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Improved Process For Making Preforms Useful
For Encapsulating Semiconductors

BACK D OF THE INVENTI

L. Field of the Invention

This invention relates to preforms suitable for encapsulating electrical or
electronic devices.

1. Description of the Prior Art

Thermosetting molding preforms are conventionally used to encapsulate
electrical or electronic devices in a prdceés wherein the device is arranged in a mold
and the preform is heated to plasticize it and encapsulate the device, and then
allowed to cure. _ o _

The conventional method of making such preforms is to use tableting
equipment in which solid resin, which is usually premixed with filler and other
‘additives, is tableted under high pressure. The conventional method suffers
problems due to wearing of the tableting presses, as well as producing preform
tablets having voids and other quality problems. U. S. Pat. 4,554,126 to Sera disclosed
tableting under higher than usual pressures of 4 ton/cm? or more in order to reduce
the number of voids in the resultant preform tablets. Preform tablet density of 95%
or more is alleged by Sera by use of his method; such density would be highly
desirable if it were consistently achievable by Sera's method.

It has been a longfelt need in this art to find a more efficient method of
producing preforms and to prbduce preforms having very high quality.
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A. warming thermoset resin to form a warm melt without substantially
curing said thermoset resin; :

B. injecting said warm melt into a mold without substanhally curing said
thermoset resin; |

C. cooling said warm melt in said mold to form a solidified molding in the
form of a preform, and removing said preform from said mold without
substantially curing said thermoset resin.

The invention also comprises the resultant preforms which have improved
quality as evidenced by substantially no voids, a density of at least 95%, uniform
color, dust free, and substantially free of contamination. _

The invention also includes a method of encapsulating devices using the
aforementioned preforms, and the resultant encapsulated devices.

 Another aspect of the invention is a novel mold design which comprises an
ejector pin which is of the same cross-section as the mold cavity, and providing
means to adjust or index the travel of the ejector pin and thus adjust the depth of
the mold cavity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view in section of a conventional mold in closed
position, showing a molded preform in the mold cavity.

FIG. 2 is a side elevational view in section of a conventional mold in open
position, showing a molded preform being ejected. |

FIG. 3 is a side elevational view in section of the novel mold of the invention

in closed position showing a molded preform in the mold cavity.

FIG. 4 is a side elevational view in section of the novel mold of the invention
in open position showing a molded preform being ejected from the mold cavity by
means of a novel ejector cylinder according to the invention.

FIG. 5 is a side elevational cross-section of an injection molding unit useful
according to the invention, showing an improved mold ejector pin accordmg to the
invention.
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devi ces. epoxy/phenol novalak hardener systems.

The thermoset resin can be mixed with other materials such as fillers, curing
accelerators, release agents, flame retardants, and surface-processing agents,
preferably prior to step A. These other materials are conventional in the art, and
usually include at least filler, which is usually silica, and usually constitute at least
50, and up to 85% by weight. The mixture is usually referred to as the "preblend.”

The devices to be encapsulated are usually semiconductors, although other
electric or electronic devices, for example LED's, can also be encapsulated. Use of the
improved preform results in improved quality encapsulated devices, even when
conventional encapsulation methods are used. The encapsulation method typically
includes providing' a mold having an upper mold die and a lower mold die,
providing an electrical or electronic device to be encapsulated, plasticizing the
preform, fixing the device between said upper mold die and said lower mold die,
and injecting the resultant plasticized preform into the mold. '

The novel method of preparing the preforms can be conducted in a variety of
equipment capable of warming the thermoset resin without substantally curing it
to form a warm melt, then injecting the warm melt into a mold, and then cooling
the melt to form a solidified molding in the form of a preform without substantially
curing the thermoset resin. In the preferred method an injection molding
apparatus having a hopper 23, barrel 22, nozzle area 21, and sprue runner, as well as
a mold having a fixed plate and movable plate cavity area, preferably with cooling
means which can be a liquid cooling fluid such as chilled water, antifreeze, or
compressed gas, is used. The apparatus is arranged so that the warm melt is injected
from the nozzle into the mold cavity in which the preform is cooled. It is important
to control the temperature, pressure, and the like so that the thermoset resin does
not substantially cure in the warm melt or in the resultant preform because the
resin must not be cured until the preform is used to encapsulate the devices;
otherwise the preform will not be useful for its intended purpose.

The thermoset resin is usually mixed with fillers, curing accelerators, release
agents, fire retardants, and/or processing agents either prior to or during the
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which is preferably heated to about 5-10°C higher than the barrel temperature. The
shot size capacity is preferably 10 to 1000 grams, and more preferably about 40 to 600
grams. The warm melt is injected from the nozzle 21 through a sprue 27 in the |
fixed plate 16 into the movable plate cavity 15, where it is maintained for a short
period, usually a few seconds to a minute, preferably about 15 to 25 seconds. The
preform 17 is cooled and becomes dimensionally stable, and is then ejected (FIG. 5)
from the mold cavity 15 either by a conventional pin 14 or a novel pin
configuration 27. : |

. Conventional movable plate cavities which include an ejector pin 14 (FIGS. 1
and 2) can be used, but it is preferred to use a novel apparatus to eject the preforms.
The novel ejection means is a piston 27 which has the same cross-section as the
cylindrical mold 15. The piston 27 can be indexed with adjustable ejector activation
device 13 so as to change the size of the cylindrical mold and thus produce
cylindrical preforms 17 of varying lengths, as desired. The cross-section of the mold
and piston can be other than circular, e.g., square, if desired. Preferably, the piston 14
remains fixed and the movable plate 15 is thhdrawn or opened away from the fixed
plate 16 to eject the preforms 17.

One injection molding press can serve multiple mold cavities in order to
increase production rates in view of the relatlvely long cooling times reqmrecl
compared to the short injection times. :

The resuitant preform has higher than usual density, consistently above 95%
of theoretical density, which is a measure of void imperfections. Using the prior art
tableting process, maximum L/D (length over diameter) ratio was 2, whereas the
process of this invention permits L/D ratios up to 5. The novel preforms also have
the advahtages of much greater resistance to breaking and chipping, are of uniform
color, are dust free, have more consistent spiral flow values in that variations of less
than 0.75 inches are achieved versus up to 2 inches using the prior method. Flash
and bleed values for low viscosity products of 2-8 mm versus 6-20 mm for prior art,
and much better weight control due to minimal weight variations, are achieved.
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RAL METHOD '

An injection molding machine equipped with a powder feeding unit and a
wear resistant plasticizing unit having a shot size capacity between 40 and 600 grams
of epoxy, accompanied by a clamping unit having a clamping tonnage between 50
and 400 tons which houses the mold that produces the desired preforms, was used.
Preforms produced varied from 11 mm to0.35 mm in diameter and 25 mm to 40 mm
in height. ' - |

A screw and a heated barrel assembly function to heat soften (plasticize) the
plastic material without substantially curing the thermoset resin. The thermoset

. resin formulation is drawn into the barrel by the action of the rotating screw, and
softens due to frictional forces and the conductive heat input. The screw moves
back as a result of the pressure generated by the conveyed material in the head of the
screw and the amount of screw movement controls the quantity of softened resin
that is injected (shot size). The temperature used in the plasticizing unit is between
50 and 90°C. _ ' _

When the cycle commences, the mold closes and the heat softened material

" (plasticized material) is injected into the cavity of the mold through a feed system
(sprue and runners only, no gates). Itis injected by the action of the screw moving
forward, i.e., the screw acts as a ram. The pressure exerted on the melt is between
300 and 700 bar. This softened material after injection is maintained under pressure
higher than the melt pressure, to prevent plastic from flashing and also to cool and
render shape to the plastic in the mold which, contrary to conventional thermoset
molding, is kept cold, at between 10 and 25°C. '

Preform moldings become hard after cooling, after which the mold is opened
and the finished preforms are ejected out from the mold using the novel movable
bottom rather than an ejector pin.
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usual |y to as the "preblend.” The devices to be encapsulated are
usual |y sem conductors, although other electric or electronic devices, for

exanpl e pfddt p@gﬂu@édso be encapsul at ed. Pegoreh &Hﬁletéﬁ)rg‘qfqnﬂ{ eform
results in inproved quality encapsul at ed | ce en conventi onal
encapsul ation nethods are used. The encaﬂ%ﬁy%ﬁ‘%‘a?t hod® gg&‘@al ly includes
providing a nold having an upper nold di d’rafu;i'nawgight e+ B2k 8.2 gmovi di ng

an electrical or electronic device to be 4 ed, mgst i ci zing the
pr ef orm fi x@@a t he deV| ce bet ween sai d upper rm die and said | ower nold
di e, andFomm oRgUse = Asul t ant pl asticized preforminto the nold. The
novel nethod of prepari ng t he BerpailabiondDefifiscopaducted in-a variety of
gﬁ?: ﬁgelné cagabl & of warm ng the ther m)set. resin wthout substanti g/,i Uéed
Epoxy Cresol Novolac Resin _ 10.96
Fillers (Silica) : ' ' 76.00
Hardener ' 5.43
Catalyst : - ' 0.19
Flame Retardant (Brominated Resin, Antimony Oxide) 2.80
- Lubricant : , 0.12
Modifiers _ ' 3.70
Coupling Agent : : 0.60
Pigment - ' 0.20
nditi jection Moldi achine id
Temperature (barrel) ' _ :65°C
Temperature (near nozzle) :75°C
Mold Temperature : 30°C (room temp.)
Screw RPM : : 50 rpm
Melt Injection Pressure : approx. 500 bar
Mold Clamping Pressure . : 50 tons
Cooling Time ' : 25 seconds
Cooling temperature - :10-25°C
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wi t hout substantially curing t}ﬂg MeErmoset—tesi . -'In"the preferred method
an inj ect-iEQgE@éQi ng appar atju Hasg‘é "ﬁ%@ﬁﬁ@r ‘23, barrel 22, nozzle area
21, and sprue runner, as welll_as CEhavind a fixed pl ate and novabl e
plate cavity area, preferably with cooling nmeans which can be a liquid
cool i ng f PuoductRriedusedhi ||l ed water, antifPreformn diametepreddemnyas, is
used. The apparatus is arranged so that therpgf) REight' S LsSned from the
nozzle into the nold cavity in which the péeformlse}‘ool ed_Jt Is inportant
to control the tenperature, pressure, and reformyweight; o7 716& G 8Mpset
resin does not substantially cure in the warmnelt or in the resultant

pr ef or m becaus e i n st not be cured until the preformis used to
ARGt e 0

encapsul a erwise the preformw || not be useful for its
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poxy Cresol Novolac Resin 10.96
Fillers (Silica) - 76.00
Hardener : ' ' 5.43
Catalyst | 0.19
Flame Retardant (Brominated Resin, Antimony Oxide) ' 2.80
Lubricant . 012
Modifiers - _ . 3.70
Coupling Agent 0.60
Pigment . | - ' 0.20
Conditions on Injgctibn Molding Machine and Mold
Temperature (barrel) . - :65°C
Temperature (near nozzle) - :75°C
Mold Temperature : 30°C (room temp.)
Screw RPM : 50 rpm
Melt Injection Pressure : approx. 500 bar
Mold Clamping Pressure : 50 tons
Cooling Time : 35 seconds
Cooling temperature - _ :10-25°C
M\_
This Sheet Has Been

i

SUBSTITUTE SHEET (RULE 26)



warm ng step. The preferred warm ng tenperature in step Ais about 50 to 90

C. ,: dependwomemooishe particul g Dagin €sin and the ot her @59
The exact tenperature rm“_\l?gsmﬁ.f.lm‘ InArelation to all t eot
condi ti ons | n .order to oljtaln aEWaMnE; w0l e nelt without substant [ aI |y

curing t . The t hepLnpse esin is preferably prem xed with the
fillers, etc., and then introduced at--anbient tenperature in the hopper 23
and t hen y neans of the screpy Qi¥n b 22 which is
pref er abllif{)érg ?al neaaat about 65[err]C to {fﬁgﬁl nj éd|ggn ?liodzzné 21 which is
preferably heated to about 5-10[err]C hi ghtgformah e@é baFréd MM nper at ur e.
The shot size capacity is preferably 10 tPrefopt eeight, aadSm+©.2 erably
about 40 to 600 grans. The warmnelt is injected fromthe nozzle 21 through
a sprue 27 in the fixed plate 16 into the novable plate cavity 15, where it
i s mai nt Hompoilddon VseidortA .

Formulation etails : A

Component % Used
Epoxy Cresol Novolac Resin 10.96
Fillers (Silica) _ 76.00
Hardener : : 543
~ Catalyst 0.19
Flame Retardant (Brommated Resm, Annmony Oxxde) 2.80
Lubricant _ 0.12
Modifiers : 3.70
Coupling Agent : o 0.60
Pigment _ ' 0.20
iti Injection- i achi 1

Temperature (barrel) _ :65°C

Temperature (near nozzle) :75°C

Mold Temperature I : 30°C (room temp.)

Screw RPM ' o : 50 rpm

Melt Injection Pressure : approx. 500 bar

Mold Clamping Pressure : 50 tons

Cooling Time : 45 seconds

Cooling temperature . :10-25°C
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period, usually a few seconds to a mnute, preferably about 15 to 25
seconds. TWO9612ed7%5rm 17 is cqeled and becones di nmensional |y ®canises/isosd is
then ejected (FIG 5) fromt eTHTQImgggzw,AQI 590t her by a conventional pin
14 or a goggl lgl‘!n confi guratifon 27gpp&0, P 4l novabl e plate cavities
which in ej ector pin 14 can be used, but it is
preferred to use a novel apparatus to egj ect the pr ef or ns. The novel

ej ect i onppEdié Prodaced st on 27 whi ch has tl"h@fwﬁdxﬁﬁ&ﬁiér segbififh as t-he
cylindrical nold 15. The piston 27 can begﬁ_eri)dex V\%Eh adj gstabl e ejector
activation device 13 so as to change the 188 cyIT i nmol d and
t hus produce cylindrical preforns 17 of vVRreform Wexg!mths = 48 +dbBigmed. The
cross-section of the nold and piston can be other than circular, e.g.,
square, i f desired, Pref ably, the piston 14 remains fixed and the novabl e
pl at e 15FpEmyation Mss %)pened away fromthe fixed plate 16 to eject the

preforms 17. One injection mldw multiple nold cavities
in order 40

omponen % Used
Epoxy Cresol Novolac Resin ' 12.540
Fillers (Silica) - 72.512
Hardener : B 5.649
Catalyst ' - 0.230
Flame Retardant (Brominated Resin, Antimony Ox1de) 3.607
Lubricant B - 0.530
Modifiers 4.282
Coupling Agent - ' _ 0.400
Pigment - 0.250

Condiﬁgns on Injection Moldir_\g Machine and Mold

Temperature (barrel) :65°C

Temperature (near nozzle) :75°C

Mold Temperature : 30°C (room temp.)
Screw RPM : 50 rpm

Melt Injection Pressure- : approx. 600 bar
Mold Clamping Pressure : 60 tons

Cooling Time | : 60 seconds
Cooling temperature :10-25°C
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which is a neasure of V'ET 1
process, maxi mumL/D (|~‘.'

) B@E‘N elatively long cooling times

TLB&E tion'times. The result ant poTaks/ohAS
ove 95% of theoretical density,

Wale the prior art tableting

-on[

ref QI A e eas the
process of this invention permts L/D ratifos up to 5F/IBe novel preff orns
al so hayje UBg &?&ant nges off muclh gredter rlesistfance jt o brjeaki an
chi ppind, are uni form cql or, {are dust flree, }have |nore jconsifst ent} spiral
fl ow valluBropertiens® ari at i|G8E ¢TI edVisehdiM6d. 151Undi28Y gridUacltiteved ver sus
up to 2}inches using pdi or dethod. Fl dsh .arjd bl ded vgl ues ffor |jow
Vi scosi tly g lf - verjsus §-20 qm for] priqr art], and nuchf better
wei ght qoﬁ R E]E@nt @ ni fal wdi ght Jvari dti ond, ard achileved. '
used in. sec. |poise jmm |mm jrm [mm {om
4
300 |21
A 1 395 |21 85 13.06 | 1.8 10 204 202
390 121 '
360 ]2 _
A 2 3525 |20 |97 13.06 | 239 1247 |27 287
360 119
3325 122
A 3 3275 |23 j99 |1504 {212 |134 195 |22
' 33.0 |22
400 120
B 4 400 |21 176 525 {464 (108 [1.05 |1.77
3975 {19
GSF : Granular prral Flow : GT : Gel Time
Visc. : Viscosity : F/B : Flash and Bleed

The variation between GSF values is not more than 0.75 inches. This is a
great improvement from preforms made by the conventional tableting process in
which GSF variations can be as high as 3 inches, showing surprisingly better
consistency in product properties of preform tablets made by the process of the
invention.

The flash and bleed data as shown in columns 6 through 10 are significantly
better than the ones being obtained using conventional tableting processes in which
the minimum value obtainable for these same formulations in the 6U range is not
less than 6 mm.
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cl anpi ng nd 400 tons which houses the nold that
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barrel aggadget fresiali on to heat soften (plasticize) the

C. cooling said warm melt in said mold to form a solidified molding in the
form of a preform, and removing said preform from said mold without
substantially curing said thermoset resin.

2. Method according to claim 1 wherein said thermoset resin is: epoxy resin;
polyester resin; silicone resin; thermosetting rubber; or cyanate resin.

3. Method according to claim 2 wherein said thermoset resin is an cresol
novalak epoxy/phenol novalak hardener system.

4. Method according to claim 1 wherein in step A said warming is to a
temperature of about 50 to 900 C.

5. Method according to claim 1 wherein said warming step is conducted in an
injection molding device having a nozzle, and said warm melt is injected from said
nozzle into a cavity in said mold.

6. Method according to claim 1 wherein said thermoset resin is mixed with
one or more of: fillers, curing accelerators, release agents, fire retardants, and
processing agents, either prior to or during step A.

7. Preform suitable for encapsulating electrical or electronic devices prepared
by the process of claim 1, said preform having a density greater than about 95% of
theoretical density. :

8. Method of encapsulating electrical or electronic devices comprising
providing a mold having an upper mold die and a lower mold die, providing an
electrical or electronic device to be encapsulated, plasticizing a preform according to
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t hr ough ﬁléﬁﬁ?& ot)ddigg( sprue and runners only, no gates). It is injected by
the action of the screw moving forward, i.e., the screw acts as a ram The

pressure exerted on the nelt is between 300 and 700 bar. This softened
material aftet0i inant apparatusnior thelding mn@nsmgesmsuemtghdrfeedampﬁar ae| t

pr €ssur ehp%&cﬂ'[ ﬁﬁﬁﬁgf at%. %S%]dr&wf ??B\%EP%W’M ?ﬂl’ﬁ a ﬁo%?{:leaxﬁg d 5
shape to as int contrary td conventl ona f noset
mold cavxty having a cross-section and a depth'in sald moveable mold half, means
for moving said movable mold half between an open position and a closed

position, and an ejector pin to eject a molded part from said mold cavity when said
movable mold half is moved to the open position, the improvement comprising
said ejector pin having a cross-section which is the same as said cross-section of said
mold cavity, and means to adjust the travel of said ejector pin to thereby adjust the

depth of said mold cavity.

plastic material w thoyt uuoL am%bﬁ:r {| ng the thernoset resin. The
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- This Sheet Has Been Repl

12

SIHRCTITUITE CUERT IRIIT E 98



ol di ng, "is kept cold, at bet ween 10 and 25[err] C_ Preform nol di ngs becone
hard after wookhtgs after whi ch tf I D8 HEES: srmg)gggql and the fi pcphRes/15030
prefornms are ejected out fromtheg nold psi Ateg he ngvel novabl e bottom
rather than an ejector pin. 5 ' Pr oduced

Preformdi anmeter = 11 mm Pref orm hei ght = 25 mm Preformweight = 5.2 +
0.2 gm# of Preforns =8 Forrmllationwsgd = A
13\7 _
NN / S
vam

—\/ 7 y

BN N m%}‘/

____§ W 14 // §
§ | 7N
W (16

| Fg. 1 P
S Z s -
N 13«/ / 17 \
11 § | / L=l \ \
=N ) i X
§ 14 19/\\
| S,\\\\\\\\\\\\\\\\\\\\\\\\\\W N\1s (16

Fig. 2
T

SUBSTITUTE SHEET (RULE 26)




Formul ation Details: A Conponent

% Used Epoxy, Novol ac Regs+n _ PCT/US95/15939
10.96 Fillers (g}%l | ca THIS SHEET q
Rty RerLacey o
(2) E138 Elugmecgﬁi ardant (Brom nated Resi np /D@tl nony Oxi de)
0.12 Modifiers
3. 70 Coupling Agent
0. 60 Pi gnent
0.20 Conditions on Injection Mlding Machine and Mol d Tenperature (barrel)
:65[err] C Tenperature (near nozzle) - 75[err]C :
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Mol d Tenperature : 30[err]C (roomtenp.) Screw RPM
150 rpm NE%JG%%tlon Pressur e | THIS SHEET:HAPBERN.| 500 bar M}lcq.'t’%%@&onds

Pr essure : 50 tons Codl i ng E
Cooling tenperature ' EEEI}":C DJ -6 Exanpl e 2 Product
Pr oduced Preform d| arret er = 14 mm Pref orm hei ght = 25

mm Preformweight . = 7.6 + 0.2 gm 3/3
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Fornul ation Used = A Formul ation Details: A Conmponent J:O/( q 1
% Used Epoxy Cresol Novolac Resin a 3 ‘ JAN 199
10.96 Fillers (Silica) S
76. 00 Hardener
.43 Cat al yst _
.19 Flane Retardant (Brom nated Resin, Antinony Oxide)
.80 Lubri cant :
.12 Modifiers
. 70 Coupl i'ng Agent
.60 Pi gment

.20 Conditions on Injection MIlding Machi ne and l\/bI d Tenperature (barrel)
65[err] C

cCowonNhoO

Improved Process For Making Preforms Useful
For Encapsulating Semiconductors

BACKGROUND OF THE INVEN'I'ION

I. Eield of the Invention _

This invention relates to preforms suitable for encapsulating electrical or
electronic devices.

II. Description of the Prior Art

Thermosetting molding preforms are conventionally used to encapsulate
electrical or electronic devices in a process wherein the device is arranged in a mold
and the preform is heated to plasticize it and encapsulate the device, and then
allowed to cure. : .

The conventional method of making such preforms is to use tableting
equipment in which solid resin, which is usually premixed with filler and other
additives, is tableted under high pressure. The conventional method suffers
problems due to wearing of the tableting presses, as well as producing preform
tablets having voids and other quality problems. U. S. Pat. 4,554,126 to Sera disclosed
tableting under higher than usual pressures of 4 ton/cm?2 or more in order to reduce
the number of voids in the resultant preform tablets. Preform tablet density of 95%
or more is alleged by Sera by use of his method; such density would be highly
desirable if it were consistently achievable by Sera's method.
| It has been a longfelt need in this art to find a more efficient method of
producing preforms and to produce préforms having very high quality.

REPLACEMENT SHEET

U T stoanwws

LUTLTITHTE QUELT /MR T 23



Cwi/ e JVO/’)S

Tenperature (near nozzle) . 75[err]C Mol d Tenp tu(r
30[err]C (roomtenp.) Screw RPM He go rpmi/bl t"“&N 1996
| hj ection Pressure _ SL. Yy Of I INFD | ng Pressure

20- 5ol er 2 hY prefentinvestion provides silean efhGeRt method, highet GRGkE m ©

di anet er preforms) and fimproked @nkapsiutated efettrical or electronic devices.

The present invention comprises a method of preparing preforms suitable for
encapsulating electrical or electronic devices comprising:

A. warming thermoset resin to form a warm melt without substantially
curing said thermoset resin;

B. injecting said warm melt into a mold without substantially curing said
thermoset resin; )

C. cooling said warm melt in said mold to form a solidified molding in the
form of a preform, and removing said preform from said mold without
substantially curing said thermoset resin.

The invention also comprises the resultant preforms which have improved
quality as evidenced by substantially no voids, a density of at least 95%, uniform
color, dust free, and substantially free of contamination.

The invention also includes a method of encapsulating devices using the

- aforementioned preforms, and the resultant encapsulated devices. .

-Another aspect of the invention is a novel mold design which comprises an
ejector pin which is of the same cross-section as the mold cavity, and providing |
means to adjust or index the travel of the ejector pin and thus adjust the depth of

the mold cavity.

BRIEF DESC ON OF THE DRAWINGS _

FIG. 1 is a side elevational view in section of a conventional mold in closed -

position, showing a molded preform in the mold cavity.
- FIG. 2 is a side elevational view in section of a conventional mold in open

position, showing a molded prefonn being ejected.

FIG. 3 is a side elevational view in section of the novel mold of the invention
in closed position showing a molded preform in the mold cavity. . |

FIG. 4 is a side elevational view in section of the novel mold of the invention
in open position showing a molded preform being ejected from the mold cavity by
means of a novel ejector cylinder according to the invention.

FIG. 5 is a side elevational cross-section of an injection molding unit useful
according to the invention, showmg an unproved mold ejector pin according to the
invention.
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Preformweight = 15.2 + 0.2 gm Fornul ation Used = A Foera?{lfoﬂ,Det L JA 199

Conponent e
Epoxy O Co) i ooy ' 2¢ FBTAILED DESCRIPTION OF THE INVENTION 19.9¢
Har dener AND THE PREFERRED EMBODIMENTS 5 43
Catalyst = A wide range of thermoset resins are suitable, and their choice depends Q>n19

Fl ane R LA d
Lu bmec aﬁ era%?) 1c£tl?crn(1) r?pe 1ggn§1$ss%~’ chAg}'el 1¥e9< IF(cjn' example, the thermoset r851§_l2

Modi fi er gan be epoxy resin; polyester resin; silicone resin; thermosetting rubber; and/o8. 70
0. 60

Coupl i ng . :
Pi gnent c@gﬁ:ﬂte resin. Preferred resins are those prepared from cresol novalak 020

Condi t i ogpowy/ pherel noyalak hardenemsnstemasand Ml d _
The thermoset resin can be mixed with other materials such as fillers, curing

accelerators, release agents, flame retardants, and surface-processing agents,
preferably prior to step A. These other materials are conventional in the art, and
usually include at least filler, which is usually silica, and usually constitute at least
50, and up to 85% by weight. The mixture is usually referred to as the "preblend."

The devices to be encapsulated are usually semiconductors, although other
electric or electronic devices, for example LED's, can also be encapsulated. Use of the
improved preform results in improved quality encapsulated devices, even when
conventional encapsulation methods are used. The encapsulation method typically
includes providing a mold having an upper mold die and a lower mold die,
providing an electrical or electronic device to be encapsulated, plasticizing the
preform, fixing the device between said upper mold die and said lower mold die,
and injecting the resultant plasticized preform into the mold.

The novel method of preparing the preforms can be conducted in a variety of
equipment capable of warming the thermoset resin without substantially curing it
to form a warm melt, then injecting the warm melt into a mold, and then cooling
the melt to form a solidified molding in the form of a preform without substantially
curing the thermoset resin. In the preferred method an injection molding
apparatus having a hopper 23, barrel 22, nozzle area 21, and sprue runner, as well as
a mold having a fixed plate and movable plate cavity area, preferably with cooling
means which can be a liquid cooling fluid such as chilled water, antifreeze, or
compressed gas, is used. The apparatus is arranged so that the warm melt is injected
from the nozzle into the mold cavity in which the preform is cooled. It is important
to control the temperature, pressure, and the like so that the thermoset resin does
not substantially cure in the warm meit or in the resuitant preform because the
resin must not be cured until the preform is used to encapsulate the dev1ces,
otherwise the preform will not be useful for its intended purpose.

The thermoset resin is usually mixed with fillers, curing accelerators, release
agents, fire retardants, and/or processing agehts either prior to or during the

3 [REPLACEMENT SHEET
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Terrperature (barrel) :65[err]C Terrperature ( ry Nezzl
:75[err]C Mol d Tenperature :30[err]C (‘r‘o@enz, grlevdAN 199(

RPM 0, | S
bt ox. KOG I oTbr RrgiersEoraB e R 5 5 s 0 fag‘?%m

1 45 secoﬂ@@et@aguqxgm%ppeﬂraﬂew l:,hermoset resin and: the-atbpecopditons. Theepict 4
Pr oduct Rntpitatitre must be optimized in reldtiéH &8 BUIH MR Gther cAvd s in order to

obtain a warm, flowable meit without substantially curing the resin. The thermoset
resin is preferably premixed with the fillers, etc., and then introduced at ambient
temperature in the hopper 23 and then transported by means of the screw 26 along
the barrel 22 which is preferably maintained at about 65°C to the injection nozzle 21
which is preferably heated to about 5-10°C higher than the barrel temperature: The
shot size capacity is preferably 10 to 1000 grams, and more preferably about 40 to 600
grams. The warm melt is injected from the nozzle 21 through a sprue 27 in the
fixed plate 16 into the movable plate cavity 15, where it is maintained for a short
period, usually a few seconds to a minute, preferably about 15 to 25 seconds. The
preform 17 is cooled and becomes dimensionally stable, and is then ejected (FIG. 5)
from the mold cavity 15 either by a conventional pin 14 or a novel pin
configuration 27. :

Conventional movable plate cavities which mclude an e)ector pin 14 (FIGS. 1
and 2) can be used, but it is preferred to use a novel apparatus to eject the preforms.
The novel ejection means is a piston 27 which has the same cross-section as the
cylindrical mold 15. The piston 27 can be indexed with adjustable ejector activation
device 13 so as to change the size of the cylindrical mold and thus produce
cylindrical preforms 17 of varying lengths, as desired. The cross-section of the mold
and piston can be other than circular, e.g., square, if desired. Preferably, the piston 14
remains fixed and the movable plate 15 is withdrawn or opened away from the fixed
plate 16 to eject the preforms 17. |

One injection molding press can serve multiple mold cavities in order to
increase production rates in view of the relatively long cooling times required
compared to the short injection times. '

The resultant preform has higher than usual density, consistently above 95%
of theoretical density, which is a measure of void imperfections. Using the prior art
tableting process, maximum L/D (length over diameter) ratio was 2, whereas the
process of this invention permits L/D ratios up to 5. The novel preforms also have
the advantages of much greater resistance to breaking and chipping, are of uniform
color, are dust free, have more consistent spiral flow values in that variations of less
than 0.75 inches are achieved versus up to 2 inches using the prior method. Flash

- and bleed values for low viscosity products of 2-8 mm versus 6-20 mm for prior art,
and much better weight control due to minimal weight variations, are achieved.
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’ RUiNdRd 0/ 15
Pr ef orm hei ght = 40 nmm Pref or m wei ght =48 + 1.0 g$F&M£i onijqe]q?Ag ?999{

B Formul ation Details: B Conponent
9% Used Epoxy @nesdditiday ehéinveesion involves fewer processing steps and lower

%g gifg A gq{g.],r{a%on rlsLs resulting in lower moisture levels.

649 Cat aI ystWhen used in a process to encapsulate electrical or electronic devices, the

ggg F ?Qﬁxl%’%t%ﬂ@ﬁgtﬂ%@cp HebREE drfBP hiphet WaBhvEK IR quality because of
530 Nbdh? iimpgoved quality preforms made according to this invention.

. 282 Coupl i ng Agent
: ggg Pi gnent EXAMPLES
GENERAL METHOD _

An injection molding machine equipped with a powder feeding unit and a
wear resistant plasticizing unit having a shot size capacity between 40 and 600 grams
of epoxy, accompanied by a clamping unit having a clamping tonnage between 50
and 400 tons which houses the mold that produces the desired preforms, was used.
Preforms produced varied from 11 mm to 35 mm in diameter and 25 mm to 40 mm
in height.

A screw and a heated barrel assembly function to heat soften (plast1c1ze) the
plastic material without substantially curing the thermoset resin. The thermoset
resin formulation is drawn into the barrel by the action of the rotating screw, and
softens due to frictional forces and the conductive heat input. The screw moves
back as a result of the pressure generated by the conveyed material in the head of the
screw and the amount of screw movement controls the quantity of softened resin
that is injected (shot size). The temperature used in the plasticizing unit is between
50 and 90°C. _ ‘

When the cycle commences, the mold closes and the heat softened material
(plasticized material) is injected into the cavity of the mold through a feed system
(sprue and runners only, no gates). It is injected by the action of the screw moving
forward, i.e., the screw acts as a ram. The pressure exerted on the melt is between
300 and 700 bar. This softened material after injection is maintained under pressure
higher than the melt pressure, to prevent plastic from flashing and also to cool and
render shape to the plastic in the mold which, contrary to conventional l:hermoset
molding, is kept cold, at between 10 and 25°C. '

Preform moldings become hard after cooling, after whlch the mold is opened
and the finished preforms are ejected out from the mold using the novel movable
bottom rather than an ejector pin. '

copowon,
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Condi tions on | njection Ml ding Machine and Ml d Tenp, aty{ré' arrel

‘ -

:65[err] C Tenperature (near nozzle) . 75[ err]C Nbl d~T&nhperat r‘éAN 1996
: 30[ err ] Exafmpsignit enp. ) Screw RPM . 50 rpm Mel t
I njection Pressure . approx. 600 bar Mol d C anpi ng Pressure
: 60 tons Cooling Tine : 60 seconds Cooling
t enper at freduct Produced : 10- 25[ err] C 9 Prefarab|diatheterPropbmiines of
Preforms Preform height =25mm

Preform weight =5.2+0.2gm

# of Preforms =8

Formulation Used = A
Formulation Details : A

Component % _Used
Epoxy Cresol Novolac Resin : 10.96
Fillers (Silica) 76.00
Hardener ' 5.43
Catalyst . 0.19
Flame Retardant (Brominated Resin, Antimony Oxide) 2.80
Lubricant ' _ 0.12
Modifiers ‘ 3.70
Coupling Agent . o | 0,60
Pigment ‘ : 0.20

Conditions on Injection Molding Machine and Mold

Temperature (barrel) : 65°C
- Temperature (near nozzle) :75°C
Mold Temperature ) : 30°C (room temp.)
Screw RPM : 50 rpm
Melt Injection Pressure : approx. 500 bar
Mold Clamping Pressure : 50 tons
Cooling Time | : 25 seconds
Cooling temperature _ : 10-25°C
REPLACEMENT SHEET
3 1JAN 1994
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F/ B Product Properties GSF GT Vi 7By o 51U, 2 159 3
13U 6U Expt. Formul ation No. used ' i %J/Gga? ~po1 ZKNM996
m mm mm 30.0 21 A 1 -39.5 21 85 13. 06
1.8 1.0&@2& 2.02 39.0 21 36.0 20 A 2 35.25 20
97 13.06 2.39 2.47 2.7 2.87 36.0 19 33.25 22 A 3
32.75 2% 4 99producel- 04 2.12  1.34 pl @8 2 21 _ 14 mm

- Preform height =25 mm

Preform weight =7.6+0.2gm

Formulation Used = A _
' Formulation Details : A

Component o ' . . % Used
Epoxy Cresol Novolac Resin , 10.96
Fillers (Silica) | ' 76.00
. Hardener 5.43
Catalyst ' 0.19
Flame Retardant (Brominated Resm, Antimony Oxide) 2.80
. Lubricant . 0.12
Modifiers 3.70
Coupling Agent . . - 0.60
Pigment ' ' - 020

Conditions on Injection Molding Machine and Mold

Temperature (barrel) :65°C
Temperature (near nozzle) : 75°C
Mold Temperature : 30°C (room temp.)
Screw RPM : 50 rpm
Melt Injection Pressure : approx. 500 bar
Mold Clamping Pressure : 50 tons
Cooling Time : 35 seconds
Cooling temperature - :10-25°C
REPLACEMENT SHEET)
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< HOT A
33.0 22 40.0 20 B 4 _ 40.0 21 502? SJ6§ / 15)89 3 9
1.05 1.77 39.75 19 GSF Granul ar Spiral Fl ow I ﬁN 199!

T me Vi sq;xa&i_gecw ty . F/ B: Flash and Bl eed The
variation between GSF values is not nore than 0.75 inches. This is a gr eat

i nprovenent from preforms nade by the conventional tableting process in
whi ch GSProductProgivisedan be as hi gh as 3 Prefowes distefemg= 20mpumi si ngl y
better consistency in product properties @(’ngfl'% {abl_egg de by the
process of the invention. The flash and ble ata”as shown |n colums 6
through 10 are significantly better than 1?‘1‘?20 é@elsgf’ng b4 8’ ng
conventional tableting processes in which the mnimum val ue obtainable for

t hese Saﬁgnfn%rlgt]i” atdsegs |/{| the 6U range is not

Formulation Details : A

Component % Used
Epoxy Cresol Novolac Resin , 10.96
Fillers (Silica) : 76.00
Hardener : 5.43
Catalyst | 0.19
Flame Retardant (Brominated Resin, Antimony Oxide) 2.80
Lubricant ' _ 0.12
Modifiers _ - 370
~ Coupling Agent _ : | - 0.60
Pigment : 0.20

Condmons on Injection Molding Macmne and Mold

Temperature (barrel) :65°C

- Temperature (near nozzle) :75°C
Mold Temperature : 30°C (room temp.)
Screw RPM : ' : 50 rpm
Melt Injection Pressure : approx. 500 bar
Mold Clamping Pressure : 50 tons |
Cooling Time : + 45 seconds
Cooling temperature :10-25°C

| REPLACEMENT SHEET
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' k09 8 /1593
|l ess than 6 nm 10 CLAI M5B 1. A met hod of preparing 6 fﬁg y
a density greater than about 95% of theoretical density and Sui JA\[ ]'

ehcapsul LLRgiglaect rical or electronic devices conprising: A war m ng
therm)seg‘r"g%—n‘to forma warmnelt w thout substantially curing said resin

by heating the resin in an injection nolding device at a tenperature of at
| east abputd®@Prodacedn said warmng is ql}@fb&ﬁqﬂaf;{été}n 4 B @&l on nol di ng
devi ce having a barrel and a nozzle Connelpre?orm ettlo and e‘merel n the

tenperature of said nozzle is at |east
Preform weight =48+1.0gm

Formulation Used = B
Formulation Details : B

Component ' % Used
Epoxy Cresol Novolac Resin ' 12.540
Fillers (Silica) _ : , 72.512
Hardener : 5.649
Catalyst _ 0.230
Flame Retardant (Brominated Resin, Antimony Oxide) 3.607
Lubricant 0.530
Modifiers . 4.282
Coupling Agent : : 0.400
Pigment o ' 0.250

Conditions on Injection Molding Machine and Mold

Temperature (barrel) :65°C
Temperature (near nozzle) :75°C
Mold Temperature ' : 30°C (room temp.)
Screw RPM : 50 rpm
Melt Injection Pressure : approx. 600 bar
Mold Clamping Pressure . : 60 tons

- Cooling Time : 60 seconds

Cooling temperature :10-25°C
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a;)o.ut 5[.err]C hi gher than the'terrperature of said bar p{‘T/USI% ect |r]| 9 3 .
said warmnelt fromsaid nozzlelntoacawtylnarrms j JA
stubstantially curing saxr cooI [ ng said warm mel t in

said nold to form a sol & PSS A2 501010 S . -
renmoving said preformfromsaid rmld W th

t her nosgt: &Sl 2. A npthod}jaccofdingjto alm| 1 wherelnj sal
thernospt_resin Is: |epoxy fesin} polyestef resn; sjlicope rekin;
t her mosptRropgriiesoser, or cy@skt pGT es| Yise 3| 76U (1t |5 alcidbr dj6iy tjo C ai m 2
wher ei n{ sai d therrmsqup't.es n isla cresol poval pk eppxy/ phenol| noval ak
. har denef aFS%‘_sT e[n 4. A ngt hod| accoy di ng| to y prieceding cljaimwherein in
step A MR [iNOt o h tenperatpre of aboht 50/ to 9 [errﬂc. A
met hod pccorwsety to Jany prg@edi hge.cl Bpoie ei pmaal hefmmselmmesfi n is
- mxed wth ong or ngre of :jfillprs, kuring accelerators,]|rel gase adgents,
fire reparedart-s—ahe .
_ 300 |21 .
A 1 395 (21 85 _ 1306 | 1.8 1.0 2.04 |2.02
39.0 }j21
36.0 (20
A 2 3525 {20 {97 13.06 {239 [247 |27 |[287
360 |19
. 3325 |2
A 3 3275 |23 99 11504 212 {134 }1.95 |221
| 330 |2 |
400 120
'B 4 400 {21 |176 1525 464 108 |105 |1.77
- 3975 |19 | '
GSF : Granular Spiral Flow : GT : Gel Time

Visc. : Viscosity ~ :F/B: Flash and Bleed

The variation between GSF values is not more than 0.75 inches. This is a
great improvement from preforms made by the conventional tableting process in
which GSF variations can be as high as 3 inches, showing surprisingly better
consistency in product properties of preform tablets made by the process of the
invention.

The flash and bleed data as shown in columns 6 through 10 are significantly
better than the ones being obtained using conventional tableting processes in which
the minimum value obtainable for these same formulations in the 6U range is not
less than 6 mm.
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processing agents, either prior to or during step A 6. The net hod of
any preceding.claimwherein th l | .said nozzle is from about
5ferr] C to about 10[err] C hi ghﬂl ,mmnmmm Hr ature of said barrel. 11

7. A GEORYS according to Cafmad of preparwig a preformhaving a density
greater than about 95% of theoretical density and suitable for '
encapsul ating electrical or electronic devices conprising: A war m ng

ther noset, r esA nme@ofl O5fMpepwaAgN T Bleforth tHAOIHg & Uk tdradedry tifadl A SH¥iogl ggesin
by heating the resin in an injection nolding device at a tenperature of at
| east about 3b§weti¢al demesiteiand swiitablaafon sngapsilatimgdelecteidali ar ghectnopisc dédces
. nol di ng devi Cc%mrg)%i\é%n@g a barrel and a nozzle

g

A. warming thermoset resin to form a warm melt without substantially
curing said resin by héating the resin in an injection molding device at
a temperature of at least about 50°C wherein said warming is
conducted in an injection molding device having a barrel and a nozzle
‘connected thereto and wherein the temperature of said nozzle is at least
about 5°C higher than the temperature of said barrel;

B. injecting said warm melt from said nozzle into a cavity in a mold
without suBstantially curing said thermoset resin;

C. - cooling said warm melt in said mold to form a solidified molding in
the form of a preform, and removing said preform from said mold

‘without substantially curing said thermoset resin.

A method according to Claim 1 wherein said thermoset resin is: epoxy resin;

2.
polyester resin; silicone resin; thermosetting rubber; or cyanate resin.

3. A method according to Claim 2 wherein said thermoset resin is a cresol novalak
epoxy/phenol novalak hardener system.

4. A method according to any preceding claim wherein in step A said warming is to a
temperature of about 50 to 90°C.

5. A method according to any preceding claim wherein said thermoset resin is mixed
with one or more of: fillers, curing accelerators, release agents, fire retardants, and
processing agents, either prior to or during step A. '

6. The method of any preceding claim wherein the temperature of said nozzle is from

about 5°C to about 10°C higher than the temperature of §aid barrel.
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connected thereto and wherein the tenperature of said nozzle is at |east
about 5[err]C higher than the tenperature of said barrel; B.  injecting
said warmnelt fromsaid nozzle intoa cavity in a nold at a pressure of
from abput 3B80methoaeedrdifgQo [GisimM bh prépasit®atpreforal Hayings ﬂtﬂﬁit? aréhrdrhpifroset
resin, C. - cooling said warmnelt in said nold to forma solidified :
nol di ng i n t#out 85 offtheprpieal denpity and suicabds faignsapsulagng elsewical emlsaraniarol d
wi t hout substantiall uring said thernoset resin. 8. A preform suitable
for encapsul%vil%é%gf%éﬁnr%al or electronic devices prepared by the process
conprising A war m farrhider thegedsel & td CorbPaMvarm\addlt WithbutubSRH all
substantially curing. said t her moset resin; B, I njecting said warm rrel t
into a nold without subgingaiditasin Ryuhdakigg ske esinhisrarogjsctior giokding device at

a temperature of at least about 50°C wherein said warming is
conducted in an injection molding device having a barrel and 2 nozzle
connected thereto and wherein the temperature of said nozzle is at least
about 5°C higher than the temperature of said barrel;

B. injecting said warm melt from said nozzle into a cavity in a mold at a
pressure of from about 300 to about 700 bar without substantially
curing said thermoset resin;

C. cooling said warm melt in said mold to form a solidified molding in
the form of a preform, and removing said preform from said mold

without substantially curing said thermoset resin.

8. A preform suitable for encapsulatihg_ electrical or electronic devices prepared by the

process comprising
A. warming thermoset resin to form a warm melt without substantially

curing said thermoset resin;

B. injecting said warm melt into a mold without substantially curing said

thermoset resin;

C. cooling said warm melt in said mold to form a solidified molding in
the form of a preform, and removing said preform from said mold
without substantially curing said thermoset resin;

.said preform having a density gréater than about 95% of theoretical density.

9. A preform according to Cléim 8 wherein the variation in granular spiral flow values

for said preform is not more than 0.75 inches.

10. A preform according to Claim 8 or Claim 9 which exhibits flash and bleed of less

than 6.0 mm to 6 microns.
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C cooling said warmnelt in said nold to forma solidified nolding in
the formof a preform and renoving said preformfromsaid nold wthout
substantially curing said thernbset resin; said preformhaving a density

gr eat er 1ihan Aatpeeforrs Szcordinghtso Ciiincdisuidaris ifor en@psulating pieetriseivaekzondaing t o
Cl ai m 8 wher ranul ar, spl ral flow values for said

n. the variation in
preformis ngf’ Vit B ePF\%?ﬂan t%% Pf‘h‘i?ﬁsegom%s N&" A preform accor di ng to Caim8
or Claim9 which exhi bl&aﬁnﬁﬁagﬁrﬁs@&tttkﬁﬁ%%nheasa,ahharﬂeﬁ &aﬁgons |

11. A preformaccording to Claim8 sultable for encapsula ng e cal
- or electronic devices puepgsad rbgmbynéemng:uhssesmnpam m;etgxonﬁnoldmgaremdagit

thernoset resin to forma warm meltf Ehout subst antial |y
a temperature of at least about 50°C wherem said warming is

conducted in an injection molding device having a barrel and a nozzle
connected thereto and wherein the temperature of said nozzle is at least
about 5°C higher than the temperature of said barrel:

B. injecting said warm melt from said nozzle into a cavity in a mold at a
pressure of from about 300 to about 700 bar without substantially
curing said thermoset resin; _

C. cooling said warm melt in said mold to form a solidified molding in
the for of a preform, and removing said preform from said mold
without substantially curing said thermoset resin;

said preform having a density of greater than about 95% of theoretical .density.

12. A method of encapsulating electrical or electronic devices comprising providing a
mold having an upper mold die and a lower mold die, providing an electrical or
electronic device to be encapsulated, plasticizing a preform accofding to any of
Claims 8 to 11, fixing said device between said upper mold die and said lower mold

die, and injecting the resultant plasticized preform into said mold.

13.  Encapsulated electrical or electronic devices prepared according to the method of

Claim 12.

14. An encapsulated electrical or electronic device prepared by the method comprising
providing a mold having an upper mold die and a lower mold die, providing an
electrical or electronic device to be encapsulated, plasticizing a preform as claimed -
in any of Claims 8 to 11 wherein said preform has a density greater than about 95%
of theoretical density, wherein the variation in granular spiral flow values for said
preform is not more than 0.75 inches, and wherein said preform exhibits flash and
bléed of less than 6.0 mm to 6 microns, fixing said device between said upper mold

and said lower mold die, and 1n]ect1ng the resultant plasticized preform into said
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4

curing said resin by heating the resin in an injection nolding device at a
tenperature of at |east about 50[err]C wherein said warmng is conducted in
an injection nolding device having a barrel and a nozzle connected thereto
and whet®i n Imantapppmnatﬁmmnaiﬂmgacaﬂnpmmg e resnanathnaisteedbmpper;S[aﬁhh]e@ubh gher
than the tenperature of said barr jecting said warmnelt from
sai d nozzl e P#e %Ildc&\ﬁFFte)Ws|%H%inﬁalfﬂ(eétmaldphﬁgs%lr‘@‘@ﬂ le raold iedluta soeatde

about 700 bap, w hg?% rr?éfg’scg‘?iw hﬁjl{qﬁa%% g S S'nqt Q?eggﬂsgts%qeéov%ab%n}%% for_ .

cool i ng sai d war m e I'h sal orma SO

of a prefor malgntheb T MPvingi i hefvabld) moRIThSIR irw@ndamViob® Wosition and a
substantially curing said thernoset resin; said preform havi ng a density of
6

greater thanclasslposgm, énd ameiSEer PERIO aieqi i melded part from paid msdd eavity when
encapsul atin | ect C i nol d
v ng-an upaf ARt dHeu s RO nf e B ARETR FRER BB Ao,
said ejector pin having a cross-section which is the same as said cross-section of said
. mold cavity, and means to adjust the travel of said ejector pin to thereby adjust the

depth of said mold cavity. _
_—
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el ectronic device to be encapsul ated, plasticizing a pref ?nﬁnggrdlng to

any of Clains 8 to 11, fixing said device between said HbEL d|§ bn@AN 199
said lower nold die, and injecting ‘the resultant plasticized preforminto

said nold. 13. Encapsul ated el ectrical or electronic devices prepared
according to the nethod of Claim12. 14/ 3 An encapsul ated electrical or

el ectroni c device prepared by the nethod conprising providing a nold having

an upper nold die and a lower nold die, providing an electrical or

el ectronic device to be encapsul ated, plasticizing a preformas clained in

any of Clains 8 to 11 wherein said preformhas a density greater than about

95% of theoretical density, wherein the variation in granular spiral flow

val ues for said preformis not nore than 0.75 inches, and wherein said
preformexhibits flash and bleed of less than 6.0 mMmto 6 m crons, fixing

sai d device between said upper nold amf3said |ower nold die, and injecting

the resultant plasticized preforminto s _
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N p-- 1
In an apparatus for nolding conprising a resin materi al feed -hoppex/ a,'ns J 1 9
I njection barrel and a screw, a nozzle, fixed nold hal flg@m bl e | d
hal f, a nmoveable nold half, a nmold cavity having a cros ct $ JAN 1996
dept h in said moveabl e nold hal f, neans for noving said novabl e rml d half
bet ween an open position and a cI osed pb3ition, and an ejector pinto eject
a nolded part fromsaid nold cavity when said novable nold half is noved to
t he open position, the inprovenent conprising said ejector pin having a
cross-section which is the same as said cross-section of said nold cavity,
and neans to adjust the travel of said ejector pin to thereby adjust the
depth of said nold cavity. 14
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process which comprises
warming thermoset resin
to form a melt, injecting it
into a mold, and cooling to
form a solidified molding,
all without substantially
curing the thermoset resin, ‘
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