-1- . 'ENHANCED BORON NI TRI DE COMPGOSI TI ON AND POLYMER

BASED HI GH
THERVAL CONDUCTMIY MOLDI NG COVPOUNDY FI ELD Wﬁb-b
| NVENTI ON - The present invention relates to a boron nitride

conposition: for use particularly in focging a high thermal congueti v
nol ding conpound and to a pol yner based nol di ng conpound cont ai ni égpyor on
BACKGROUND OF | NVENTI ON A nol di ng
conmpound is used in the sem conductor industry as a packaging material or

as an encapsul ant r cl senl é ' r
eect e ana o s e

cases where the sem conductor device generates heat at a relative
| evel the nolding conpound rmay ' '

nitride.

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

ity

| ow

device generates 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 conduc_tivity. 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



consi st- solely of an epoxy conposition or of a conposite of an epoxy resin
formulation and filler. Epoxy resins are known to have high electrical

i nsul ation properties but possess very |ow thermal conductivity. For

sem conduct or devices that produce a great, deal of heat a very high .
thermal conductivity encapsul ant or packade is mandatory. Currently, where
very high thermal conductivity is required a package conposed entirely of
ceram c is used. However, ceram c packages are very expensive and require
speci al i zed processing. Therefore as sem conduct or

-2-  devi ces bdeviges memorfeu powedful and smaller in size the demand ffor an

nmol di ng conpound havi ng nuch hi gher thermal conductivity.than currently

commerci al |y avmblgﬁbé €oipblind Waﬁlg%hhéﬁ higfrie?ﬂiéiﬁi‘a‘rconductivity than currently

Commerci al Iy avai l e nolding c ounds Tor use in plasticC

m croel ectr.oni c&tﬂ&%&ghy%v%}igb@avu"ysdb%\{gmm@riweé%?duct ivity values in

Commercially available 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 eject'rical 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 hih loading of boron

nitride has been found to subsfantially inhibit the “flow properties” of the



the range of 0.7Wnierr]K Ml ding conpounds wth fillers optim zed for
thermal conductivity are available with thernmal conductivities of 2 to 3
‘Wnierr]K although in a. literature article in the 1988 | EEE by Bujard
entitled Thermal Conductivity of Boron N_ié[ide filled Epoxy

Resi ns: Tenperature Dependence and Influence of Sanple Preparation nolding
conpound fornulations are clained to have been made up to 4.5Wnfierr] K
Currently, fused silica is the predomnant filler used in thermal nolding

conpounds due to its | ow cost, ‘low thernal expansion, and |ow el ectri cal
conductivity. |¢ompositeJiowriaa mesessary chatasteristic.of thesmaterial for use as and
substituted for fused silica (SiQ2) to provide |ow thermal expansion and

hi gh el ectri calfiliet 4 atdorvébitiorie résin fsoldingdompdurel formalation i.el,! the
i ncrease the thermal conductivity of a polymer-ceramc conposite provided

it is heavily | i ) r r.aim b Qisin oL N i of
boron nitride |@ﬁgﬁge b%&@‘%%ﬁ?’%ewgrpp@gi%% Pg"ﬁ'lt'é’ﬁ‘[‘ g@"@?@'@&% hgrévmﬁge,
in order to get a higher therpal copductivity, high boron, nitri filler
| oadi ngs are r ceRMYEiongl transfar-me &)]nﬁpﬁ?‘iﬁﬁ 682 gndacd tast Uﬁﬁgﬁmj@eﬂas
been found to substantially inhibit the "flow properties"” of the

industry to measure the flow properties of a composite molding compound

is the "Spiral Flow Test" which measures the distance that the moliding

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

'applicatiqns 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



-3 - . conposite. Flowis a necessary characteristic of the material for
"use as a filler ina conventional epoxy resin nolding conpound

formul ati on,

i.e., the mxture of materials nmust flow under conditions
simul ating those in conventional transferg polding processes. The standard
test used by the industry to neasure theﬁ

nmol ding conpound is the "Spiral Flow Test" which neasures the distance
that the nolding conpound is able to nove through a spiral flow canal

spiral flow test

| d
leaste 40 16 WWIMIK besed Upen theilevel of lsading-ch bareBmitisem d be

pressure and

usin ‘transfer press under a given standard

reasonably hi gh and shoul d conpare to the spiral flow characteristic of

that of standathe seleeted polyner base ndidingformulationiwithoadinhibiting the flow

formul ati ons

epoxy

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.

| ow properties of a conposite

in

| oaded with fused silica which i's generally above 15 to 20

| nches. Her et obidpBriélof the MOlIRG'fofmulatil. PR ItES beBR 'discbidrSd that" 2n

a



boron nitride conposition having a boron nitride |oading of 65% or over

was about 5 inches. The use of boron nitride as a filler for other
applications is also limted by the flow properties of the materi al
conposition containing the boron nitride-fgller. SUMVARY
OF THE | NVENTI ON It has been discovered in accordance wth
the present invention that boron nitride nay be used to enhance the
thermal conductivity of any polyner based nol di ng conmpound so as to

achieve thermal conducti |)_(| i e ngqy, agovborgnwrﬂncfer]&lﬁ gsﬁiro f I
et 11 6

range of at
Wnierr] K based upon the |evel of |oading of boron nitride |n the sel ected

pol yner base mlanvgred)fqmsatamﬁllmmnsmampo;rttqmoffpamclqa@fdmmnes of

the molding formulation. In fact it has been discovered that
nitride and a nonionic surfactant selected from the class consisting of

carboxylic acid amides and carboxylic acid esters. The boron nitride
particles should preferably have a distribution of agglomérétes having an
average particle size in the range of between 20- 80 microns.
| The present invention also relétés 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 borcn nitride in a concentration of at least 60% by weight of
said compositicn 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 forrnulation
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;



the flow properties of the polynmer base nolding fornulation may be
significantly increased to a spiral flow reading of at |east 10 inches in
accordance with the standard spiral flow test by the judicious addition of
a predeterm ned nonioni c surfactant. Wien8the thernmal conducti vi ty is at a
val ue of above 5 Wnierr]K and between 6 to 11.6 WnK or higher sinple

pl astic packaging may be used to protect nicroel ectronic chips instead of
having to go to ceram c packaging. Alternatively high thermal conductivity

packagi ng may be used in pjg®i®fa gﬁéﬁwrshouﬁﬁ thécsffectom \spiral iflsw dseat
si nks and heat spreaders. 'In fact at such high a thermal conductivity the

G oon chi p. SO ON I3 cPBSentBich Sripieh itide sllé6tor T fterabolifa, . on

of the subject invention can be useful for all sorts of applications, such
as |iquid encSPBWROMNGS; underfills, overfills, potting conpounds, printed
wiring boards, silicone rubber pads, adhesives;, and engi neering plastics,

all of which have appli FIG 40$a \ Showingi thé effect ofttheamnaloriductivity as

It has al so been further discovered in accordance with the present
predet er m ned. 81dpiast B iBGreaRed ot e Kllef enceitHifen A3kl teoldiay’ o 2
compounds of Fig. 3; o
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 particle 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



and t hernal - conductivity of the boron nitride is increased.

5 - Accordingly, a boron nitride conposition has been

di scovered for use as a filler conprising a conposition of particles of
boron nitride and a nonionic surfactant -detected fromthe class consisting
of carboxylic acid ami des and carboxylic acid esters. The boron nitride
particles should preferably have a distribution of aggl onerates having an
average particle size in the range of between 20- 80 m crons.

The present i nveRda Novoldk ﬁﬁaahsﬁgpwﬁua? \sHied BYSI6AdIng 200 Bthsof PRD

thermal conductivitly of above at |east” 5 mMerr] K'conprising ~a pol yner
base material . ithddins ST PuloRpbanats baRR mih the Dller
sai d conpositi osnte%nzd: \g;lelrwelii"?ngsai d surfactant is §el ected fromthe cl a.ss
The correct amount of BN filler powder, ECN master batch.
and PN master batch 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 granular matérial were

weighed out for each use of the spiral flow mold.



consi sti ng of car boxyi I c acid am des and carboxylic acid esters.
BRI EF . DESCRI PTI ON OF THE DRAW NGS The advant ages of the present invention

wi || becone apparent fromthe follow ng detailed description of the
present invention when read in conjuncki8+ wth the acconpanying draw ngs
of whi ch: FIG1 is a graph showing the thermal conductivity

characteristic of boron nitride in a conventional epoxy resin formulation
based upon the content of boron nitride in weight percent;

FIG 2 is a graph showi ng ffect | - addl i Qni c
surfactant to.-the boron nﬂ‘?i tégilﬁglé/r#g?a?fem?é Egrc}@gra?{gégﬁgwerapmy& s
FIG 3 is a graph showing the effect on spiral .flqQw as, a_ function of the

. I f
concentration direpares fer testing PYIH@'%FNQ\@W&*@@RQ teaweratyre i #h8unds:
plates at 175°C with the spiral flow mold clamped 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



FIG 4 i.s a graph showing the effect of thermal .conductivity as a function
of increased boron nitride filler concentration in the two nol ding

conmpounds of Fig. 3; FIG5 shows the preferred particle size
distribution curve for the boron nitrideSpowder conposition of the present
I nventi on and ' FIG 6 shows a conparison particle size
distribution curve for a boron nitride povvder conposi tion.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON In order to form a

rr?l(ce“cin?ncgms)?;gﬂe JR%;Egcess I nc .é?\%é'tgﬁ'! steps o &ﬁtﬁe} hot roll
25, for exanpl EOMPASAG G%ng%&opy i feriting necieia 4 séﬁréﬁ&ﬁiéé"eﬁ““

formul ati ons WhICh are Iowm cost are currently . preferred. Step 1 :

Pol ymer M x Pr §EN:RNdransferamolding ompasitionp wes. loasled with 78 wk % bmm) was

prepared by m xing 300 granms of epoxy cresol novolak granules with 10 gns

of carnuba wexnitride. A Sorbitan Monostearate surfactant was added into this
composition at increments of 1 to 5 percent by weight of the BN to
determiné its effect on spiral flow and thermal conductivity.

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



by nmelting and mxing on a 2 roll mll at 105 [err]C This ECN m xture was
cool ed as a sheet and crushed by nortar and pestle. A master batch of

-7 - Phenyl Novol ak hardener ("PN') was prepared by bl ending 200 gns of
PN with 4 grans of Triphenyl phosphene caf@l-yst Step 2: Ball MIling

The correct anmount of BN filler powder, ECN master batch and PN nmaster
batch are wei ghed out and directly added to a ball mll. The total weight
of the filler and polyrrer mx used in the bali mll was 100 grams with the

ECN and PN Mastsg ratio at 3 o 2. The ball 4l | was then sealqgd
tightly and pI elargero |ng mll for 14hour. The materi vvas
then screened 8 sh pl astl screen whi ch qgii ckly- separated

mll media fro r mxture St_ep 3: Roll 2IIing

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”



The ball m+led BN powder -polynmer m x Powder is added to the hot roll

mll which is usually at 95-105C and the powder m xture is m xed using the
roll mll in a conventional fashion. After the polyner wmterial wets out
over the filler and is mixed thoroughly,~the material is renoved fromthe
roll, cooled and broken up with a nortar and pestle into a granular like
form This material is now ready for the transfer nolding process. Step
4. Transfer Ml ding and Spiral Flow Testing - Appr oxi mately 20

grams of roll Waddbytil Nl CBbFdtn s tetiBbritife 1178788 4'Hot°"

the spiral flow

The testing procedure is as follows: the trapsfer, press.is ared for
testing by heaf¥@ssufied of cHIQQ, psi.ndhenmatenigle Q‘Nﬁfde&@f in s(%ﬁég P a7s5cC

with the spiral flow nold clanped in place between the
separate test an additional 2 gms of SM was 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



heat ed .pl ates and the plunger touching the nold. The systemis then
allowed to reach equilibriumat the operating tenperature. Next the plunger
i s opened, the nmachine set on auto, and the plates clanps are closed. The
plunger pressure is set automatically tq4each a pressure of 1000 psi in
the transfer press pot and the clanp hydraulic pressure gage is set to
regi ster 2000 psi. The material is inserted quickly into the pot and

i mMediately following insertion of the material, the ramis closed to

ly the - hy t eLj . h i,fal
oW o " e tbEpHod Howhes i SochRb (48221 and the et ek 8 e
material conpletely filled the spiral canal of the nold.. Three runs were

taken and the fiald ltthad aferial Condabtivityof @.8-W/m°GQ: Ferther without the SM The
benefit of using boron nitride as the filler is apparent fromFigure 1

whi ch denonst r ghafing loh thaPGedérs Bui%ﬂtf\iﬁ@%fﬁ%%i%tbfmé‘gﬂﬂnﬁwona'

epoxy nol di ng conpo3ition W th increase gure shows t he
added effectiv s af .the addi tiog of a ni.oni ¢ factant, to.the flow
O onerti e of - TATYE ot in e Bl shilc thedbnBalo e 133 TocASh Wit thatigl, g
table 1, fromwhich the points of Fi8832 wer e taken, : .
conductivity of 11.6 W/m°C (20831). Finally, using both coated powder and
3 % of the filler by weight added as SM to the balll 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 below:
Spiral Flow Wt. % Filler TC

Powder A (20850) 3.1 65 42
Powder A & 3% SM (20862.4) 14.6 65 - 6.1



the addition of any surfactant becones a detrinent above a concentration -
of about 4.5% of the BN filler weight in that above this concentration the
presence of the surfactant adversely affects the thermal conductivity of
the conposition causing it to drop. In degiving the data set forth in
table 1 an ECN-PN transfer nolding conposition was. |loaded with 70 wt %
boron nitride. A Sorbitan Mnostearate surfactant was added into this
conposition at increnments of 1 to 5 percent by weight of the BNto
determne its effect on spiral -flow and thermal conductivity.

TABLE 1 SurfactRowdenBi(20836.11 v 200 8%  4%65 50 Spiral Flowin
inches 3.4 PowdenB &3% SM (2083612 h&7:81 Cond 65V nferr]&86.07 7.25
9.68 11.6 10.Rowder0 (20840Mjve table 138 is ap@Fent that. the benefit of
a nonioni ¢ sUFGKEGNC & 3% SV (20838:2) 0 191¢t real igged from gsf ng a boron
nitride filler PdW&@fﬂ(QOQ@Kf ow concentrggon rangg for the surfactant of

between 1 10 powder D &3 % SM (20863.4) 309 65 8.7
Powder E (20839.1) 4.1 65
Powder E & 3 % SM (20839.2) 13.6 65 7.4

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 parficle 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.



4.5% The increase in both flow properties and thermal conductivity using

an ECN- ““mm{“"umml g. conposition containing boron nitride and a
surf act al urther denonstrated fromthe foll owi ng Exanpl es _

14 as conpartd Lto"'exaslrrpres wi t hout a sucfqaget ant additive.” The typical
properties of the Powder fornulations for the follow ng exanples are shown

bel ow i n Tabl e 2: TABLE 2 :
TYPI CAL POADER PROPERTI ES _ -Avg. Particle Surface Area
- 325Mesh - .. Size (mcrons) mMerr]/g %
POWDER A What wg claim is: 5 99. 9 POVDER
B 60 1.5 15 PONDER C 20
3 99 POWDER D _ 45 2

50 PONDER E 14. A high thermal conductivity molding compadsitioh having a

- gpiral flow of ébove 10 inches and a thermal 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.



Exanpte—t+—A-aster—batth of epoxy cresol novolak ("ECN') was prepared by

m Xi ng oxy cresol novol ok granules with 10 gnms of canuba

vvax uuﬁﬁiﬂmgﬁmﬂl ng on a 2roll mll at 105 [err]C This ECN m xture
and crushed by mu4gr and pestle. A master batch of

Phenyl Novol ak hardener ("PN') was prepared by bl ending 200 gns of PN wth

4 grans of Tri phenyl phosphene catal yst. Hexagonal boron nitride powder ("
Powder A") was coated with 2 wt% sorbitan nonostearate by 1) dissolving

sorbi-tan nmonostearate ("SM') .in isqQprop al cghol rr bag n| tr| de
in isopropyl alcohol wt -tAebOSW E %gquPﬂQODrﬂ%éﬁj’lQ‘x &Fﬂf‘éﬁ‘
whil e heating to around 30 [err]C, then further heating and stirring unt|I

nmost of the volcamiprisingapalymrer matrixrwithcsaid pelymet matrixcohsisting of epoxyed
by drying at 100C . ‘A nolding conpound was nade by addi ng 24 gns of ECN

gigggngﬁt CBor Sﬁ%\?ﬁ?ﬁa&éﬁﬁgﬁﬂgﬁ'&@aﬁﬁuiﬂ‘ to a af:?ﬁeéﬁ’ﬁf ol %Sdby
M1 Then  roROUBGARINA HOOR O DINOER - SR WekB s et was crushed | n
breparation 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 powder with an average particle size of

1-20 microns.



for spiral-flow testing. The crushed m x was added to the pot of a transfer
press, and was pressed into a conventional "EMM Spiral Flow Ml d"

made by the Hull Corporation at a tenperature of 175 [err]C and a pot
pressure of 1000 psi. The material flowqg2 5 inches(20669). In a separate
test an additional 2 gnms of SMwas added to the ball mlIl in addition to
the coated BN powder, PN, and ECN. The resulting flow was 29

i nches. (20757). The sane conposition using uncoated Powder A, and adding 2

gns SMto-the ball mlIl flowe 5 140G he t her mal
conductivity of this sanple vé@és'%ﬁﬁﬁsrﬁéq&%wess as descri bed
above was enpl oygguhRERDBORGNENEPREDR! EOMPOSLTION! ARD! POLYMER NBASED ear at e
coating or additive ofy&heTHRRMAT NCONDOETPVINE MOLDENG €OMPOUND f| ow was
7.5 inches. (20820). - Exanple 2 : ' ' .
The present invention relates to a boron nitride composition

of particles of boron nitride and a nonionic surfactant for use as a filler with

a distribution of agglomerates having an average particle size in the range

of between 20-80 microns and to a molding _compound having a high

thermal conductivity of above at teast 5§ W/m°K. The molding ¢ompound'

comprises a polymer base material, a filler and a nonionic surfactant with

the filler comprising boron nitride in a concentration of at least 60% by

weight of said composition and wherein the nonionic surfactant is selected

from the class consisting of carboxy_lic acid amides and carboxylic acid

‘esters.

No appropriate’ figure



A formul ati on was prepared consisting of a m xture of 70 grans of
preferred BN powder ("Powder D') which was coated with SM 18 granms of ECN
master batch, and 12 grans of PN master batch. This preferred powder D -
has a w de particle size distribution as is shown in Figure 5 having an
average particle size of preferably between 20-80 microns. The average
particle size is determned using a | aser technique particle size

anal yzer. This distribution consists pri rily of dense BN aggl onerates
with relatively few superfine particles.” The mx was ball nmilled, rol
mlled and transfer pressed into a spiral flow nold as described in
exanple 1. The spiral flow was 7 inches, and the thermal conductivity was
6.91 WntC. (20826). The flow of the sane conposition, using

-12- uncoat ed powders was 5 inches (20822) and the material stuck to the

Thermal Conductivity vs BN Loading
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nold. It had a Thermal Conductivity of 6..8 Wnferr]C. Further wthout the
SM coating on the powders, but with adding 3% by weight of the filler as

SM to the mx in the ball mll, the spiral flow was 13.5 inches, with a
thermal conductivity of 11.6 Wnjerr]C (20831). Finally, using both coated
powder and 3 % of the filler by weight added as SMto the ball mlIl, the

spiral flow was 28 inches, with a thermal conductivity of 82 Wnjerr]C
(20832). The following data conforns ﬁ%the previ ous two exanpl es:

Exanple 1 Exanpl e 2 60% Fi |l | er 70%
Filler BN Powder Fl ow 7.5 5 T.C
6.8 BN Powder coated with SM Fl ow 9.5 7

T.C 6.9 BN Powder +3%SM FI ow 26.5
13.5 T.C 6.8 11.6 BN Powder
coated with SM + 3% SM  Fl ow. 29 28

T.C 8.2 Exanple 3 - Powder conparisons Three

percent SM was added to each of 5 BN.powders followed by ball mlling with
the ECN-PN fornmulation identified in Exanple 1. The spiral flow was
conpared to that of the sanme powder without the SM additive.

LSpiral Flow vs Surface Modifier 1
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Results are tabul ated bel ow | Spiral Flow W. %

Filler TC Powder A (20850) 3.1 65 4.2 Powder A & 3%
SM (20862.4) 14.6 65 6.1

- 13- Powder B (20836.1) 5.5 65 Powder B & 3% SM (20836. 2)
17.9 65 8.8 Powder C(20840. 1) 3.8 65 Powder C & 3%
SM (20836.2) 19.1 65 8.1 Powder D (20904) 6.0 65
Powder ‘D & 3 % SM (20863.4) 30.9 3 8.7 Powder E (20839.1)

4.1 65 Powder E & 3 % SM (20839 2) {8 6 65 7.1 The size

di stribution of the particles also affects spiral flowwth the particle
size distribution of Powder D as shown in Figure 5 with its average size in
a range of between 20-80 microns. Wen the average particle size of the
conposition is relatively high i.e. above 20 m crons higher flow | evels are
favored as well as higher thermal conductivity as conpared to when the
distribution of the particles has an average particle size substantially
bel ow 20 mcrons as e.g. Powder A as shown in Figure 6 in which the average
particle sijze 1s onlyy_abhouf _TO M crons hecause of -t he substantial nunber] of

superfine fdarticleg SpprahEl@w\qesofBNngrjt es above 15-20 micrdns.

20
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g |
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EXAMPLE 1V Spiral flow and thermal conductivity were neasured for Powder A
and Powder D using the sanme conposition as identified in Exanple 1 with 3%
SM by varying the BN content. The results are shown in Figure 3. Spiral
flow for Powder D is nuch higher than for Powder A at the sanme | oading

| evel . - What we claimis: ' 1. A high thernmal
conductivity nol ding conposition having a spiral flow of above 10 inches
and a thernmal conductivity of above 5 Yygferr]K conprising a polyner base
matrix, a boron nitride filler in a concentration of above 60% by wei ght
and an additive consisting of a nonionic surfactant selected fromthe
group consisting of carboxylic acid am des and carboxylic acid esters in a
concentration of above at |least 1% by weight. 2. A high

t hermal conductivity nolding conpoesition as

Thermal Conductivity vs BN Loading
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definedin tlaim1 wherein said additive is sorbitan nonostearate.
3. A high thermal conductivity nolding conposition as defined in claim?2
wherein said pol yner base matrix conprises an epoxy resin formulation of

an epoxy cresol novol ak and phenyl novol ak. 4. A high thernma
conductivity nol ding conposition as- defined in claim3 wherein said
additive lies in a range of between 1-4.5% by weight. 5 A

hi gh thermal conductivity nol ding conpqgééion as defined in claiml
wherein said boron nitride filler is in particulate form having an
average particle size of between 20-80 m crons. 6. A boron
nitride conposition for usé as a filler consisting essentially of boron
nitride and a nonionic surfactant selected fromthe group consisting of

carboxylic acid am des and carboxylic acid esters. -15 -
Particle Size Dlstnbutlon
Powder D )

3 1 0.58 0.82 1.16 1.64 2.31 327 462 6.54 925 13- 18 26 31 92 7 104 148 209
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Figure 5



7. A boron ritride conposition as defined in claim6 further
conprising a polymer matrix with said polymer matrix consisting of epoxy
cresol novol ak and phenyl novol ak and with the concentration of sald

surfactant in a range of between 1-4.5% by weight. 8.
A boron nitride conposition as defined in claim®6 further
conprising a boron nitride powder with an average particle size of
20-80 m crons. 9. boron nitride conposition as
defined.in claim®6 further co sing a boron nitride powder with
an average particle size of 1-20 m crons.
Particle Size Distribution -
Powder A :

014 02 029 0.41 0.58 0.82 116 1.64 231 3.27 4.62 6.56 925 13 ll 2 31 92 74 104 148 209
0.17 0.24 0.34 049 0.69 0.97 1,38 1.94 2.75 3.89 55 778 11 15 i 88 124 176

Figure 6



