. ' . £6 $erSia_ o

1~ TI TLE _ RESI N INPRE TED
L’AM NATE FOR W RI NG BOARD APPLI CATI ONS AL
BACKGROUND OF THE | NVENTI ON 5 . To provide consunmers with increa5|ng
functionality at | owest possible costlfhe el ectronics industry is '
driving towards products which are snartek gster and smaller. This

evol ution is being pronpoted b advances I N sem conductor materials and
fabri.cation technology, such 9#&5@9 ¥¥¥¥¥§E gﬁ%&ed circuits),
submicron IC = features and IlmgmuscabnnnnhegmznmamonaPackag|ng and

i nterconnect technol ogi es play ﬂck@ﬁo PEEt N&&o the evol ution.
Materials for packaging and in must support high

yiel d fabriZation, higlFadPpraowits tsopsshexrs igith atncxeading pfopagienahitnd

compatibility wig howsfta%srﬁmte %@'Eﬁteﬂé%ﬁs inawPEPPnedts. To
meet these reqU|rements reinforc | ower i n-pl ane CTE

(coefficient ofd%h¥% t@yards pﬁ%ﬁte? "(:}Hféths?’f)‘?laﬁmmd i$3sten, and
dielectric conaﬁmﬂtle’a}ﬂ zmd.ssrm:mtutsinﬂ abee bedmy nEeomsted by advance<Tni S

i t ant t
cspec al |y i n (g ‘*#‘{é?et‘*‘h Bdidridle prg HnPELPOR (oo a%p#ﬁa{?‘%‘ﬁ%
CTE ni smat 88  as paidtddanere IGi ﬁo‘-'(‘iﬁg’?ﬁﬁ-%’ @i¥eriys hnsubrierer AHose 25

reliability protdsiErediand M@lts@dléoimgt@tmn. P&cR&HiNG &ndi ng
t hermal cycling. Varlous t

reliability of ?’H’é"r"‘je%ierﬁ*g"‘?%g“’es pray¥ Siae Vﬁ%ggggpéﬁ ’6#:?5#%&%,
| eaded chip cammeyeyq%utlon. Materials for packaging and interconnect
technologies'must support high yield fabrication, high
15 density packaging, fast signal propagation and
compatibility with surface mount and direct attach of
components. To meet these requirements reinforcements
with lower 1n-plane CTE (coefficient of expans;on),
-greater dimensional stability, lower dielectric constant
20 and smooth surfaces are needed.
_ CTE is an 1mportant property for the printed
~wiring board (PWB) substrate especially in the surface
‘mount and direct attach chip applications. CTE mismatch
between the chip (or chip carrier) and the“board pose
25 reliability problems due to potential solder joint
cracking during thermal cycling. Various techniques were
developed to insure some reliability of the solder joints,
e.g., "J" leads, gull wing leads, leaded chip carriers and
leadless chip carriers. However, the high (13-18 ppm/°C)
30 in-plane CTE of the standard epoxy/E-glass or polyimide/E-
glass still resulted in some solder joint failures. 1In
order for components to successfully survive environmental
testing, in-plane CTE's of 8-10 ppm/°c are necessary.
The successful production of multilayer PWBs also
35 requires layer-to-layer pad registration and fegistration
| of through holes to pads. During fabrication of PWBs,
laminate materials experience a number of thermal
excursions, including bake cycles at 120-150°C and short
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Summa of the Invention
' The present invention provides a nonwoven aramid
15 sheet useful as reinforcement in printed wiring board
laminates having a coefficient of thermal expansion of
less than 10 ppm per °C, said sheet comprised of from 5 to
25 weight percent poly(m-phenyleneisophthalamide) fibrids
and 75 to 95 weight percent p-aramid floc and having a
20 basis weight of between 0.8 to 4.0 oz/yd2, a density
' between 0.5 and 1.0 g/cc and a Gurley Hill Porosity of
less than 10 sec. _
Also provided is a thermoset resin laminate of
high dimensional stability'suitablg for printed wiring
25 board substrate consisting essentially of thermoset resin
reinforcéd with from 43 to 57 weight percent of the
nonwoven aramid sheet of this invention.

Qetailed Description of the Invention

30 The relnforcement of the laminates of this

s invention is a nonwoven aramid sheet having a coefficient

' of thermal éxpansion (CTE) of less than 10 ppm per °C and
is prepared from 75 to 95 wt.% p-aramid floc and from 5 to
25 wt.% poly(m-phenylene isophthalamide) fibrids. Floc is

35 defined in U.S. Patent No. 4,729,921. Para-aramid fibers
are very high in strength and modulus. Examples of para-
aramids are set out in U.S. Pat. No. 3,869,429 and in
European Patent 330,163. Specific examples of para-
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15 sheet useful as reinforcenent in printed wiring board ~ lam nates

Héving a coefficient of thermal expansion of . less than 10 ppm per
[err]C, said sheet conprised of from5 to. 25 wei ght percent
pol y(m phenyl enei sopht hal am de) fibrids and 75 to 95 wei ght percent
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also preferred to employ p-aramid floc of high orientation
and relatively lower crystallinity. Fibrids are defined
in U.8. 4,729,921. | '
To prepare the sheet, the floc and fibrids are
15 dispersed in the desired proportions as an agueous slurry,
the solids concentration generally ranging between 0.005%
and 0.02%. The slurry is_hot refined. The slurry can be
made into paper by conventiocnal means. - In the examples
which follow, wet sheets were formed in an inclined wire
20 Deltaformer (paperméking_machine) and dried using heated
drier cans. The dried sheets preferably having a basis
~ weight between 0.8 and 4.0 oz/yd2: are then calendered
between two hard-surface rolls. Calender pressures
between about 500 and 2500 kg/cm (nip pressure) and roll
25 temperatures between about 130°C and 150°C are commonly
employed. The density of the paper reinforcement should
be between 0.5 and 1.0 the ‘paper should have a Gurley Hill
Porosity of less than 10 sec.
- The paper is then prepregged with a resin hav1ng a
30 high Tg, e.g., above about 160°C. In the examples that
follow, the papers were impregnated on a vertical
prepegging tower using an epoxy resin system, Tg about .
170°C.
The CTE of the reinforced composite is a function
35 of the sheet as well as the resin. The CTE of the p-
aramid fabric is hormally much lower than that of the
resin. However, the use of low resin content, while
‘resulting in a low overall CTE, causes other problems.



agam ds are pol y(p-phenyl ene terephthalanide) (PPD-T) and

copol y( p- phenyl ene- 3, 4' - oxydi phenyl ene terepht hal am de) . ‘Fi bers of
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An agueous slurry comprised of about 79 to 89% by
+ 20 weight of floc (short fibers less than 0.5 in. long) of
poly(p-phenylene terephthalamide) and 11 to 21% by weight
of refined poly(m-phenylene isophthalamide) fibrids was
prepared at a solids concentration of between 0.005 and
0.02%. Proportions of floc and fibrid are reported in
25 Table 1. The slurry was formed into wet sheets as
described above and dried. The dried sheets having a
basis weight (B.W.) reported in the Table, were calendered
at a pressure between 554 and 1676 kg/cm (nip pressure).
The papers having a thickness after calendering as
30 reported in Table 1 had a calculated density of between
' 0.53 and 0.87 g/cc as reported in Table 1.
The paper was prepregged as described above with
epoxy resin, the resin content for each item being shown
in Table 1. Laminates were prepared by preésing 14 to 16
35 layers_of the prepregs Sandwiched between 1 oz. copper
foil on each side in a vacuum press using the following
press (time/temp) cycle: 1 minute at 200°F, 8 psi: 40
minutes at 350°F, 600 psi:'30 minutes at 400°F, 200 psi:
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CLAINMS:

1. Nonwoven aramid sheet useful as reinforcement

. in electronic printed wiring board laminates having a

coefficient of thermal expansion of less than 10 ppm per
°c, said sheet comprised of from 5 to 25 weight percent
poly (m-phenylene isophthalamide)'fibrids and 75 to 95
weight percent p;aramid floc and having a basis weight of
between 0.8 and 4.0 oz/yd2 and a density between 0.5 and

1.0 g/cc and a Gurley Hill Porosity of less than 10
seconds.

_ 2. A nonwoven aramid sheet according to claim 1°
having a density between 0.7 and 0.95 g/cc.

3. A nonwoven aramid sheet according to claim 1
wherein the p-aramid floc is poly(p-phenylene

terephthalamide).

_ 4. A thermoset resin laminate of high dimensional
stability suitable for printed wiring board substrate
consisting essentially of thermoset resin reinforced with

from 43 to 57 weight percent of the nonwoven aramid sheet
of claim 1 or 2.

b



QEAINB:' 1. Nonwoven aramid sheet useful as reinforcenent

in electronic printed wiring board | am nates having a coefficient of

t hermal expansion of |ess than 10 ppmper 5 [err]C, said sheet conprised

of from5 to 25 wei ght percent pol y(m phenyl ene i sopht hal am de) .fibrids
and 75 to 95 - wei ght percent p-aram d&loc and having a basis weight of
between 0.8 and 4.0 oz/yd2 and a density between 0.5 and 1.0 g/cc and a:
GQurley H Il Porosity of less than 10 104 nds. 2. A

‘nonwoven aram d sheet acCOrgigKN (XMPFREGMATED LaMMMTH) FOKlensity between 0.7

and 0.95 g/cc. 15 n e ' et according to claim
1 wherein the p-aramd fl ERF§Gp§p$%§-§ﬁg%3E§ﬂéags t er epht hal am de) .
4. A thernpset resin |lam nate of high dinensional 20 stability suitable

for printgd wiring board subshhairfacr ofORfieS rinvEnegsfNti al ly of thernoset
resin reinforced with_, ercent of the nonwoven

_ f{omZIBfo 57 We |gﬁI 9 t
aranmid sheet . of cPipengiopakly stable résin impregnated laminates

for printed wiring board applications are reinforced with
from 43 to 57 weight percent of nonwoven aramid sheet

_ having a coefficient of thermal expansion of less than 10

10 ppm per °C, a basis weight of from 0.8 to 4.0 oz/yd2, a
density of from 0.5 to 1.0 g/cc and a Gurley Hill Porosity
of less than 10 sec. '



