PROCESS FOR CONTROLLING RESIN BLEEDING IN INTEGRATED
CIRCUIT PACKAGING

1. Field of the Invention

The present invention relates generally to integrated circuit packages, and more

- particularly, to resin bleeding during integrated circuit package assembly.
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2. Description of the Related Art

Integrated circuit (IC) packages are protective enclosures within which are
typically sealed an integrated circuit (IC) unit and a leadframe. The IC unit is attached to
the leadframe. The leadframe electrically interconnects the IC unit to circuitry located
outside of the IC package. Leadframes are typically formed from a condﬁctive material
such as copper.

A leadframe 10 useful for integrated circuit packages is shown in FIG. 1. The
leadframe 10 includes a mounting area 15 and a plurality of lead members 20. The lead

'members 20 extend away from locations 25 adjacent to the mounting area 15. The IC unit -

30 is attached on the mounting area 15 of leadframe 10. Wire bonds 35 extending
between the IC unit 30 and the lead members 20 electrically connect the IC 35 unit with
the lead members 20. Examples of IC units include integrated circuit chips and hybrid
integrated circuit moduleé. Hybrid integrated circuit modules typically include one or
more IC chips as well as other electronic components mounted on a plastic or ceramic
carrier.

Many IC units are attached to leadframes with an adhesive. Adhesives useful for
attaching IC units to lead frames typically combine metal particles (e.g., silver, gold) with
a resin such as an epoxy. IC units are attached to leadframes by applying the adhesive on
the leadframe mounting area. Thereafter, IC units are placed on the adhesive and the

adhesive is hardened (cured). Epoxy based adhesives are typically hardened with heat.
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The graph of FIG. 2 depicts a typical hardening curve for an epoxy based
adhesive, heated at a constant temperature. On the graph of FIG. 2, the viscosity of the
epoxy based adhesive is plotted as a function of time. This graph illustrates that during
the initial stages of the hardening thp, there is a marked drop in the viscosity of the
epoxy based adhesive. The viscosity falls to a minimum when the epoxy based adhesive
reaches the gel point 50. The term gel point as used in this disclosure describes the point
on the heating curve at which the viscosity of the adhesive starts to increase with time,
hardening the adhesive. The time needed for reaching the gel point depends on the
particular adhesive used and the temperature at which it is heated.

One problem with epoxy based adhesives is “resin bleeding”. The term resin
bleeding as used in this disclosure refers to the separation of the resin from the adhesive.
Resin b]éedir_xg typically occurs when the adhesive is heated, during the time before it
reaches the gel point. Heating causes portions of the resin and metal particles to flow
away from the IC mounting area. Resin and metal particles that flow over the mounting
area onto lead members potentially contaminéte both the IC mounting area and the lead
members. For example, resin flowing over the IC mounting area onto the lead members
forms a barrier layer that affects the adhesion streﬁgth of wire bonds made thereto.

U. S. Patent 4,143,456 issued March 13, 1979 discusses the use of a repellent
material formed around the outer perimeter of a semiconductor device. The repelient
material is made of silicone and has a thickness of about 50 um. The thickness of the
repellent material forms a barrier which prevents a resin encapsulant applied on the
semiconductor device from spreading therebeyond. This barrier approach, however, has
disadvantages. For example, the barrier of repellent material must be formed around each
area within which the resin encapsulant is to be confined. Formation of the barrier around
each area requires additional processing steps to pattern the repellent material which is
costly for substrates requiring the attachment of a high density of semiconductor devices,
as is often the case in electronic device manufacture.

U. S. Patent 5,646,241 issued July 8, 1997 discusses adhesive formulations
containing small amounts (up to 10 weight percent) of a bleed control agent. The bleed

control agent shorténs the time needed for the adhesive formulations to reach their gel
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points. Adhesive formulations that reach their gel points faster have a smaller time
window before hardening starts, resulting in less resin bleeding. Although bleed control
agents reduce resin bleeding, adhesive formulations that contain bleed control agents are
difficult to synthesize. For exampie, many adhesive formulations are pastes. It is time
consuming and costly to uniformly distribute small amounts of the bleed control agents

throughout pastes.
Summary of the Invention

The present invention is directed to a method for controlling resin bleeding in IC
packaging. The resin bleeding is controlléd by reducing the surface energy of an IC
substrate (e.g., leadframe) to a surface energy that is less than or about equal to the
surface energy of an adhesive applied thereon. The term surface energy as used in this
disclosure refers to an energy needed to form a boundary region between two adjacent
phases.

In the present invention, the IC substrate is treated with a material that lowers its
surface energy. Such materials make the surface of the IC substrate less wettable. A less
wettable surface on the IC substrate is desirable because it inhibits the flow of resin
thereover, when the adhesive is hardened.

The material is formed from a solution of a'polymer in a solvént. The surface
energy of a layer of the material formed from the polymer solution depends on the
particular polymer used as well as the concentration of the polymer in the solvent.
Polymers useful for forming material layers having surface energies less than or about
equal to the surface energies of many adhesives (less than about 100 erg/cm?) are
polyfluorinated hydrocarbon compounds. Examples of suitable polyfluorinated
hydrocarbon con_lpounds include fluorinated alkyl quaternary ammonium iodides and
potassium fluorinated alkyl carboxylates. Suitable solvents include water and alcohols
such as isopropyl alcohol, ethanol, and 2-butoxyethanol. _

A layer of the material is formed on the IC substrate by applying the solution on
the IC substrate and then removing the solvent. The solution is applied on the substrate
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using any suitable method including spraying and dipping. After the solution is applied on
the substrate, the solvent is removed by heating and/or drying the substrate.

The lower surface energy layer preferably has a thickness less than about 0.5 um.

Layers less than about 0.5 um thick do not degrade the bonding strength between the
adhesive and the substrate.

After the lower surface energy layer is formed on the substrate, an adhesive is
applied on at least a portion of the material layer. The adhesive combines a resin and
metal particles. Suitable adhesives include alkyl glycidyl ethers and epoxypropoxy
butanes.

An IC device such as a semiconductor device is placed on the adhesive.
Thereafter, the adhesive is hardened. The adhesive is hardened by heating it at a constant
temperature, to achieve a desired viscosity. The adhesive is heated using' conventional
methods such as placing the substrate in an oven, oron a hbt plate.

In an alternate embodiment of the present method, the material layer which
controls resin bleeding in IC packages is formed on the surface of the IC substrate after
the adhesive is applied thereon. _

Other objects or features of the present invention will become apparent from the
following detailed description considered in conjunction with the accompanying
drawings. It is to be understood, however, that the drawings are designed solely for
purposes of illustration and do not serve to limit the invention, for which reference should

be made to the appended claims.
Brief Description of the Drawings

FIG. 1 shows a leadframe typically used for packaging integrated circuit devices;

FIG. 2 depicts a typical hardening curve for an epoxy based adhesive, heated at a
constant temperature;

FIG. 3 illustrates the wetting ability of a solid surface by a liquid;

FIG. 4 is a cross-sectional view of an IC substrate including the material layer of

the present invention thereon; and
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FIG. 5 shows a plot of the surface energy of a material layer as a function of the

concentration of fluorinated alkyl quaternary ammonium iodide in a polymer solution.
Detailed Description

The present invention is directed to a method which controls resin bleeding in IC
packages. Resin bleeding is controlled by lowering the surface energy of an IC substrate
to less than or about equal to the surface energy of an adhesive used for attaching an IC
unit thereto. Lowering the surface energy of the IC substrate makes the surface of the IC
substrate less wettable. A less wettable surface on the IC substrate is desirable because it
inhibits the flow of resin thereover, as the adhesive hardens.

The wetting ability of a solid surface by a liquid is described by
¥s = YL.cosO + Yis §))

As shown in FIG. 3, equation (1) relates the surface energy of a solid (ys) with the surface
energy of a liquid (y_) placed thereon, the surface energy of the liquid-solid interface
(Ys), and the contact angle (cos@) between the liquid and the solid surfacé. Based on
equation (1), complete wetting of the solid surface occurs when 8 is zero degrees. 0
approaches zero degrees when the surface energy of the solid is larger than the surface
energy of the liquid. ,

Typically, IC substrates have surface energies at least one order of magnitude
greater than the surface energies of adhesives used for attaching IC units thereto. For
example, a gold plated leadframe has a surface energy of about 1200 erg/cm’ at room
temperature, while soft organic materials such as adhesives have surface energies less
than about 100 erg/cm’. Because the surface energy of the IC substrate is larger than the
surface energy of any adhesive placed thereon, resin that separates from the adhesive
during the hardening step spreads over the substrate surface.

FIG. 4 shows a cross-sectional view of a leadframe 100 useful as an IC substraie.

Leadframe 100 has an IC mounting area 110 with a pluraliiy of separate lead members
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120 extending away from locations adjacent to the mounting area 110. IC substrates such
as leadframe 100 are formed of a conductive material such as copper. Leadframes made
of coppef are typically plated with one or more layers of metal. The metal provides a
barrier to the formation of corrosive products of copper (e.g., copper oxides and copper
sulfides) on the surface of the leadframe. Examples of suitable metal layers include nickel
and palladium, with or without a gold layer thereover. _

An IC unit 125 is attached to mounting area 110 with an adhesive 130. Wire
bonds 135 formed between the IC unit 125 and the lead members 120 electrically connect
the IC unit 125 with leadframe 100. ,

In one embodiment of the present invention, a material layer 150 is formed on the
IC substrate such as leadframe 100, as shown in FIG. 4. The material layer 150 is formed
over all or part of the leadframe 100. '

The material layer is formed from a solution of a polymer in a solvent. The
surface energy of material layers formed from the polymer solution depénd on the
particular polymer used as well as the concentration of the polymer in the solvent.
Polymers useful for forming material layers having surface energies less than or about
equal to the surface energies of many adhesives (less than about 100 erg/cm?) are
polyfluorinated hydrocarbon compounds. Suitable polyfluorinated hydrocarbon .
compounds include fluorinated alkyl quaternary ammonium iodides (e.g., Fluorad FC-135
available from 3M Company) and potassium fluorinated alkyl carboxylates (e.g., Fluorad
FC-129 available from 3M Company). Suitable solvents include water and alcohols such
as isopropyl alcohol, ethanol, and 2-butoxyethanol.

The graph of FIG. 5 plots the surface energy of material layers as a function of the
concenkation of fluorinated alkyl quaternary ammonium iodide in the polymer solution.
The fluorinated alkyl quaternary ammonium iodide solutions are dilutions of Fluorad FC-
135 in water. The graph of FIG. 5 illustrates that solutions containing about 10 - 600 ppm
(parts per million) Fluorad FC-135 in water form layers with surface energies ranging
from about 17 erg/cm’ to about 46 erg/cm®. Such a range of surface energies is

compatible with adhesives having surface energies of at least about 50 erg/cm’.
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| The material layer is formed by applying the solution on the IC substrate and then
removing the solvent. The solution is applied on the substrate uising any suitable method
including spraying and dipping. After the solution is applied on the substrate, the solvent
is removed by heating and/or drymg the substrate.

The lower surface energy layer preferably has a thickness less than about 0.5 pm.
Layers less than about 0.5 um thick do not substantially degrade the bonding strength
between the adhesive and the substrate. For example, leadframes with the material layer
of the present invention formed thereon require average forces of about 880 grams to
shear an IC unit attached thereto. Leadframes without the material layer of the present
invention formed thereon require average forces of about 840 grams to shear the IC unit.
Additionally, materials layers with such thicknesses do not affect the electrical
conductivity of the adhesive bonds made thereto.

After the lower surface energy layer is formed on the substrate, an adhesive is
applied on at least a portion of the material layer. The adhesive combines a resin such as
an epoxy with metal particles. Suitable adhesives include polyether aliphatic polyurethane
(e.g., P-3429 and Pn03 available from K. J. Quinn & Company, Malden, MA) as well as
alkyl glycidyl ethers and epoxypropoxy butanes (e.g. Ablebond 826-1 available frdm
Ablestik Company).

An IC device such as a semiconductor device is placed on the adhesive.
Thereafter, the adhesive is hardened. The adhesive is hardened by heating it for a period
of time at a constant temperature, ﬁntil a desired viscosity is achieved. The adhesive is
heated using conventional methods such as placing the substrate in an oven, oron a hoi
plate. |

In an alternate embodiment of the present method, the adhesive is applied on the
IC substrate before the material layer is formed thereon.' For such an embodiment, the
adhesive is applied on the IC substrate. The material layer is formed on at least a portion
of the substrate including the adhesive by applying the solution containing the polymer in
the solvent on the IC substrate. Thereafter, the solvent is removed by heating and/or
drying the IC substrate.
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Forming the material layer which controls resin bleeding on the adhesive does not
degrade the bonding strength between the adhesive and an IC unit attached thereover.
Additionally, materials layers formed over the adhesive do not substantially affect the
electrical conductivity of the IC units attached thereon.

The following examples are provided to illustrate a specific embodiment of the
present invention.

Example 1

A drop of Ablebond 826-1 silver filled epoxy was applied on a Ni/Pd/Au plated
leadframe. The drop of Ablebond 826-1 had a radius of about 0.020 inches. Ablebond
826-1is commerciall); available from Ablestik Company, Los Angeles, California. The
Ni/Pd/Au plated leadframe was obtained from Precision Plating Company, Chicago,
Hlinois.

The leadframe with the Ablebond 826-1 thereon was heated in an Isotemp 630F
oven at a temperature between about 150 - 155 °C, for about 1 hour. The Isotemp 630F
oven is commercially available from Fisher Scientific Company. After heating, the drop
of Ablebond 826-1 had a radius of about 0.045 inches, which is an increase of about
125 %.

Example 2

A Ni/Pd/Au plated leadframe was dipped in a solution containing 20 ml of
Fluorad FC-135 in 980 ml of deionized water for about 10 seconds. After dipping, the
Ni/Pd/Au plated leadframe was dried in air forming a layer containing Fluorad FC-135
thereon. The Ni/Pd/Au plated leadframe was obtained from Precision Plating Company.
The Fluorad FC-135 was obtained from the 3M Company.

A drop of Ablebond 826-1 was applied on the layer containing Fluorad FC-135.
The drop of Ablebond 826-1 had a radius of 0.020 inches. The Ni/Pd/Au plated leadframe
was heated according to the conditions described in Example 1. After heating, the drop of
Ablebond 826-1 iiad a radius of about 0.022 inches, which is an increase of about 10 %.

Example 3
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A Ni/Pd/Au plated leadframe was dipped in a solution containing 20 ml of
Fluorad FC-129 in 980 ml of deionized water for about 10 seconds. After dipping, the
Ni/Pd/Au plated leadframe was dried in air forming a layer containing Fluorad FC-129
thereon. The Fluorad FC-129 was obtained from the 3M Company.

A drop of Ablebond 826-1 was applied on the layer containing Fluorad FC-129.
The drop of Ablebond 826-1 had a radius of 0.020 inches. The Ni/Pd/Au plated leadframe
was heated according to the conditions described in Example 1. After heating, the drop of
Ablebond 826-1 had a radius of about 0.022 inches, which is an increase of about 10 %.
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The Invention Claimed is:

1. A method for making an integi‘ated circuit package comprising the steps of:

providing a substrate wherein the substrate has a first surface energy;

lowering the surface energy of the substrate by forming a layer of a
material over at least a portion of the substrate, wherein the material layer has a second
surface energy that is lower than the first surface energy;

applyiﬁg an adhesive on the material layer;

applying an integrated circuit device on the adhesive; and

heating the adhesive to harden the adhesive and attach the semiconductor
device on the substrate.

2. A method for making an integrated circuit package comprising the steps of:
providing a substrate wherein the substrate has a first surface energy;
applying an adhesive on the substrate;
forming a layer of material over at least a portion of the substrate, wherein

the material layer has a second sﬁrface_ energy that is lower than the first surface energy;
applying an integrated circuit device on the adhesive; and
N heating the adhesive to harden the adhesive and attach the semiconductor

device on the substrate.

3. The method of claim 1, or 2 wherein the material layer has a thickness less than

about 0.5 pm.

4. The method of claim 1, or 2 wherein the adhesive applied on the substrate has a
radius which expands less than about 25 % during the heating step.

RN 0
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5. The method of claim 1, or 2 wherein the layer of material is formed from a

solution of a polymer in a solvent.

6. The method of claim 5 wherein the polymer is a polyfluorinated hydrocarbon

compound.

7. The method of claim 6 wherein the polyfluorinated hydrocarbon compound is
selected from the group consisting of a fluorinated alkyl quaternary ammonium iodide

and a potassium fluorinated alkyl carboxylate.

8. The method of claim 5 wherein the solvent is selected from the group

consisting of water and an alcohol.

9. The method of claim 8 wherein the alcohol is selected from the group
consisting of isopropyl alcohol, ethanol, and 2-butoxyethanol. |

10. The method of claim 6 wherein the concentration of the polyfluorinated
hydrocarbon compound in the solution is within the range of about 10 - 600 ppm (parts

per million).

11. The method of claim 1, or 2 further comprising the step of forming at least one

metal layer on a portion of the substrate prior to the formation of the material layer.

12. The method of claim 11 wherein the at least one metal layer comprises a metal '

selected from the group consisting of nickel, gold, and palladium.
13. The method of claim 1, or 2 wherein the substrate is a leadframe.

14. An integrated circuit package comprising:

a substrate wherein the substrate has a first surface energy;

* c L L] H *
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a material layer formed on at least a portion of the substrate, wherein the
material layer has a second surface energy that is lower than the first surface energy;
an adhesive formed on the substrate; and

an integrated circuit device affixed to the adhesive.

15. The integrated circuit package of claim 14 wherein the adhesive is formed

‘over the material layer.

16. The integrated circuit package of claim 14 wherein the material layer is

formed over the adhesive.

17. The integrated circuit package of claim 14 wherein the material layer has a

thickness less than about 0.5 um.

18. The integrated circuit package of claim 14 wherein the material layer is

formed from a solution of a polymer in a solvent.

19. The integrated circuit package of claim 18 wherein the polymer is a
polyfluorinated hydrocarbon compound.

20. The integrated circuit package of claim 19 wherein the polyfluorinated'
hydrocarbon compound is selected from the group consisting of a fluorinated alkyl

quaternary ammonium iodide and a potassium fluorinated alkyl carboxylate.

21. The integrated circuit of claim 18 wherein the solvent is selected from the

group consisting__of water and an alcohol.

22. The integrated circuit of claim 21 wherein the alcohol is selected from the
group consisting of isopropyl alcohol, ethanol, and 2-butoxyethanol.
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23. The integrated circuit package of claim 19 wherein the concentration of the
polyfluorinated hydrocarbon compound in the solution is within the range of
10 - 600 ppm.

24. The integrated circuit package of claim 14 wherein the substrate has at least

one metal layer thereon.

25. The integrated circuit package of claim 24 wherein the at least one metal layer

comprises a metal selected from the group consisting of nickel, gold, and palladium.

26. The integrated circuit package of claim 14 wherein the substrate is a

leadframe.
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