

(b) coating the chip With a ?rst layer of epoxy, said epoxy
substantially covering said ?rst set of solder balls
disposed on said chip;
(c) heating said chip at a suf?cient temperature for a

6. The method of claim 5, Wherein said patterned solder
pads are formed using a solder ink.
7. The method of claim 5, Wherein said solder pads are in
the form of a deposited layer of solder.
8. The method of claim 2, Wherein the solder bumps are
solder balls.

9. A method of forming encapsulated solder joints in an
array of solder joints formed betWeen a chip and a substrate,

comprising the steps of:

suf?cient time to convert said ?rst layer of epoxy into
a b-stage epoxy;
25

(a) patterning a ?rst set of solder balls onto a ?rst set of

(b) coating the chip With a chip encapsulation material,
said chip encapsulation material substantially covering

(f) coating the substrate With a second layer of epoxy, said
epoxy substantially covering said second set of solder
balls disposed on said substrate;

said ?rst set of solder balls disposed on said chip;

(c) removing a portion of said chip encapsulation material
35

(i) bringing said ?rst set of solder balls on said chip into

substrate; and

step of: planariZing the encapsulated chip by using a chemi
cal mechanical polishing process to polish the encapsulated

(g) heating said substrate at a sufficient temperature for a
suf?cient time to convert said second layer of epoxy
into a b-stage epoxy;
(h) planariZing said second layer of epoxy to reveal a
conductive surface portion of each said second set of

solder balls;

contact With said second set of solder balls on said

(f) heating said chip and said substrate at a suf?cient
temperature for said ?rst and second set of solder balls
to re?oW into solder joints.
10. The method of claim 9, Wherein step (c) for removing
a portion of the chip encapsulation material comprises the

(d) planariZing said ?rst layer of epoxy to reveal an
exposed conductive surface portion of each said ?rst set
of solder balls;
(e) patterning a second set of solder balls onto a second set
of contact regions on the substrate;

contact regions of the chip;

to expose a conductive surface portion of each of said
?rst set of solder balls;
(d) patterning a second set of solder balls onto a second
set of contact regions on the substrate;
(e) bringing said ?rst set of solder balls on said chip into

of solder balls after said second set of solder balls are

planariZed.

contact With said second set of solder balls on said

substrate; and
applying a suf?cient pressure betWeen said chip and
said substrate at a sufficient temperature and for a

suf?cient time to bond said ?rst layer of epoxy to said
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chip to a common plane extending through a portion of said

second layer of epoxy and re?oWing said solder balls
into solder joints.
16. The method of claim 15, further comprising the step
of patterning a solder ink composed of ?ux, epoxy, and

?rst set of solder balls.

solder over one of said set of solder balls prior to the step of

11. The method of claim 10, further comprising the steps

bring said solder balls on said chip and said substrate into

of:

contact With each other.

coating the substrate With a substrate encapsulation
material, said substrate encapsulation material substan
tially covering said second set of solder balls disposed
on said substrate; and

removing a portion of said substrate encapsulation mate
rial to expose a conductive portion of each said second
set of solder balls.

17. The method of claim 15, further comprising the step
of patterning solder pads on said ?rst or second set of solder
balls after one said step of planariZing said surface.
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18. The method of claim 15, further comprising the step
of cleaning the surface of said epoxy layers prior to said step
of bringing said solder balls on said chip and said substrate
into contact.

19. The method of claim 18, Wherein said cleaning step

12. The method of claim 11, Wherein said step for
removing a portion of said substrate encapsulation material

includes plasma etching.

comprises the step of planariZing the encapsulated substrate
by chemical mechanical polishing the encapsulated sub

20. The method of claim 19, Wherein said cleaning step
includes chemical etching.

strate to a common plane extending through a portion of said
?rst set of solder balls.
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