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ENHANCED BORON NITRIbE COMPO.SITION AND POLYMER
BASED HIGH THERMAL CONDUCTIVITY MOLDING COMPOUND /
FIELD OF THE INVENTION
The present invention @Iates to a boron nitride qompbsition
for Llse particularly in forming a high thermal 'conductivity molding
compound and to a polymer based molding compound containing boron
nitride. |
BACKGROUND OF INVENTION
A molding compound is used.in the semiconductor indusiry
as a packaging material or as an encapsulant to protect semiconductor
devices from physical, electrical, and environmental darﬁage. For
semiconductor applications the molding compound must possess
properties of high electrical insulation. In cases where the semiconductor
device ge_nerates heat at a relatively low level the ‘molding compound may |
consist solely of an epoxy composition or ofa compoéite_ of an epoxy resin
formulation and filler. Epoxy resins are known to have high electrical
insulation properties but possess very low thermal conductivity. For
semiconductor devices _fhat produce a great deal of heat a very high
thermal conductivity encapsulant or package is mandatory. (_:urtently,
where very high thermal conductivity is required a package composed
ehtirely of ceramic is used. prever, ceramic packages are very

expensive and require specialized processing. Therefore as semiconductor
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devices become mdre powerfull and smaller in size the demand for a
molding compound having much higher thermal conducﬁvity than currently
commercially available will substantially inc_:réase.

Commercially avéilable molding compounds for use in plastic
microelectronics packagihg typically have thermal conductivity values in
the range of 0.7W/m°K. Molding compounds with fillers optimized for
thermal conductivity are available with thermal ooﬁductivities of 2t0 3
W/mK although in a literature article in the 1988 IEEE by éujard entitled
Thermal Conductivity of Boron Nitride filled Epoxy Resins:Temperature
.Dependence and Influence of Sample Preparation moiding compound
formulations are claimed to have been made up to 4.5Wim°K.

Currently, fused silica is the predominant filler used ‘in
thermal molding compounds due to its low cost, low thermal expansion,
and low electrical conductivity. It is known that boron nitride can be used
as a filler and substituted for fused silica (SiOz) to provide low thermal
expansion and high 'ele'ctrical resistivity. Boron nitride shc;uld also
substantially increase the thermal conductivity of a polymer-ceramic
composite provided it is heavily loaded into the polymer-ceramic, i.e., the
concentration of boron nitride in the base polymer composition is high;
Stated otherwise, in order to get a higher thermal conductivity, high boron
nitride filler loadings are required. Unfortunately a high loading of boron

nitride has been found to subsfantially inhibit the “flow properties” of the
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composite. Flow is a .necessary d1aracteristic of the material for use as a
filler in a conventional epoxy resin molding compound foﬁnulation, i.e., the
mixture of materials must flow under oqnditions simulating those in
conventional transfer molding processes. The standard test used by the
industry to measure the flow properties of a cbmposite molding compound
is the "Spiral Flow Test" which méasures the distance that the molding
compound is able to move through a spiral ﬂoiv canal in a spiral flow test
mold using a transfer press under a given standard bressure and
| temperature conditions. The spiral flow measurement should be
reasonably high and should compare to the spiral flow characteristic of that
- of standard commercially availablé epoxy molding compound formulations
loaded with fused silica which ié generally above 15 to 20 inches.
Heretofore the maximum spiral flow measurement obtainable with an epoxy
bordn nitride composition having a boron nitride loading of 65% or over
was about 5 inches. The use of boron nitride as a filler for othér
‘applications is also limited by the flow properties of the material
composition containing the boron nitride filler.
SUMMARY OF THE INVENTION

It has been discovered in accordance with the present
invention that boron nitride may be used to enhance the thermal
conductivity of any polymer base_d molding compound so as to achieve

thermal conductivities of above 5 W/m°K and preferably in a range of at
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least 6 to 11.6 Wim°K based upﬁn the level of loading of boron nitride in
the selected polymer base molding formqlation without inhibiting the flow
properties of the molding formulation. In fact it has been discovered that
the flow propérties of the polymer base molding formulation may be
significantly increased to a spiral flow reading of at least 10 inches in
accordance with the standard spiral flow test b_y the judicious addition of
a predetermined nonionic surfactant. When th'é thermal conductivity is at
a value of abdve 5 W/m*K and befween 6 to 11.6 W/m°K or higher simple
plastic packaging may be used to protect microelectronic chips instead of
having to go to ceramic packaging. Alternatively high thermal conductivity
packaging may be used in place of dt_esighs using heat remm)al fins, heat
sinks and heat spreaders. In fact at such high a thermal conductivity the
‘package itself can now be used as a conduit for heat removal from the
silicon chip. Similar utilization of the enhanced boron nitride compositipn
of the squect invention can be useful for all sorts of applications, such as
liquid encapsulants, underﬁl'ls, overfills, potting compounds, print‘ed wiring
boards, silicone rubber pads, adhesives, and engineering plastics, all of
which have applications requiring high thermal conductivity. |

it has also been further discovered in accordance with the
present invention that when the boron nitride is in the form of particles
having a predetermined distribution of particle sizes the flow properties

and thermal conductivity of the boron nitride is increased.



Accordingly, a boron nitride composition has been
discovered for use as a filler comprising a composition of particles of boron
nitride and a nonionic surfactant selected from the class consisting of
carboxylic acid emides and carboxylic acid esters. The boron nitride
particles should preferably have a distribution of agglomeretes having an
average particle size in the range of between 20- 80 microns.

The present invention also relates to a molding compound
having a high thermal conductiyity of above at least 5 W/m°K comprising
a polymer base material, a ﬂlier, and a nonionic surfactant with the filler -
comprising boren nitride in a concentration of at least 60% by weight of
said compositien and wherein said surfactant is sejected from the class
consisting of carboxylic acid amides and carboxylic acid esters.

BRIEF DESCRIPTION OF THE DRAWINGS
The advantages of the present invention will become apparent from the
following ‘detailed description of the present invention when read in
conjunction with the accompanying drawings of which: -

| FIG 1 is a graph showing the thermal conductivity
| characteristic of boron nitride in-a conventional epoxy resin forrnuletion
based upon the content of boron nitride in weight percent;

FIG 2 is a graph showing the effectiveness of the addition of

a nonionic surfactant to the boron nitride-polymer flow properties;
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FIG 3 is a graph éhowing the effect on spiral flow as a
function of the concentration of boron nitride filler for- two different molding
compounds; | | |

FIG 41s a graph showing the effect of thermal conductivity as
a function of increésed boron nitride filler concentration in the two molding
compounds of Fig. 3;

FIG 5 shows the preferred particle size distribution curve for
the boron nitride powder composition of the present invention and

FIG. 6 shows a comparison parliéle size distribution curve for

a boron nitride powder composition. -

DETAILED DESCRIPTION OF THE INVENTION

In order to form .a molding compound a combination of filler
and polymer are combined and mixed in a standard process including the
steps of ball milling, hot roll milling and transfer mol&ing. Any polymer base
material may be used such as, fbr example, a polyimide, époxy, cyanate
 ester or polyester. Epoxy formulations which are low in cost are currently
preferred.
Step 1: Polymer Mix Preparation
A master batch of epoxy cresél novolak (“ECN") Was prepared by mixing
300 grams of epoxy cresél novolak granuies with 10 gms of carnuba wax
by melting and mixing on a 2 roll-mill at 105 °C. This ECN mixture was

cooled as a sheet and crushed by mortar and pestle. A-master batch of
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'Phenyl Novolak hardener ("PN") was Mmd by blending 200 gms of PN
with 4 grams of Triphenylphosphene catalyst.
Step 2: Ball Milling | |

The correct amount of BN ﬁllér powder, ECN master batch.
and PN master bétch are weighed out and directly added to a bél_l mill; The
total weight of the filler and polymer mfx used in the ball mill was 100
grams with the ECN and PN master bétch ratio at 3 to 2. The ball mill was
then sealed tightly and placed on the large rolling mill for 1 hour. The
material was then screened with a 5 mesh plastic screeh which quickly
separated the mill media from the powder mixture.
Step 3: Roll Milling

The ball milled BN powder -polymer mix Powder is added to
the hot roll mill which is usually at 95-105°C and the powder mixture is
mixed using the roll mill in a conventional fashion. After the polymer
material wets out over the filler and is mixed thdroughly. the material is
removed from the roll, cooled and broken up with a mortar and péstle into
a granular like form. This material is now ready fdr the transfer molding
- process. |
Step 4: Transfer Molding and Spiral Flow Testing

Approximately 20 grams of roll milled granﬁlar matérial were

weighed out for each use of the spiral flow mold.



The testing procedure is as follows: the transfer press is
prepared for testing by heating and controlling the fempe_rature of the
plates at 175°C with the spiral flow mold :_:lainped in place between the
heated plates ar_md the plunger touching the mbld. The syst_em |s then
- allowed to reach equilibrium at the operating temperature. Next the plunger
is opened, the machine set on apto, and tﬁe plates clamps are cloéed. The
plQnger pressure is set automatically to reach a pressure of 1000 psi in the
transfer press pot and the clamp hydraulic pressure gage is set to register
2000 psi. The material is inserted quickly into the pot and immediately
following insertion of the material, the ram is closed to apply the necessary
pressure on the matérial. | .

The spiral flow of the material was recorded as the farthest
point at which the material completely filled the spiral cénal of the molid.
Three runs were taken and the flow distances for each run were recorded.

| The benefit of using boron nitride as the filler is apparent
from Figure 1 which demonstrates the increase.in thermal cond;xctivity in
a conventional epoxy molding composition with increased BN loading.
Figure 2 shows the added effectiveness of the addition of é nonionic
surfactant to the flow properties of the molding compouqd. However as is
shown in the following table |, from which the points of Fig. 2 wére taken,
the addition of any surfactant becomes a detriment above a concentration

of about 4.5% of the BN filler weight in that above this concentration the
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presence of the surfactant adversely affects the thermal conductivity of the
composition cauéing it to drop. In deriving the data éet' forth in table 1 an
ECN-PN transfer molding compositibn was loaded with 70 wt % bpron
nitride. A Sorbitan Monosteafate surfa.ctant was added int_o this
composition at increments of 1 to 5 percent by weight of 'the BN to
determiné its effect on spiral flow and thérmal c;onductivity.

TABLE 1
Surfactant addiion 1% 2% 3% 4% 5%
Spiral Flowininches 34 62 105 157 271
Thermal Cond. Wim°K 607 7.25 968 116 106

From the above table 1 it is. apparent that the benefit of a nonionic
surfactant is cumulative to that realized from using a boron nitride filler
within a narrow concentration range for the surfactant of between 1 to
4.5%. The increase in both flow properties and thermal conductivity using
an ECN-F_’N transfer molding composition containing boron nitride and a
surfactant additive are further demonstrated from the following Examples
1-4 as compared to examples without a surfactant additive. The typical
pfoperties of the Powder formulations for the folloning examples are

shown below in Table 2;

TABLE 2
TYPICAL POWDER PROPERTIES
‘Avg. Particle  Surface Area -325Mesh
Size (microns) m?/g %

POWDER A 9 5 | 99.9
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POWDERE 60 15 15

POWDER C 20 3 _ 99
POWDERD 45 2 _ §0
POWDERE 10 - ' 2 999
Example 1

A master batch of epoxy cresol novolak ("ECN") was prepared by mixing
300 grams of epoxy cresol novolok granules with 10 gms of camuba wax
by meiting and mixing on a 2 roll mill at 105 °C. This ECN mixture was
cooled as a sheet and crushed by mortar and pestle. A master batch of
Phenyl Novolak hardener (“PN") was prepared by blending 200 gms of PN
with 4 grams of Triphenylphosphene catalyst. Hexagonal boron nitride
powder (* Powder A") was coated with 2 wt% sorbitan monostéarate by 1)
dissolving sofbitan monostearate (“SM”) in isopropyl alcohol, slurrying
boron nitride in isopropy! alcohol with the SM, and stirring this mixture for
1 hour while heating to around 30 °C, then further heatihg and stirring until
most of the volatile cdmpoun_d is femoved. The Ia-ét volatiles are removed
by drying at 100°C . |

A moiding compound was made by adding 24 gms of ECN master batch,
16 gms of PN master batch, and 60 grams of sorbitan coated hexagonal
boron nitride powder grade “Powder A" to a ball mill followed by milling for
- one hour. Next this blend was melted and mixed on a 2 roll mill, then
removed from the mill in sﬁeet form. The sheet was crushed in preparation
for spiral flow testing. The crushed mix was added to the pot of a transfer

press, and was pressed into a conventional “EMMI Spiral Flow Mold”
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made by the Hull Corporation at a temperature of 175 °C and a pot
pressure of 1000 psi. The material flowed 9.5 inches(20669). In a
separate test an additional 2 gms of SM }vés added to the ball mill in
addition to the co_ated BN powder, PN, and ECN. The resultir)g flow was
29 inches.(20757). The same composition using uncoated Powder A, and
adding 2 gms SM to the ball miil flowed 26.5 inches.(20756.1) The thermal
.conductivity of this sample was 6.8 erh°C. The same process as
described above was employed for the same compqsition without Sorbitan
Monostearate coating or additive on the boron nitride powder. The
resulting flow was 7.5 inches. (20820).
Example 2

A formulation was prepared consisting of a mixture of 70
grams of preferred BN powder (“Powder D*) which was coated with SM, 18
~grams of ECN master batch, and 12 grams of PN master batch. This
preferred.powder D has é wide particle size distribution as is shown in
Figure 5§ having an average particle size of preferably beMe;en 20-80
microns. The average particle size is determined using a laser technique
particle size énalyzer. This distribution consists primarily of dense BN
agglomerates with relatively few superfine particles. ‘I_’he mix was ball
milled, roll milled and transfer pressed into a spiral flow mold as described
in example 1. The spiral flow was 7 inches, and the thermal conductivity

was 6.91 W/m°C. (20826). The flow of the same composition, using
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uncoated powders was 5 incheé (20822) and the material stuck to the
mold. it had a Thermal Conductivity of 6.8 W/m°C. Further without the SM
coating on the powders, but with adding 3% by weight of the filler as SM
to the mix in the ball mill, the spiral flow was 13.5 inches, with a thermal
conductivity of 11.6 W/m°C (20831). Finally, using both coated powder and
3 % of the filler by weight added as SM td the ball mill, the spiral flow was
28 inches, with a thermal conductivity of 8.2 Wim°C (20832). The following

data conforms to the previous two examples:

Example 1 Example 2
' 60% Filler 70% Filler
BN Powder Flow 7.5 5
T.C. 6.8
BN Powder
coated with SM Flow 9.5 7
T.C. 6.9
BN Powder
+3% SM Flow 26.5 13.5
- T.C. 6.8 - 116
-BN Powder coated :
with SM + 3% SM  Flow 29 28
T.C. 8.2

Example 3 - Powder comparisons

Three percent SM was added to each of 5 BN powders followed by ball
milling with the ECN-PN formulation identified in Example 1. The spiral
flow was compared to that of the same powder without the SM additive.

Res_ults are tabulated bel.ow:
Spiral Flow Wt. % Filler TC

Powder A (20850) 3.1 65 42
Powder A & 3% SM (20862.4) 14.6 65 - 6.1
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Powder B (20836.1) 8.5 65 _
Powder B & 3% SM (20836.2) 17.9 65 . 88
Powder C (20840.1) 3.8 65 .
Powder C & 3% SM (20836.2) 191 = 6§ 8.1
Powder D (20904) 6.0 - 65

Powder D & 3 % SM (20863.4) 30.9 - 65 8.7
Powder E (20839.1) 4.1 65

Powder E & 3 % SM (20839.2) 13.6 65 71

The size distribution of the particles also affects spiral flow with the particle
size distribution of Powder D as shown in Figure 5 with its average size in
a range of between 20-80 microns. When the éverage particle size of the
composition is relatively high i.e. above 20 microns higher flow levels are
favored as well as higher thermal conductivity as compared to when the
distribution of the particles has an average particle size substantially below
20 microns as e.g. Powder A as shown in Figure 6'in which the average
particle size is only about 10 microns because of the substantial number
of superﬁné particles and an absence of any agglomeraies above 15-20
microns.

EXAMPLE 1V _

Spiral flow and thermal conductivity were measured for Powder A and
Powder D using the same composition as identified in Example 1 with 3%
SM by varying the BN content. The results are shown in Figure 3. Spiral
~ flow for Powder D is much higher than for Powder A at the same loading

level.
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What we claim is:

1. Ahigh thermal conductivity molding oomposiiioh having a
- gpiral flow of ébove 10 inches and a the'r;nal conductivity of above 5
W/m°K comprising a polymer base matrix, a boron nitride filler in .a
concentration of above 60% by weight and an additive consisting of a
nonionic surfactant selected from the group consisting of carboxylié acid
amides and carboxylic acid esters in a concentration of above at least 1%
by Weight .

2. A high thermal conductivity molding composition as
defined in claim 1 wherein éaid additive is sorbitan monostearate.

3. A high thermal conductivity molding composition as
defined in claim 2 wherein said polymer base matrix comprisés an epoxy
resin formulation of an epoxy cresol novolak and phenyl novolak.

4. A high thermal conductivity molding composition as
defined in claim 3 wherein said additive lies in a range of between 1-4.5%
by weight. |

5. A high thermal conductivity molding composition as
defined in claim 1 wherein said boron nitride filler is in a particulate form
having an average particle size of between 20-80 microns.

6. A boron nitride composition for use as a filler consisting
essentially of boron nitride and a nonionic surfactant selected from the

group consisting of carboxylic acid amides and carboxylic acid esters.
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7. A boron nitride composition as defined in claim 6 further
comprising a polymer matrix with said pol_ymer matrix cbnsisting of epoxy
cresol novolak and phenyl novolak and with the concentration of said ’
surfactant in a range of between 1-4.5% by weight.

8. A boron nitride composition as defined in claim 6
further comprising a boron nitride powder with an average particle size of
20-80 microns. a

9. A boron nitride composition as deﬂnéd in claim 6
further comprising a boron nitride pdwder with an average particle size of

1-20 microns.



