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materials, in particular printed wiring boards.

s e

[ .



CROSS- REFERENCES TO RELATED APPLI CATI ONS 5298

8 9 US Application Serial No. , entitled Cross-Linked Bi obased Materials
and Uses Thereof, filed on the sane day herewith to Afzail et al., the
leaching of which is incorporated herein by reference.

529849 US Application Serial No. entitled Methods of Fabricating

Cross- Li nked Bi obased Materials and Struct®res Fabricated Therewith, fil ed

on the saméa(cj; an%ewlth to Afzali

With the pervasive use of computers and work stations for personal and business
applications, as well as the incre'asing level of intelligence being built into consumer
appliances and automobiles, the volume of printed wiring boards, (PWBs) fabricated and
assembled into such systems is likely to increase at a rapid rate for the foreseeable
futuré. This trend, compounded by the short ime span between successive generations
of techno!oglcal advances in these products and the associated obsolescence of older
"products 'leads to a potentlally stgmﬁcant problern of dlsposmg ;n‘ the PWBs in these
products. The problem stems from the type of materials used in the manufacturing of the
PWB composites. Traditionally, the PWBs are made of layers of thin sheets of
thermosetting epoxy resins which are applied onio awox;en fabric or a random dispersion
of high modulus or_ganl‘c {carbon or aramid) or inorganic (glass) fibers. These laminates
can be drilled, metaliized and patterned to create vias and interconnection wiring.

The individual layers are thén laminated together énd rigidified, or cured, by_ thermal
andlor chemié:él means to achie\/é- the final sha;;'se and dési_red éléctrit;.al and méi_:ﬁanic_a_l, .
characteristics, these éom%os;t_e"!aminates then Becors acive _ci'r:ii.uit bt;ards ‘when
electronic components are attached to them by lead containing solders. The amount of |
PWBs manufactured in this way is substantial:-according to a 1989 report prepared by ‘
the Technology Marketing Research Council (T/MRC) of the IPC (Institute for

Interconnection and Packaging of Electrical Circuits), PWB manufacturing activities

worldwide consumed 1655 million square fl. of rigid laminate. The volume for North
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et al., the teaching of which is incorporated herein by reference.

Field of the Invention The present invention is directed to structures
fabricated with cross-1linked biobased materials, in particular printed
W ring boards.
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American usage alone was 282 million square ft. The PWBs manufactured in 1989 will
be obsoiete eventually and will need o be disposed of as solid waste. The European
Community has recently mandated a "take-back” policy that forces acceptance of any and
all returned items to the manufacturer specifically for reeycling. Such regulations are likely
to arise worldwide which will further exacerbate the laminate disposal problem and shitft
it to the manufacturing countries such as the U.S. Such PWB composites cannot be
directly disposed ina lapdﬁl! however, because of the space filling and non-degradable
nature of their.make up. Therefore, PWBs are generatly ground up and incinerated ﬁrst
to reduce lat{c;ﬁjl volume " Some manufactures of PWBs voluntarlly accept trade-ins of |
old equipment in exchange for new equipment purchases and incinerate the old PWBs.
Although incineration is a form of recycling in that some energy is recovered, operation
of incinerators with the appropriate scrubbers t}oh ensure that emissions into the
atmosphere are free of poliutants is expensive. Further, the process still gensrates 30%

by weight of -residual ash which in turn has to be handled, shipped and disposed of as

toxic waste in a designated landfill, particularly because it contains metals like lead. The

‘morgamc ﬁbers used in PWBs are not toxic but they are not accessxble to recycling in the

composite form thus- cbnmbutmg to _the ash volume An env;ronmentaﬂy compatlble '
solution to the problem, we believe, has to begin by focusing on seeking out reinforcing
resinous materials, as well as interconnection and assembly materials that are by choice
based on renewable resources, that are non-toxic and yet meet the performance
demands of the electronic applications on hand. Further, it is desirable to seek options

that, when possible, reduce or eliminaie the use of environmentally unacceptable
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Backgr ound Wth the pervasive use of cdrrputers and work stations for

per sonal

and business applications, as well as the increasing | evel of

intelligence being built into consuner appliances and autonobiles, the
yolunme of printed wiring boards, (PWBs) fabricated and
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chemicals and soivents and consume less energy to manufacture thus providing cost and

further ecological advantages.

it is an object of the present invention to substitute the resins and fibers currently used
with bio-based materials. Bio-based materials are defined as materials derived from
renewable resources by chemical or mechanical means or products derived from

biological sources.

it is another object of the present invention to provide reinforced composites, and
methods of fabrication thereof using biobased renewsble resources for manufacture of

printed wiring boards (PWB) that meet or exceed the thermal, mechanical and electrical

-

performance requirements of FR-4 (epoxy based) grade laminates.

-t

it is another object of the present invention to produce PWBs that are comparable in

performance to those currently used and yet at the end of their service lafe be amenable

to waste treatment at least patttally by blodegradabrhty

It is another obiject of the present invention to replace the petroleum based epoxies
currently used in the manufacture of printed circuit cards (such as FR-4) with biobased

materials.
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assenbled into such systens is likely to increase at a rapid rate for the
foreseeable future. This trend, conpounded by the short tine span between
successi ve generations of technol ogi cal advances in these products and the
,associ at ed obsol escence of older products leads to a potentially
significant problem of disposing of the PWBs in these products. The
probl em stens fromthe type of naterialsafsed in the manufacturing of the
PWB conposites. Traditionally, the PWBs e made of |ayers of thin sheets
of ther nosHiIMMARE X THECINVENTIKINh are applied on to a woven fabric or a
random di spersi on of high nodul us organic (carbon or aram d) or inorganic
(glass) fibers. These |am nates can-be drilled, netallized and patterned
to create vias and interconnection wring.

A broad aspect of the present invention is a structure which is a composition of a cross-

linked biobased material and electrical conductors.

in a more particular aspect of the present invention, the structure is a printed wiring

board.

In a more partiqular aspeét of the present invention, the biobased polymers selected from
the group of lignin, crop oils, wood resins, tannins, polysaccharide resins and

combinations thereof, -
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The individual |ayers are then |am nated together and rigidified, or cured,
by thermal and/or chem cal neans to achieve the final shape and desired

el ectrical and nmechanical characteristics, these conposite | am nates then
beconme active circuit boards when electronic conponents are attached to
them by | ead contai ning solders. The amobunt of PWBs manufactured in this
way is substantial: according to a 1989 repgrt prepared by the Technol ogy
Mar ket i'ng Research Council (T/MRC) of the IPC (Institute for

| nt er conneBRIBA RESCRIEKON OF 0HEEBDARwIiNGE Circuits), PWB manufacturing
activities worldw de consuned 1655 mllion square tt of rigid |amnate.
The volune for North

Further objects, features, and advantages of the present invention will become apparent
from a consideration of the foflowing detailed description of the invention when read in

conjunction with the drawing and FIGs, in which:

Fig. 1 is a monomer from which lignin is formed.

Fig. 2 is an example of a iignin polymer.

Fig. 3 schematically shows an amino-aldehS/de cross-finking agent according to the

a

present invention. !

Fig. 4 shows an aldehyde group for Z of Fig. 3.

lftg S shows specific example of the amino-aldehydes of Fig. 3. - T e

Fig. 6 schematically shows a process to form a prepeg.

Fig. 7 schematically shows a process to form a laminate from a prepeg.

Fig. 8-9 show a PWB formed by a substractire etch process.
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Ameri can usage alone was 282 mllion square |li. The PWBs manufactured in
1989 will be obsolete eventually and will need to be disposed of as solid
waste. The European Community has recently mandated a "take-back" policy
t hat forces acceptance of any and

7
Fig. 10-11 show a PWB formed by an additive process.

Fig. 12 shows transetherification amino cross-linker reactions.

Fig. 13 shows estherification amino cross-linker reactions.

——————
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all returned itens to the manufacturer specifically for recycling. Such
regulations are likely to arise worldw de which will further exacerbate
the | am nate di sposal problemand shift it to the manufacturing countries
such as the U S. Such PWB conposites cannot be directly disposed in a

| andfill however, because of the space filling and non-degradable nature
of their make up. Therefore, PWBs are generally ground up and incinerated
first to reduce landfill volune. Sone nuf actures of PWBs voluntarily
accept traQﬂsf prent i n exchange for new equi pment purchases
and incinerdLéﬂtﬁgng%kg3 Although incineration is a formof recycling
In that sonme energy is recovered operation of incinerators wth the
appropriate scrubbers to ensure that emissions into the:

The currently used fossil fuel derived epoxy resins, would be replaced with resins derived
from biobased renewable resources. Biobased materials are defined as polymers, or
precursors, derived from renewable or biological sources by chemical or mechanical
means. These materials include non-modified and chemically modified lignin (a
component of wood and a by-product of paper manutfacture), crop oils, wood resins,
tannins, and poiysacch_a:rme resins that ieg:lude, but are not limited to, cellulose and
{commercially evailab{e) derivatives of cellulose and combinations of these materials.
Due to the abundance, lower cost, and reduced _enefgy‘ requirements for producing these
biobased materials, there should be potential cost advantages in the long term. !t. is
desirable that these materials meet or exceed current -P!}VB requirements for performan'ce

!

and reliability as shown below: -

- Table-1: Propertieé of FR-4. Epgxy/G'Iass:Laminates.
ST e Maximum Continuous Operating Temperature: 130°C
 Geefficient” of Thérmal Expansion (CTE):

. lengthwise: 100 ppm

crosswise: 150 ppm
Water Absorption (24 hr immersion RT): 0.5%
Flammability Rating (UL Class.): 94V-O
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at nosphere are free of pollutants is expensive. Further, the process still
generates 30% by wei ght of residual ash which in turn has to be handl ed,
shi pped and di sposed of as toxic waste in a designated landfill,
particularly because it. contains netals |like | ead. The inorganic fibers
used in PABs are not toxic but they are not accessible to recycling in the
conposite form thus-contributing to the ashlpvolune. Anh environnentally
conpatible solution to the problem we believe, has to begin by focusing

on seeking out rei nfRen@irdICStrarf Mlengtheloesh:al s, as wel | as int ers@%mﬁg,gj on
and assenbly materials that are by choice based on renewabl e resources,

that are non-toxic @ighpyePeBPSieidt @65 iQIMIMBRY: demands ofgthe el ectronic
appl i cations on hand. Eurther, it is desirable to seek options

Weight of Base Material {(no metal cladding): 5 oz/ft2.
Dielectric Constant (1Mhz ASTM D150): 4.6
Dissipation Factor (ASTM D150): 0.018-0.02
Dielectric Strength (ASTM 149): 500 volts/mil
Digiectrié Breakdown (ASTM D149): 40 volts

. Thermal C__o_nductivity (base material, no copper): 1.8

The ﬁnderiying theme of the present invention is to substitute the resins and fibers
currently used with bio-based materials. We seek to.re‘place the synthetic resin ratrix
with renewable resinous materials, These materials may be chemically mc;diﬁed;
:

to introduce reactivity that will enable cross-linking and hardening, or be co-reacted with-
other _comp_our_xds t_:bnmining .,_gross-iinkap_lga _fun_t,:_tional groups:._ Some examples (by no.
m_ean_s cgmp!ete or___ﬁ_na!)_- are lignin frac_tion_sﬁ frpm_véripus sources. -cd;nbined ‘with a
naturally-eccuriing 'Ef‘éorﬁiﬁemiai"epoxy ér dmino Eids@l-i-nl-'(e{é'_pa;;abié of co-reactions.
Epoxidized crop'oiis can be addéd as needgd,. as reactive diluents or plasticizers.
Materialé of choice will be those which can be readily prepared in soluble fiquid or
semi-solid form which is most conducive to encasement around the fiber reinforcements

using the currently available tooling and technology infrastructure for PWB fabrication.

Additional biobased resin materials are modified celluioses or other polysaccharides.
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t hat, when possible, reduce or elimnate the use of environnentally
‘unaccept abl e 4

10
These resins can be used with conventional glass or organic fiber rginforcements to verify

that they have performance levels equivalent to the current epoxy resin based PWBs.
Additionally, the giass fibers currently used could be replaced with bio-mass fibers, such

as celiulose, jute, kenaf, ramie, flax, etc.,

Issues such as fiber weltability by the resins, dimensional stability in dry and wet
environments, non-flammability, and mechanical properties of the composite as required
to meet the _se_rvice needs of the PWB are faciors in determining the optimized resin and

fiber combination.

According to the present invention, biobased polymers having alcohol group, in particular

-

phenol groups and aliphatic alcohol groups; and unsaturated carbon-carbon bonds are

cross-linked through cross-linking-agents.

Preferred biobased materials are lignin, crop oils, wood r_e'_sins,'-tannin, polysaccharide
resins, tannin and combinations thereof. The most preferred biobased polymer is lignin”

-

and lignin in- combination with-crop ‘ails; Wood resins;-tannins, and polysaccharides.

According to the present invention, these bio-based polymers are cross-linked through
polyfunctional cross-linking agents. A polyfunctional cross-linking agent has at least two
sites which chemically interact with a reactive site on the bio-based material. Preferred

cross-linking agents are polyfunctional epoxies and amino cross-linkers. Amino cross-
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chem cal s and solvents and consunme ess energy to manufacture thus providing

cost and

further ecol ogi cal advant ages. It is an object of the present

invention to substitute the resins and fibers currently used wth

bi o- based naterials. Bio-based naterials are defined as materials derived
from renewabl e resources by chem cal or nechanical means or products
derived from biological sources. ?gother obj ect of the present

i nvention to provide reinforced conp05|tes

linkers are molecules with a nitrogen atom with at least one aldehyde group bonded
thereto. Figure 3 shows an example of such a nitrogen atom wherein Q is the molecule,
Z is H or an aldehyde group, wherein R’ and R® are preferably H or an aliphatic group.

Figure 4 shows an aldehyde group wherein R' and R? are preferably H or an afiphatic

group.

lnvestigaﬁons of biobased materials for use in the manufacture of an environmentally
conscious or "green PC (pnnted cnrcun) board have produced a lammatmg resin using
blobased or biodegradable materials, such as lignin (a by-product of paper manufacture),

blended with certain commercially available epoxies. *This resin has physical properties
(such as glass transition temperature, coefficient of thermal expansion, thermal stability,
and dielectric constant) that are similar to epoxy basec; boards known as FR4. Prepreg

and laminates have been produged in the lab with a formulation that is >40%, preferably

>50%, biobased. Alternate resin formulations (using higher functionality cross-linking

agents, such as epoxies_.) have exhibited some properties that are §uperipr to FR4 grade I

- which are suitable for advanced grade (aminating resins. -~ .

In addition to meeting these needs, the bio-based materials can also be designed to be
easily implemented in the current PWB manufacturing facilities. This will minimize

additional tooling driven capital expenses and enable rapid commercialization production

‘of these new PWBs.

e
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net hods of fabrication thereof using biobased renewabl e resources for

manuf acture of printed wiring boards (PWB) that neet or exceed the
thermal , nmechanical and el ectrical performance requirenments of FR-4 (epoxy
based) grade | am nates. It is another object of the present invention to
produce PWBs that are conparable in performance to those currently used
and yet, at the end of their service |ife be anenable to waste treatnent
at least partially by biodegradability. 12 It is another object of the

present i NyQRédeOtothdsRBS, 2GBcoBIMgPeS 1R SMBERASRRBIRON &fe stripped of electrical

components, ground up and subjected to micr;)bial, bacteriological and fungal attack
conditions found in a landfill or sewage treatment farms, biological reclamation may
eventually take place. The option to separate the metallic content of the PWB waste
before sending it to the landfill can be employed if economically wérranted for
reclamation. It is anticipated that these materials may be amenable to composting,
thereby achieving biological recycling and eliminating incineration entirely. Even if landfill
or composting is not an option and incineration is pursued, an environmental benefit can
still be realized. The-"buming o;‘ renewable resources is ne.utrai in terms ;f green house |
gas production since CO, from these resources is eventually recycled into the
environment anyway. Energy is conserved directly because of the low energy
requirements for the processing of wood based proddct;, typically 5-10 million BTU/Ton
compared to 30-80 million BTU/Ton for most plastics production. Therefore, dependence

on finite fossil fuel resources, increasingly supplied from politically volatile foreign sources,

is also lésséned_.

Most importantly, the-use of bio-based matérials will-lead to direct Gost benefits ds well:
Renewable materials, such as lignin, cellulose and polyséccharides, in unmodifted form
are in abundant supply. Coét effective strategies of chemical modification or blending
with low cost non-renewable polymers to obtain the same properties for a bio-based PWB
composite, should offer lower cost and more competitive pricing of US made , FR-4 grade

PWBs, in addition to providing environmental advaniages.

) \'\
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currently used in the manufacture of printed circuit cards (such as FR-4)
w th bi obased nmaterials. 5

sSummary of the Invention According to one aspect of the present
invention, there is provided a printed circuit board structure
conprising: a material conprising a cross-linked biobased polymer; said
material containing an electrical conductgh. Accordi ng to anot her

aspect of the present invention, there is provided a structure
conpri si ngignia isvart arunaétzocmnm{mengzamsx i produntkeicthbipabas sdnpelauTRIg, ingiakely,

mat eri al containing an electrical conductor, and wherein said
materi al iapdat siebéerhRIentedas hipfina#y @8ndidate for use in biobased epoxy formulations.
In nature, lignin is an amorphous, polyphenolic material arising from an enzyme-mediated
dehydrogenative polymerization of three phenyipropanoid monomers (Figure 1) -
coniferyl(a), sinapyl(b), and p-coumaryl(c) alcohols. Softwood lignin is comprised
principally from conifery! aicohol, while hardwood lignin is comprised of both coniferyl and
sinapyl alcohol units in varying ratios. Grass lignins may contain all three types of aicohol
units. The blosynthetlc process:_ w_h_tch con5|sts essennally of radical coupling reacﬁons
) ieads to the formation of athree-dmensnonal polymer that lacks the regular and ordered
repeating -units found in other natural polymers such as cellulose and proteins. For this
reason, lignin is viewed not as a constitutionally defined compound, but as a composite
of physically and chemica!!y heterogeneous matéri‘als whose structure may be
represented by m_odels, such as_shown in Figure 2. Such a model s'hould not be
regarded as depicting the exact structural formula for fignin, but as a vehicle for lilustrating
the types of imkage modes of the consntuent structura! elements and the propomcns in
whtch they are believed m qceur m llgnm The structurai elements comprising lignin are
Imked by carbnn—carbon and ether bonds.- tnits that are tnfunct;ona{iy linked t6 adjacent -

units represent branching sites that give rise to the network structure characteristic of

lignin.

During paper pulping, fignin is separated from the cellulose and other polysaccharides in

plant tissues. Paper pulping processes utilize solvolysis of the ether linkages to degrade
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and a second side, said electrical conductor at a | ocation of said

structure, said |ocation bei ng selected fromthe group consisting
<of said first side, said second side, within said sheet and between
said first side and said second side, and wherein said structure

conprises a plurality of said sheets |am nated together. - Accordi ng
to still another aspect of the present invention, there is provided a
structure conprising: a pluralitj4of |anminated sheets; a patterned

el ectrically.conductive |ayer di spo be en _each of said .
am nat od 19t ST laert B poleshipacePol Bhihe Hfeaut reotnetiy  anagolc
each of sajd Jam nated sheets to electrically interconnect said pattern of
el ectri cal ‘JI“\?%?%UE‘PPQ% I g\iég? fya?fefr@he%wscéﬁﬁ&?% A8 Hechae -Rherkpgopancid
bi obased nateri al . selected fromthe group consisting of lignin,
crop oil s, skdelans éwisgshavieg e eseriestdienpact on the reaglivify of: lignim inclyde phenolic,
conbi nati ons thereof. According to still another aspect of the
present i nhsirokynbendyde sydoxpk avd detboaypgroupsdhe frequenay pfithesdhomugs, as well
conprising: a sheet material containing an electrical conductor and
as the molecular weight (MW), MW distribution, and residual contaminant levels will be
dependent on the source of the lignin and on the pulping and isolation processes.
Several methods have been used to remove lignin, including the alkaline based Kraft
process, the solvent based Organosolv process, and the Steam Explosion process which -
is followed by either alkaline or solvent recover&( of the degraded lignin.

Lignin‘ isolated by Kraft:, Organosolv, and Steam Explosion processes are useful {o
practice the present'invéntion. Elemental analysis of -c:o;nmerciaily available samples of
Kraft lignin from Westvaco, Charleston Heights, S.C. indicate that they contain 0.93%
sodium, 0.14% potassium, 3.2% ash, and 1.9% sutfur (probably primarily bonded to the
_ar_omaﬁ_c_ ring_s.). - The level of ionics in this sample is_ undesirable for -electronic
_ applications. We have reduced these levels -throligh -acidic/aquecus -wa'sh'e—s and
‘extractions with waler. ~Repeatéd washirig- of Kraft fignin ha§ produced samples with
sodium and potaésium levels of around 200 ppm, as well as moderately reducing ash and
sulfur levels to 1.3% and 1.4%, respectively. A sample of Kraft lignin was extracted for
one week in a Soxhlet extractor, after which the extracted lignin and extraction residue

were analyzed. The extracted lignin had significantly lower levels of sodium (50 ppm),

potassium (33 ppm) and a somewhat lower level of sulfur (1.14%), while the levels of ail
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conprising a cross-1linked biobased polyner and additives, said additives

being particles sel ected fromthe group consisting of electrically
conductive particles, thermally conductive particles and

di el ectric particles. According to still another aspect of the
present invention, there is provided a printed Wi ring board

conprising: a sheet material containing anislectrical conductor and
conprising a cross-1linked biobased polynmer and additives, said additives
bei ng sel eef tegse elements ifareasechin reoagrantiosirssidng, O‘fdxquﬂhgl Ha@hoo0dh , water
fibers, and cloths. According to still another aspect of the
present i nweshingshotlieveesifficipnioni rdedoeathp iévlsest unwanted ionidd fol étﬁ:ebf%ﬁfléi levels.
conprising: a sheet material containing an electrical conductor and

The weight average MW of the commercial Kraft lignin samples was measured by get

permeation chromatography to be 6,000, with a polydispersity of 4.4 .

Organosolv lignin was acquired from Aldrich and Repap, Inc., Valley Forge, PA. The
Organosolv process utilizes organic solvents at high temperature and pressure to solvate
the lignin. Organosolv lignin is therefore much Iower in fonic and sulfur content. The
analysxs of the Organosolv sample mdicated low levels of sodnum (83 ppm), potasscum
(39 ppm), and sulfur {<0.15%)} as received. The molecular weight of this material was
lower, with a weight average molecular weight of 2,700 and a polydispersity of 2.8.
A sampie of steam exploded lignin, obtained from Stake Technologies, from Norval,
Oritan'o -Canada; was recovered under alkaline conditions. The lignin, as received,
contamed 1 1% sodzum and 0.7% potass:um Aﬁer repeated washmg, these Ieveis were
~ Feduced to 300-500 ppm.. The steam exploded lignin had. the highest mo!ecuiar we:ght

-7 with a welght average MW of 23 000 and @ po1ydxsper3tty of 1.

In addition to elemental analysis, infrared spectra of Kraft and Organosolv lignin have
been taken. These spectra indicate that the Kraft lignin is derived from softwood trees
(as expected for lignin from paper pulp sources), but that the Organosoly fignin is derived

from hardwood trees. Lignin from softwood is corfiposed almost entirely of polymers of

E‘hls Shee
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5a conprising a cross-linked bi obased pol yner and additives, said
additives being elongated particles selected fromthe group consisting of

fi bers,

-

rods and- fabrics.

16

coniferyl alcohol, while hardwood lignin has a mixture df coniferyl and sinapyl alcohol
monomer residues. Further analysis and formulation with these materials will aliow

determination as to which fignin is optimal for our applications.

Crop oils are a bio-renewable source of mono- and multiunsaturated (primarily straight
chain, C16 - C22) fatty acids. The crop oils of primary interest for this application are

those containing high levels of multiunsaturated f{atty acids which can be easily

egcxidized:_Com_me_r_cia{iy available epoxidized vegetable oils, such _ais soybean, linseed, -

and tung oil, serve as both stabilizers and plasticizers in a variety of commercial polymer
formulations. Epoxidized crop oils may be incorporated as reactive diluents to adjust the

viscosity and flow properties of the resin formulation during casting and {amination, or as

i
H

plasticizers.

- The phenoalic, _-hy‘draxil, and carbor:'syl functional groups on lignin can be reacted with

. _epoxy or gmihdfaldeh:gdei crossiinkers. Amino-aldehyde cross-linking compounds are. -

. .defined as monomeric, oligomeric, or polymeric resinous substances (either solid or liquid)

— -~ -which afé-formed by"the reaction ‘of-amines or amides “with aldehydes {usually

formaldehyde). The commerg:ialiy available materials are aminoc-aldehydes, urea-
formaidehyde, melamine-formaldehyde, glycouri-formaldehyde and benzoguanamine-
formaldehyde polymers (see fig. 4). Amino crosslinkers are used to.form thermoset
coatings , usually through co-reaction (i.e cross linking) with hydroxyl, carboxyl or

amino/famide functional molecules, and/or through self condensation (see fig. 12).

——— .
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6 BRI EF DESCRI PTI ON OF THE DRAW NGS Further objects, features, and
advant ages of the present invention will becone apparent froma

sconsi deration of the followi ng detail ed description of the invention when
read in conjunction with the drawing and FI Gs, in which:

17
Transehyerification of the cross-linking agent with the hydroxyl group on the biobased
potymer, such as an alcohol group, for example, a phenolic group is shown in Fig. 12,
wherein V is the biobased polymer and Q is the aminoaldehyde and R’ is H and alkyl.
Fig. 13 shows esterification of a cross-linker formation, wherein a carboxylic acid, wherein
V, Q and R, are the same as on Fig. 12. The lignin molecule is capable of reacting with

any amino cross-linker {o form a laminating resin.

The thermal a;ld ei_ecztrica! properties of a material are important to its applicability in -
circuit board teqhnoldéy. We have formulated lignin with digfycfdyl ether of bisphenol A
(DGEBA) and benzyidimethylamine (BDMA) as the iritiator. The thermal properties of
these formulations varied with composition, so a study of composition vs glass tran:sition
tem-perature (Tg), coefficient of thermal expansion (C;TI‘E), and thermal degradaﬁor; was
performed. Both Kraft and Organesolv lignins were included in this studjy. Compositions
with lignin and DGEBA with lignin concentr!aﬁo_ns varying from 20-80% of the total solids
content were included. The results of the 1:’g evaluations indicated that the highest glass_
tran_siiions .could be obtamedwﬁh resins formulated _wﬁh- lignin coqcentra;tion's of between
’50-60% - The gle;ss'tiangﬁioﬁ femperatire ‘decreased: for formulations both abové afd
beijow this range. The highest 'fg observed was 147°C from a formulation with 56% Kratft
lignin, 44% DGEBA, an;i 0.4% BDMA. For comparison, a sample of FR-4 resin exhibited

a Tg of 135°C. In general, Tg was sfightly lower for the formulations with Organosolv

lignin.

[his Sheet Has Been Replaced 1
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Eig. 1 is a nononer fromwhich lignin is forned. Fig. 2 is an exanple of
a lignin polyner. Fig. 3 schematically shows an am no-al dehyde
tross-linking agent according to the present invention. Fig. 4 shows an
al dehyde group: for Z of Fig. 3.

18

The thermal degradation of these formulations was evaluated al temperatures up 1o
300°C. The weight loss was consistent for samples with weight ratios of ligni/DGEBA
from 0.5-1.5, but increased rapidly above and below this range. The weight loss within
this range was similar for the various materials formulations, averaging around 1% weight
loss at 250°C and about 3% loss at 300 C. This compares favorably with a test sample
of FR-4 which exhibited a weight loss of 1.2% at 250°C and 38% at 300°C. The
materials/formufaﬁon had minimal impact on the CTE, which was 50-70 um/m°C below
Tg (compared to about 85 for FR-4 in the z—dnrecuon) and 180—210 um/m°C above Tg

(compared to 250-300 for FR-4) for all formulattons

A critical parameter of any potential FR4 replacement is the material's dielectric constant.
The dielectric constant of resin discs with varioﬁs .compo'sitions were measured,
Formulations using Kraft lignin and DGEBA with 20-50% lignin had dielectric constants
of 4.14 - 4.05. Resins formulated with Organosolv lignin and ISGEBA with 50-66% lignin
haq_ dielectric constants of about 3.7. Dielectric consiants._fo'r Fﬁ-«i laminates are between

4 - 5. . - .- . - - _. . - g .

A varisty of catalysts or initiators may be used to cure epoxy systems. The initiators are
preferably tertiary amines, for example benzyldimethylamine (BDMA), tetramethylbutane
diamine (TMBDA), and 2-methyl imidazole (2Ml). Tertiary amines tend to increase the
rate of phenolfepoxy reactions over aliphatic alcohol/fepoxy reactions. A variety of natural

products containing amines may also function as catalysts including.caffeine, guanine,

TR



Frg. 5 shows specific exanple of the am no-al dehydes of Fig. 3. Fig. 6
sthematically shows a process to forma prepeg. Fig. 7 schematically
shows a process to forma |lam nate froma prepeg. Fig. 8-9 show a PB
formed by a substractire etch process.

19
and folic acid.

In order to form ‘prepreg’ and laminate cores (from multiple sheets of prepreg) it is
necessary to provide for an intermediate ‘cured’ state- commonly referred to as 'B' stage.
During the laminate core formation state, usually the final laminating step - the resin is
advanced from the 'B' stage to the completely cured material or 'C' stage. This 2 stage
curing process is easily accomplished with epoxy or amino crosslinkers combined with
lignin by adjusting the type_ and amo_uht__,of cross-linker and the type and amount of
specific catalyst to raise or lower the. curing temperatures. The epoxy and amino
crosslinkers are also solubie in typical ‘prepreg’ solvents , such as acetone, alcohols and

other higher ketones.

The preferred formulation that yielded the highest glass transition temperature {56% Kraft
lignin, 44% DGEBA. 0.4% BDMA) was used to form a prepreg on 106 glass clott; using
.a hand treate_'r' _ibwer’. A preférre;i___ solution that was 52% solids in a methyt ethyl _};etone/
ethanol (1}'1) solvent system was applied to the cloth and received a5 min., 150°C.
B-sfage bake. This resulted-in a3 mil Thick, fiéxib!e“,‘wck. free ;'Jieprgg: infféa-'e-d s;;ectr-a
indicate an almost 50% reduction in the height of the epoxy peak, indicating an
acceptable extent of reaction during B—sta_gfng. Samples of this prepreg were laminated
in a vacuum lamination press both with and without 1 oz. copper cladding. The preferred
lamination conditions were chosen to be similar to those currently used for FR-4; 450-500

psi, 180-185°C, 70 min. cure time under vacuum. These prepreg sampl-es laminated well

“his Sheet Has Been Re
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7 Fig. 10-11 show a PWB fornmed by an additive process. Fig. 12 shows
t.ranset herification am no cross-|inker reactions.

20

without excessive flow, producing tough, flexible laminates with good copper adhesion.
A sample of the coppe} clad prepreg-laminate was patterned (using Riston) and etched
to produced S mm peel strips. Ninety degree peel tests on an Imass Slip/Peel Tester
indicated an average peel strength of 8 ib/in, which meets the standard IPC requirement

for peel strength.

Exposure of the laminate to the copper etching solutions did not appear to have any
adverse effects. Dielectric measurements of the laminate are also in progress. The glass

transition temperature of the uncléd laminate was measured at 130-134°C.

-

The glass transition temperature of a resin affects the dimensional stability of the
laminate. In general, the use of higher functionality epc;xy resins-will produce increased
cross-linking, higher Tg, impfoved dimensional stability, and improved moisture
resistance_. DGEBA has a functionality of 2, but many epoxy novolac resins have higher
functionality'-- Anticipating the need for more advanced applications we have also B
formuiated lamznatx;\—é ;ésms with mtxtures .of lignin -and epoxy novolacs, mc!udmg Dow's
| B.EN. 431 (ave. funclionality =2.2); 438 (ave-funct. = 3B) and 438 (ave: fuhcl. < 3.8),
and Ciba Geigy's epoxy cresol novolacs ECN 1273 (ave.‘funct. =4.8), 1280 {ave. funct.
=5.1) and 1289 (ave. funct. = 5.4) using 55% lignin, 45% epoxy resin, and 0.4% initiator.
The Tg of the pure resins after cure (2 hr/150°C) do show improvement over the

ligniyDGEBA formulations, with Tg's of 153°C, 158°C, 161°C, 173°C, 172°C, and 176°C

respectively.
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Frg. 13 shows estherification am no cross-1linker reactions.
DETAI LED DESCRI PTI ON :

-

21
The properties of the cross-linked biobased material according to the present invention,
can be modified by adding additivesto the materal, such as particles, rods, fibers and
cloths. To enhance the thermal conductivity, thermally conductive particles can be added.
To modify the dielectric constant, dielectric particles can be added. To enhance the
strength particles, in particular elongated particles such as fibers, rods, or fabrics, can be

added.

Figures 6 te-11 s_hpw a process to fabricate printed circuit boér_ds according to the present
invention. Fig. 6 shows the .forme_mon of a prepeg. Roller 20 has fabr.ic 22 wound
thereon. The fabric 22 is fed over roller 24' into res{n tank 26 where the fabric is
saturated with resin. The saturated cloth is fed through squeeze rollers 28 and 30 to
remove excess resin. The saturated cloth is fed L;p a treater tov\fer 32 where it is
exposed to energy, preferably heat or electromagnetic radiation, at a'number of stages,
for example, stages 34, 35, 36 and 38 to partially cure (cross-iink) the:resin impregnated

cloth.to which.a tack free condition (prepeg) is directed -by roller 40 for rewinding onto

roller 42, The prepeg s Uinwounid. from roller 42 and cut into sheets 44.

- - - - p——

Referring to Fig. 7, a number of prepeg sheets 46 are stacked with copper foil 48 and 50
on the outside of the stack. The combined étack is pressed by platens 52 and 54 while
energy, preferably heat or electromagnetic radiation is applied to fully cure or cross-link

"~ the resin to form a laminate.
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The currently used fossil fuel derived epoxy resins, would be replaced with
resins derived from biobased renewabl e resources. Biobased materials are
defined as polynmers, or precursors, derived fromrenewabl e or bi ol ogi cal
sources by chenical or nechanical neans. These materials include

non-nodi fied and chemcally nodified lignin (a conponent- of wood and a

by- product of paper manufacture), crop 0i2%, wood resins, tannins, and

pol ysaccharide resins that include, but are not limted to, cellul ose and
(comer ci 419§ 209 Show @ suhsiraolife] elek pedcess o inresa FAWB. Joabh shewsiemirte B8se
materials. Due to the abundance, |ower cost, and reduced energy

r equi r enemttsct bas ptiorgugi-hglet A2 dldlled from surface 64 to 66. The laminate surfaces 64 and

66 and through-hole sidewall 68 are coated with a thin metal by conventional seading and
electroless or electrolytic plating. A patternable resist 67, preferably a photoresist, is
disposed on the metal layer which is substractively etched to produce electrically
conductive pattern 70 on surface 64, 72 on through-hole sidewall 68, and 71 on surface
66 to form PWB 65._ Metal 72 on through-hole sidewall 68 electrically interconnects

patterns 70 and 71.

Figs. 10 and 11 show an additive etch process for forming a PWB. Reference numbers
common between Fig. 8 -.11 represent the same thing. Patterned resist 74 and 76 are
disposed on surface 64 and 66, respectively, of lamine.lte 60 with through-hole 62 formed
therein. Metal, preferably copper, is electrolitically or electrolessly plated onto those parts
of surface 64 and 66 exposed through the resist pattern to form _electrically conducting

patterns 80 and 82 on surfaces 64 and 66 respectwely The metal 86 on through-hole

—

srdewail 68 electncally mterconnects pattems 80. and 82 to form PWB 86 - .-

- .

The PWB 86 and 75 can be stacked to form a multilayer PWB. An electronic device such

as silicon chip can be mounted in electrical connection with the PWB 86 and 65.

While the present invention has been described with respect to preferred embodiments,
numerous modifications, changes, and improvements will occur to those skilled in the art

without departing from the spirit and scope of the invention.
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bi obasedl raterials, there should be potential cost advantages in the |ong
term It is desirable that these materials nmeet or exceed current PVB

r"equwm%s—f—owe%emnce and reliability as shown bel ow - Tabl e 1:
X y/ d ass Lam nates Maxi mum Cont i nuous
130[err]C Goefficient of Thermal
| engt hwi se:
Cr oSsw se: 150
CLAIMS

1.

A structure comprising:

a material comprising a cross-linked biobased polymer;
said material containing an electrical conductor.

2. A structure according to claim 1, wherein

saud material is a sheet havmg a first side and a second side,

" said electrical conductor af a location of said stritiure, said
location being selected from the group consisting of said first
side, said second side, within said sheet and between said
first side and said second side.

3. A structure according to claim 1, wherein said biobased polymer is selected from
the group consisting of lignin, crop oils, wood resins, polysaccharide resins, tannins
and combinations thereof.

4, A structure according te-claim 1, wherein said biobased polymer-is cross-linked
through a cross-linking agent selected from the group consisting of epoxies and -
aminoaldehydes.. . -_ _ - N -

5. A structure according to claim 1, wherein said biobased polymer is selected from
the group consisting of modified and non-modified forms of said biobased polymer.

8. A structure according to claim 4, wherein said cross-linking agent is an amino
formaldehyde.
7. A structure according to claim 1, wherein said cross-linked biobased polymer is

T



WAt er—Absorption (24 hr_i mersion RT): 0. 5%

T .

10.

11.

12.

13.

14.

15.

16.

17.

particles and dielectric particles. : L

94V- 0O

24

lignin in combination with a material selected from the group consisting of crop vils,

wood resins, polysaccharide resins, tannin and combinations thereof.

A structure according to claim 1, wherein said structure comprises a plurality of

said sheets laminated together to form a laminate.

A structure according to claim 1, wherein said biobased cross-linked polymer is
greater that 40% by weight of a material containing said cross-linked polymer.

A structure according to claim 1, wherein said sheet compnses saxd cross—lmked

biobased polymer and further includes additives. o e

A structure according to claim 4, wherein said aminoaldehyde is selected from the
group consisting of urea-formaldshydes, glycouril-formaldehydes, melamine-
formaldehydes, benzoguanamine-formaldehyde. -

i

A structure according to claim 9, wherein said additives are particles.

A structure according to claim 12, wherein said additives are particles selected

from t__h:e group consisting of electrically -conductive particles, thermally conductive

e

A structure -according to claim 11, wherein said particles are hollow.
A structure according to claim 11, wherein said particles are elongated.
A structure according to claim 13, wherein said elongated paricles are rods.

A structure according to claim 10, wherein said additives are a fabric which is

impregnated by said cross-linked biobased polymer.

" |ﬂi‘”“




— -—— Flexural Strength (length/cross.):
Peel Strength (1loz foil/anmbient):

3'2?;5{ ﬁTlsllllﬂﬂlﬂllllHllll [l e e (3 Mo ASTMDISO) D 46

Di ssi pati on Factdr {ASTM DL50): 0. 018-0. 02
Dielectric Strengt h (ASTM 149): 25 500 volts/ ml
Di el ectric Breakdown (ASTM D149): 40 volts

Ther mal CABduct SHUSHTEIAESETSHRS & pigfm Tnyhewip el strucjurg is a printed circuit board.

18. A structure according to claim 2, wherein said structure comprises a plurality of

said sheets laminated together.

20. A structure according to claim 17, wherein there are a plurality of electrically

conductive layer between said laminated sheets.

21. A structure according to claim 20, further including an electrical conductor pattern
on said first side and said second side of each of said laminated sheets, and an
electrically conductive path extending from said first side to~said second side of ™ -
each of said laminated sheets electrically connecting said electrically conductive
patterns on said first and said second sides of each of said laminated sheets.

22. A structure according to claim 21, further including an electronic device disposed
in electrical connection with said electrical conductive’ pattern.

!

23. A structure .according to claim 10, wherein said additives are reinforcements.

24.  Astruciure accordmg to claim 10, wherem said addttwe IS selected from the group .-
consxstmg of aram:d carbon ﬁberglass ceﬂulose jute, kenaf ramze and flax.

25. A structure comprisi_ng:
a plurality of laminated sheets;

a patterned efectrically conductive layer disposed between

each of said laminated sheets;

electrically conductive paths disposed within each of said



The undérlyi ng-thepre of the present invention is to substitute the resins
and fi bers current sed with bio-based materials. W seek to replace the
synt h I!I wi th renewabl e resinous materials. These materials
may be ied: to introduce reactivity that will enable
crossli nk| ng an har deni ng, or be co-reacted with other conpounds

contai ning cross-linkable functional groupg Sone exanples (by no means
conplete or final) are lignin fractions from various sources conbi ned with

a_ naturally occurripgiRdte€ SHERIS talelcRRRVANy MiteABhAOCCERESsAdk &S capabl e
of co-reactions.
electrically conductive layer;

said sheets comprise a cross-linked biobased material
selected from the group consisting of lignin, crop oils, wood
resins, polysaccharide resins, tannin and combinations
thereof.

26. A structure comprising:
a plurality of laminatéd sheets; -

a patterned electrically conductive layer~ disposed between
each of said laminated sheets;

electrically conductive paths disposed within each of said
laminated sheets to-electrically interconnect said pattern of
electrically conductive fayer;

said sheets.. compfise--a cross-inked biobased .material -
selected from the group consisting of lignin, crop oils, wood . - ,

— . = resins, : polysaccharide _fesins; tamnin and combinations - -
thereof.

i



Epoxi di zed. crop oils can be added as needed, as reactive diluents or
pl‘asticizers. WMaterials of choice will be those which can be readily
prepared in soluble liquid or sem-solid formwhich is npost conducive to
encasenent around the fiber reinforcenents wusing the currently avail able
tooling and technol ogy infrastructurgzfor PWB fabrication. Additiona

bi obased resin materials are nodified cellul oses or other polysacchari des.

STRUCTURES FABRICATED WITH CROSS-LINKED BIOBASED MATERIALS

ABSTRACT

A structure which is a composition of a cross-linked
blobased material and electrical conductors, in particular
a biobased printed wiring board (86) using the composition
is described. Biobased materials such as lignin (Fig.1},
crop olls, wood resins, tannins, and polysaccharides and
combinations thereof are cross-linked, preferably using
heat, a cross-linking agent (Fig.3), and an initiator.

The materials fabricated have suitable properties for printed
wiring boards which. are made by imprggnating ‘a fiberglass or
biobased cloth with an admixture of the bilobased material,
cross-linking agent and initiator which is processed by
conventional methods to produce a printed wiring board.

Figuré 11,

t
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O These resins can be used with conventional glass or organic fiber
reinforcenents to verify that they have performance | evels equivalent to
t.he current epoxy resin based PWBs. Additionally, the glass fibers
currently used could be replaced with bio-mass fibers, such as cellul ose,
jute, kenaf, rame, flax, etc. | ssues such as fiber wettability by the

resins, dlnensional stablllty |n dry and wet
1/7
AFZALL et.al
DPM Y03995-20C
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FIG. 3
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environnments, non-flanmmability, and mechanical properties of the conposite
as required to neet” the service needs of the PWB are factors in
determning the optim zed resin and fiber conbination. According to the
present invention, biobased polynmers having al cohol group, in particular
phenol groups and aliphatic al cohol groups; and unsaturated carbon-carbon
bonds are gross-linked through cross-Ilinking agents. Pref erred bi obased
materials are lignin, crop oils, wood rf## ns, tannin, polysaccharide
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.resins, tannin and conbi nati ons thereof. The nost preferred bi obased
polymer is lignin and lignin in conbination with crop oils, wood resins;

tanni ns, and pol ysacchari des. According to the present invention, these
. bi o-based pol yners. are cross-linked through polyfunctional cross-Iinking
agents. A pol yfunctional cross-Iinki agent has at least two sites which
chemically interact with a reactive Site on the bio-based material.
Preferred cross-Iinking agi/s-apBMpbDEHE i 3ok MefRixi es and ami no

cross-1linkers. Aﬁan Cross-
OC%z-~NH~CO —~NH-CH2 nzAH ~CO-NH-CHo0H

MELAMINE—-FORMALDEHYDZ POLYMERS

CH30CH? CH20CH3
\\\\ ////
N
{
////C\\\\
N N
e 1]
CH30CHz2 l | CH20CH3
::::N-~C d—-N<:::
CH30CH Ny CH2 OCH3

BENZOGUANAMINE —FORMALDEHYDE POLYMéRS
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11 linkers are noblecules with a nitrogen atomwith at |east one al dehyde
group bonded thereto. Figure 3 shows an exanple of such a nitrogen atom
wherein Qis the nolecule, Z is H or an al dehyde group, wherein R err] and
Rlerr] are preferably H or an aliphatic group. Figure 4 shows an al dehyde
group wherein Rlerr] and Rlerr] are preferably H or an allphatlc

477
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gf oup. | nvesti gati ons of biobased materials for use in the manufacture
of an environnmentally conscious, or "green" PC (printed circuit) board
have produced a | am nating resin using biobased or biodegradabl e
materials, such as lignin (a by-product of paper manufacture), blended
with certain commercially avail abl e epoxies. This resin has physical
properties (such as glass transition tenperature, coefficient of thernal
expansion, thermal stability, and dielectric constant) that are simlar to
epoxy based boards known as FR4. Prepreg and |am nates have been produced
in the lab with a fornulation that is >4g%§ preferably

64 < ‘/
o //

ThlsSheetHasBeenRe | FIG. 9

T




>50% bi obased. Alternate resin formulations (using higher functionality
cross-linking agents, such as epoxies) have exhibited sone properties that

are superior to FR4 grade - which are suitable for advanced grade

| am nating resins. In addition to neeting these needs, the bio-based
materials can also be designed to be easily inplenented in the current PWB
manuf acturing facilities. This will mnimze additional tooling driven
capi tal expenses and enabl e rapid comrercialization production of these
new PWBs. 6/6
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42 If these conposites, according to the present invention, are stripped of

electrical conponents, ground up and subjected to m crobi aI
bacteri ol ogi cal and fungal attack conditions found in a | andfill or sewage

treatment far ms, bi ol ogi cal reclamati on may

717

TRANSETHERIFICATION CROSSLINKER REACTIONS

Q~NCHp OR34 HO — V ——=— ~NCHyN~ + R3COH
= HALKYL  V = VEHICLE RESIN

. FIG. 12

ESTERIFICATION CROSSLINKER FORMATION

0 9
Q~N CH20R3+ HOO V——Q~N - CHz — oc —V

FIG 13
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eventual |y take place. The option to separ
PWB waste before sending it to the | andf
economcally warranted for reclamation.

materials may be anenable to conposting,

recycling and elimnating incineration en
conposting is not an option and incinerat
benefit can still be realized.
neutral in ternms of green house
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Materials and Structures Fabricated Therewitf},
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_____, entitled Methods of Fébncatmg Cross-Linked Biobased

filed on the same day herewith to Afzali

et al, the teaching of which is ircorporated herein by reference. :

The present invention is directed to struclures fabricated with cross-linked biobased

materials, in particular printed wiring boards.
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conpared to 30-90 mllion BTU Ton for nost plastics production. Therefore,
dependence on finite fossil fuel resources, increasingly supplied from

_politically volatile foreign sources, is also |essened. Most
i mportantly, the use of bio-based matrials will lead to direct cost
benefits as well. Renewable materials, such as lignin, cellul ose and

pol ysaccharides, in unnodified form are in abundant supply. Cost effective
strategi es of chem cal nodification or blending wth | ow cost

non-renewabl e polyners to obtain the same properties for a bio-based PWB
conposite, should offer |ower cost and npre conpetitive pricing of US nmade

, FR4 gr %ackoround

With the pervasive use of computers and work staticns for personal and business
applications, as well as the increasing isvel of inizlligence being built into consumer
appliances and automobiles, the volums of printed wiring boards, (PWBs) fabr_i_c'aited and
assembled i.nto such systems is likely 10 increase at a rapid rate for the foreseeable
future. This trend, compounded by the short time span between successive generations
- of techno(ogtcal advances in these prod..;cts and the associated obsolescence of older
" produicts, 'leads to a potentxaﬂy sngmfzcc-.nt problem of dlsposmg of the PWBs in these
products. The problem stems from the type of materials used in the manufactunng of the
PWB composites. Traditionally, the PWBs are made of layers of thin sheets ;of

thermosetting epoxy resins which are applied on o a woven fabric or a random dispersion

1

of high modulus organic (earbon or aramid) or inorganic (glass) fibers. These laminates
can be drilled, metaliized and patterned to create vias and interconnection :wiring.
The individual layers are then laminated together and ngldaf ied, or cured, by thermal
| and/or chemlcai means to achreve the final shape and desured electncal and mechamcal
"charactenstlcs, these composite laminates then becorhe actwe ‘carcuxt boards ‘when
electronic components are atlached to them by lead containing éolders. The amount of
PWBs manufactured in this way Is substantial:-according to a 1989 report prepared by .
the 'Technology Marketing "Research Council {T/MRC) of the IPC (Institute for

Interconnection and Packaging of Elecirical Circuits), PWB manufaciuring activities

worldwide consumed 1655 million squarz #. of rigid izminate. Ths volume for North




PWBs, in addition to providing environnental advantages.
13 Lignin is an aromatic biopolyner that is a by-product of the paper
manuf acturi ng i ndustry,

3

American usage alone was 2B2 miilion square fi. The PW3B3s manufactured in 1888 wiil
pe obsolete eventuaily and will nead 10 be dispesad of as solid wasle. The European
Community has recently mandzied a “fake-back” policy that forces acceptance of any and
ali returned items to the manuiacturer specifically for recycling. Such regulations are likely
to arise worldwide which will further exzcerbzie the iaminaie disposal problem and shift
it to the mar;ufacturing countries such as the U.S. Such PWB composites cannot be
directly disposed in a landfill however, because of the space filing and non-degradable
nature of the:r make up. Therefore PW3s are generully ground up and mcmerated fn'st
to reduce landﬁ,l! volume. "Some manuizctures of PWBs vo[untanly accept trade-ins of
old equipment in exchange for new equipment purchases and incinerate the old PWBs.
Although incineration is a form of recycling in that some energy is recovered, operation
of incinerators 'with the appropriate scrubbers t!o. e:nsure that emissions into the
atlinosphere are free of pollutants is expensive. Further, thé process still generates 30%

by- weight of residual ash which in tumn has to be handled, shipped and disposed of as

' toxic waste ina designated landfill, particularly because it. contains metals {ike lead. The

——

'morganlc ﬂbers“used in PWBs are not toxlc but they are not accessrble to recyclmg inthe .
- composxte form, thus ctmmbutmg to .the ash vo!umem An envnronmenta!iy compa’nb{e- ‘
solution to the problem, we believe, has to begin by focusing on 'seeking out reinforcing
resinous materials, as well as interconnection and assembly materials that are by choice
based on renewable resources, that are non-loxic and yet meet the performance

demands of the electronic applications on hand. Further, it is desirable to seek options

thal, when possible, reduce or efiminzte the use of environmentally unacceptable
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and it has been identified as a prinmary candi date for use in biobased epoxy

formulations. In nature, lignin is an anorphous, polyphenolic materi al
arising froman enzynme-nedi ated dehydrogenative polynerization of three
phenyl propanoi d nononers (Figure 1) - coniferyl(a), sinapyl(b), and

p-coumaryl (c) al cohols. Softwood lignin is conprised principally from
coni feryl alcohol, while hardwood lignin is conprised of both coniferyl and
si napyl al cohol wunits in varying ratios. Gass |lignins may contain al

three types of alcohol units. The biosynthetic process, which consists
essentially of radical coupling reactions, leads to the formation of a

t hree-di nensi onal polyner that |acks thes;regular and ordered repeati ng

ggl ts founghdfiet Bk BRLHE Bho ROLYIR! ScsHE, AP mERlaLOS G AT REQS el s, For

furiher ecological advantages.

It is an object of the present invention to substitute the resins and fibers currently used
with bio-based materials. Bio-based materials are defined as materials derived from
renewable resources by chemical or mechanical means or products derived from

biological sources.

It is another object of the present invention to provide reinforced composites, and
methods of fabrication thereof using biobased renewsble resources for manufacture of
printed wiring boards (PWB) that meet or exceed the thermal, mechanical and electrical

- i

performance requirements of FR-4 (epoxy based) grade laminates.
!

-

it is another object of the present invention to produce PWBs that are comparable in
performance to those current{y used and yet at the end of their service hie be amenable

to waste treatment at !east parlially by bmdegradabmty ) . ST e

It is another object of the present invention to replace the petroleum based epoxies
currently used in the manufacture of printed circuit cards {such as FR-4) with biobased

materials.

T st ¢
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reason, lignin is viewed not as a constitutionally defined conmpound, but as
a conposite of physically and chem cally heterogeneous materials whose
structure may be represented by nodels, such as shown in Figure 2. Such a
nodel should not be regarded as deplctlng t he exact structural formula for
lignin, but as a vehicle for illustrating the tpig@smef- Ecggdes of
the constituent structural elenents and the propp¥H F Y7
believed to occur in lignin. The structural eleng
| i nked by carbon-carbon and ether bonds. Units t M ' unctlonally

| inked to adjacent units represent branching sites that give rise to the
network structure characteristic of [|ignin.

SUMMARY OF THE INVENTION

A broad aspect of the present invention is a struciure which is a composition of a cross-

finked bicbased maierial and elecirical conductors.

In a more particular aspect of the present invention, the structure is a printed wiring

board.

In a moré partié_ular aspect of the present invention, the biobased polyfﬁers selected from
the group of lignin, crop oils, wood resins, tannins, polysaccharide resins and

combinations thereof. !

WA [ s




During paper pulping, lignin is separated fromthe cellul ose and ot her
pol ysaccharides in plant tissues. Paper pul ping processes utilize
sol volysis of the ether |inkages to degrade

6
BRIEF DESCRIPTION OF THE DRAWINGS

Further objects, features, and advantages of the present invention will become apparent
from a consideration of the fqllowing detailed description of the invention when_rééd in

conjunction with the drawing and FIGs, in which:

Fig. 1 is @ monomer from which lignin is formed.

Fig. 2 is an example of a fignin polymer.

, Fig. 3 schematically shows an amino-aldeh:yde cross-linking agent according to the

present invention. '
1

i

Fig.'4 shows an aldshyde group:for Z of Fig. 3.
. Fig. 8 shows §peciﬁc__examp{eg of.the af_nino-atdehydes 61‘ Fig. 3. - -,
Fig. 6 schematically shows a process to form a prepeg.

Fig. 7 schematically shows a process to form a laminate from a prepeg.

Fig. 8-9 show a PWB formed by a substractire etch process.




lignin, which |lowers the nol ecul ar wei ght of the pol yner and regenerates
phenolic functional groups. O the functional groups attached to the basic
phenyl propanoi d skel eton, those having the greatest inpact on the
reactivity of lignin include phenolic, hydroxyl, benzylic hydroxyl, and
carbonyl groups. The frequency of these groups, as well as the nol ecul ar
wei ght (MN, MAdistribution, and residual contam nant |levels wll be
dependent on the source of the Iignin and on the pul ping and isol ation
processes. Several nethods have been used to renove lignin, including the
al kal i ne based Kraft / -
Fig. 10-11 show a PWB iformed by an additive crocess.

Fig. 12 shows transetherification amino cross-linksr reactions.

Fig. 13 shows estherification amino cross-linker reactions.

2 4 JAN 997




process, the solvent based Organosolv process, and the Steam Expl osion
process which 1is followed by either alkaline or solvent recovery of the
. degraded |ignin. Lignin isolated by Kraft, O ganosolv, and Steam
Expl osi on processes are useful to practice the present invention.
El emental analysis of commercially available sanples of Kraft lignin from
Westvaco, Charleston Heights, S.C indicate that they contain 0.93%
sodi um 0. 14% pot assi um 3. 2% ash, and 1.9% sul fur (probably primarily

bonded to the aromatic rings). The |l evel of ionics in<this sanple is
undesirable for electronic applications. W have reduced these |evels
t hr ough aci di ¢/ agueous washes and 3 .

DETAILED DESCRIPTION

The currently used fossil fuel derived epoxy resins. would be replaced with résins derived
from biobased renewable resources. Biobased malerials are defined as polymers, or
precursors, derived from renewable or biological sources by chemical or mechanical
means. Thése materials include non-modified and chemically modified lignin (a
component of wood aﬁd a by-product of paper manufacture), crop oils, wood resins,
tannins, and polysaccharide resins that iﬁciude, but are not limited to, cellulose and -
(commercially- a_ivaiiéble) derivatives of cellulose and combinations of these materials.
Que to the a.bundance, lower cost, and reduced energy"requireménts for producing these
5iobased materials, there should be potential cost advantages‘in the long term. i{ is

-

H - i
desirable that these materials meet or exceed current PWB requirements for performance
H

and reliability as shown below: -

- Table 1: Propetﬁeé of FR-4. Eppxylélass:Laminatés
Maximym Continuous Operating Témperature: J130°C -7 - . -
Goefficient of Thermal Exparision (CTE):

_ lengthwise: 100 ppm

crosswise: 150 ppm
Water Absorption (24 hr immersion RT); 0.5%
Flammability Rating (UL Class) 94V-O

REPLAEAENT ST
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extraction wth water. Repeated washing of Kraft |ignin has produced
sanples with sodium and potassium | evels of around 200 ppm as well as
noderately reducing ash and sulfur levels to 1.3% and 1.4% respectively.
A sanple of Kraft lignin was extracted for one week in a Soxhl et
extractor, after which the extracted lignin and extraction residue were
anal yzed. The extracted lignin had significantly |ower |evels of sodium (50
ppm, potassium (33 ppm and a sonmewhat |ower |evel of sulfur (1.14%,
while the levels of all

9

Flexural Strength (length.jcross.): | 60/50 Kpsi
Copper Pael Strength {10z foilfambient): 8lbs/in
Weight of Base Material {no metai cladding): 5 oz/ft2.
Dielectric Constant (1Mhz ASTM D150}): 46

~ Dissipation Factor (ASTM D150): 0.018-0.02-'
Dielectric Strength (ASTM 149): . 500 volts/mil
Dielectric Breakdown (ASTM D149): 40 volts

_ Thermal Conductivity (base material, no copper): 1.8

The underlying theme of the present invention is to substitute the resins and fibers
'currently used with bio-based materials. We seek to-re‘place the synthetic resin ratrix
! with renewable resinous materials: These materials may be chemically modified :
to introduce reactivity that will enaSle cross-linking and harder;ing, or be co-reacted with
other compounds gbntaining .'t_:ross_—linkat_)_lg_fungionall. groups:._ Some e;xanip}es {by no.
.- . _means comp!ete or final) are lignin fractions from véﬁous sources cor-nbined with a
- naturausf“occuiﬁﬁg "SF“éom”ﬁiemial' epoxy or amino Erdss-!'i'nf.'(er.s':pap-ab!é of co-teactions.
Epoxidized crop'oiis ‘can be added as needgd,_ as reactive diluents or plasticizers.
Materia!'s of choice will be those which can be readily prepared in soluble fiquid or
semi-solid form which is most conducive to encasement around the fiber reinforcements

using the currently available tooling and technology infrastructure for PWB fabrication.

Additional biobased resin materials are modified celluloses or other polysaccharides.

24 JAN 1997
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of these elenents increased in the extraction residue, indicating that
t horough water washing should be sufficient to reduce the | evels of
unwanted ionics to acceptable levels. The weight average MV of the
comrercial Kraft lignin sanples was neasured by gel perneation
chromat ography to be 6,000, with a polydispersity of 4.4 .

h 10
These resins can be used with conventional glass or organic fiber rginforcements to verify
ihat they have periormance levels equivalent to the current epoxy resin baseg PWBs.
Additionally, the glass fibers currently used could be replaced with bio-mass fibers, such

as cellulose, jute, kenaf, ramie, flax, eic.,

Issues such as fiber wettability by the resins, dimensional stability in dry and wet
environments, non-flammability, and mechanical properties of the composite as required
to meet the _se_rvice needs of the PWB are factors in determining the optimized resin and

fiber combination.

According to the present invention, biobased polymers having aicohol group, in particular

phenol groups and aliphatic alcohol groups; and unsaturated carbon-carbon bonds are

gross-linked through cross-linéing -agents.

Preferred biobased materials are lignin, crop oils, wood r_9§ins;-tannin, polysaccﬁaride
resins, tannin and combinations .thereof. The most preferred biobased polymer is lignin

-

~ and lignin in- combination with-crop ‘ofis, Wood Tesins;-tannifis, and polysaccharides.

According to the present invention, these bio-based polymers are cross-linked through
polyfunctional cross-finking agents. A polyfunctional cross-linking agent has at least two
sites which chemically interact with a reactive site on the bio-based material. Preferred

cross-linking agents are polyfuncticnal epoxies and amino cross-lirkers. Amino cross-




Organosolv lignin was acquired from A drich and Repap, Inc., Valley Forge,
PA. The O ganosolv process utilizes organic solvents at high tenperature
. and pressure to solvate the lignin. Organosolv lignin is therefore much

| ower in ionic and sulfur content. The analysis of the O ganosolv sanple
I ndicated | ow | evel s of sodium (83 ppn), potassium (39 ppm, and sul fur
(<0.159% as received. The nol ecular weight of this material was | ower,
with a weight average nol ecul ar wei ght of 2,700 and a pol ydi spersity of

2. 6. A sanpl e of steam expl oded Iignin, obtained from Stake

Technol ogi es, from Norval, Ontario, Canadal; was recovered under al kaline
conditions. The lignin, as received, L

lirkers are molecules with a nitrogen atom with at least one aidehyde group bonded
thereto. Figure 3 shows an example of such a nitrogsn atom wherein Q is the molecule,
Z is H or an aldehyde group, wherein R’ and R? are preferably H or an aliphatic group.

Figure 4 shows an aldehyde group wherein R’ and A® are preferably H or an aliphatic

group.

investigations of biobased materials for use in the manufacture of an environmentally
consclous, or "green” PC gpﬁmeq circuit) board have produced a laminating resin using
b.ioft;éséd or biodegradable materia.ls, such as lign.i-r; (2 by-product of. paper manufacture),
blended with certain commercially a\./ailable epoxigs. This resfn has physical properties

{such as glass transition temperature, coefficient of thermal expansion, thermal stability,

and dielectric constant) that are similar to epoxy bas-ed boards known as FR4. Prepreg

¥

and laminates have been produced in the lab with a formulation that is >40%, preferably

>50%, biobased. Alternate resin formufations (using higher functionality cross-liniéing

- -,

agents, such as epoxies) have exhibited some properties that are superior to FR4 grade - -

- which are suitable for advanced grade. laminating resins. . .. -

in addition {o meeting these needs, the bio-based materials can also be designed to be
easi_fy implemented in the current PWB manufacturing facilities. Thi's will minimize
additional tooling driven capital expenses and enable rapid commercialization production

of these new PWBs.




contained 1.1% sodi um and 0. 7% potassium After repeated washing, these
| evel s were reduced to 300-500. ppm The steam expl oded lignin had the
- hi ghest nol ecul ar weight, wth a weight average MV of 23,000 and a
pol ydi spersity of 11. In addition to elenental analysis, infrared
spectra of Kraft and Organosolv lignin have been taken. These spectra
I ndicate that the Kraft lignin is derived fromsoftwod trees (as expected
for lignin from paper pulp sources), but that the Organosolv ligninis
derived from hardwood trees. Lignin fromsoftwood is conposed al nost
entirely of polyners of -

12
if these composites, according to the present ipvention, are stripped of electrical
components, ground up and subjected to micr<—>bia!. bacteriological and fungal attack
conditions found in a landfill or sewage trezstment farms, biological reclamation may
eventually take place. The option to separatz the metallic content of the PWB waste
before sending it o the landfill can be employsed if economically warranfed for
reclamation. I-t is anticipated that these materials may be amenable to composting,
thereby achieving biological recyclfing and efiminating incineration entirely. Even if landfill
or c_omp_ostjpgis not an‘o_ption and iné:i_neration is pursued, an environmental benefit can
still be realized. The bumihg o; renewable resources is ne'utral interms. ;Jf green house
gas production since CO, from these resources is eventually recycled into the
eﬁvironment anyway. Energy is conserved directly because of the low energy
requirements for the processing of wood based prodt;ct:s, typically 5-10 million BTU/Ton
compared io 30-80 million BTU/Ton for most plastics production. . Therefore, dependence

on finite fossil fuel resources, increasingly supplied from politically volatile foreign sources,

is also lessened,

' Mﬁst importantly, the-use of bio-based matérials \.tvil!'bad to direct cost ﬁén;ﬁi?a's welk
Renewable materials, such as lignin, cellulose and polyséccharides, in unmodified form
are in abundant supply. Cost effective strategies of chemical modification or blending
with -i'ow cost non-renewable polymers to obtain the same properties for a bio-based PWB
composite, should offer lower cost and more competitive pricing of US made , FR-4 grade

PWBs, in addition to providing environmental sdvantages.
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16 coniferyl alcohol, while hardwood lignin has a m xture of coniferyl and
si napyl al cohol nmononer residues. Further analysis and fornulation with
these materials will allow determnation as to which lignin is optimnal

for our applications.

13

Lignin is an aromatic biopolymer that is a by-proouct of the paper menufacturing industry,
and it has been identified as a primary cangidate foruse in biobased-epoxy formulations.
In nature, lignin is an amorphous, polyphenolic material arising from an enzyme-mediated
dehydrogenative polymerization of three phenyipropanoid monomers (Figure 1) -
coniferyl(a), _sinapyi(b), and p-coumaryl(c) alcohols. Softwood lignin is eorﬁprised
principally from coniferyl alcohol, while hardwood lignin is comprised of both conifery! and

sinapy! alcohol units in varying ratios. Grass lignins may contain all three types of alcohol

units. The bxosynthehc prccess which conStsts essentially of radical coupimg reactaons

RIS R—
- -

" leads to tfie formation of a three-dimensional .poiymer that lacks the regular and ordered
repeating units found in other natural polymers such as cellulose and proteins. For this
reason, lignin is viewed not as a constitutionally defined compound, but as a composite
of physically and che.m.icauy heterogeneous materiels whose structure may be
represe!nted by rn_odets, such as_shown in Figure 2. Such a model should not be
regarded as depicting the exact structural formuta for fignin, but as a vehicle for iliustrating

the types of linkage modes of the consmuem struciura! elements and.the propomons in

whsch they are believed to occur in hgmn The structural elements comprisiog fignin are

linked by carbon-carbsfi-and ether bonds.- tits that are tnfunctionaﬂy finked 16 adjacent -

units represent branching sites that give rise to the network structure characteristic of

lignin.

During paper pulping, lignin is separated from the cellulose and other polysaccharides in

plant tissues. Paper pulping processes ulilize solvolysis of the ether linkages to degrade

REPLACEMENT SHEET
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Crop oils are a bio-renewabl e source of nono- and nul tiunsaturated
(primarily straight chain, Cl6 - C22) fatty acids. The crop oils of
primary interest for this application are t hose containing high |evels of
mul tiunsaturated fatty acids which can be easily epoxi di zed. Commercially
avai |l abl e epoxi di zed vegetable oils, such as soybean, |inseed, and tung
oil, serve as both stabilizers and plasticizers in a variety of comerci al
pol yrer formul ati ons. Epoxi dized crop oils may be incorporated as
reactive diluents to adjust the viscosity and flow properties of the
resin fornul ation during casting and | am nation, or as pl asti ci zers.

14
lignin, which fowers the molecular weight of ihe polymer znd regenerates phenolic
functional groups. Of the functional grougs atiached to the basic phenylpropanoid
skeleton, those having the greatest impact on the reaclivity of lignin include phenolic,
hydroxyl, benzylic hydroxyl, and carbonyl groups. The frequency of these groups, as well
as the molecular weight {MW), MW distribution, and residual contaminant levels will be
dependent on the source of the lignin and on the pulping and isolation .process'es.
Several methods have been used to remove lignin, including the alkaline based Kraft -
process, the soivent ba_sed Organ_osplv process, and the Steam E;_cpjgsign procéss which -
is followed by either alkaline or solvent recoveri/ of the degraded lignin.

-

Lignin isolated by Kraff, Organosolv, and Steam Explosion pro?esses are useful to
practice the present'invéntiop. Elemental analysis of ::o;nmerciaily available samples of
Kraft lignin from Westvacé, Charleston Heights, S.C. indicate that they contain 0.93%
sodium, 0.14% potassium, 3.2% ash, and 1.8% sulfur {probably primarily bonded to the
_ar_omati_c_ ringl_'s.). - The level of ionics in this sample is. undesirable _for -electronic
'__appﬁc;aﬁpns.‘ We have reduced these levels through - acidic/aqueous waishes and
- exdraction with water. ~Repeatéd washifg- of Kraft lignin haS produced samples ‘with
sodium and potaésium levels of around 200 ppm, as well as moderately reducing ash and
sulfur tevels to 1.3% and 1.4%, respectively. A sample of Kraft lignin V\;vaé extracted for
one Qeek in a Soxhlet extraétor, after which the extracted lignin and extraction residue

wers analyzed. The extracted fignin had significantly lower levels of sodium (50 ppm),

poiassium (33 ppm) and a somewhat fower level of sulfur {1.14%), whilz the levels of all

REPLACEMENT SHEET
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The phenolic, hydroxyl, and carbonyl functional groups on lignin can be
reacted with epoxy or am no-al dehyde crosslinkers. Am no-al dehyde
- cross-linking conpounds are. defined as nononeric, oligoneric,
or pol ynmeri c resinous substances (either solid or liquid) which are forned
by the reaction of amnes or am des wth al dehydes (usually fornal dehyde).
The comercially avail able materials are am no-al dehydes, urea-
f or mal dehyde, nel am ne-formal dehyde, gl ycouril-fornml dehyde and
benzoguanam ne- fornmal dehyde polynmers (see fig. 4). Am no crosslinkers are
used to formthernoset coatings , usuallp threugh co-reaction (i.e cross

I i nking) wth hydroxyl, carboxyl or
of these elemients increased in the extraction rzsiduse, mdxcatmg that thorough water

washing should be sufficien: to reduce the levels of unwanted ionics to acceptable levels.
The weight average MW of the commercial Krafi fignin samples was measured by gel

permeation chromatography to be 8,000, with a polydispersity of 4.4 .

Organosolv Iignin was' acquired from Aldrich and Repap, inc., Valley Forge, PA. The
Organosolv 'process utilizes organic solvents at high temperature and pressure to solvaté
the lignin. Organosolv lignin is therefore much lower in mmc and sulfur content. The
analys;s of the Organosolv sample mcr cated ‘Tow love!s of. sodlum (83 .ppm), potassnum
(39 ppm), and sulfur (<0.15%)} as received. The moldcular weight of this material was

lower, with a weight average molecular weight of 2,700 and a polydispersity of 2.6.

] ..
i
i

A sample of steam exploded lignin, obtained from Stake Technologies, from Norvaf
Ontano, -Canada, was recovered under a!kalme conditions. The lignin, as received,
contamed 1 1% sodnum and 0.7% potassnum After repeated washxng, these Ievels were

reduced to 300—500 ppm. The steam exploded llgnm had the hlghest molesuiar wexght

T -wnh a wenght average MW of 2‘3 000 and & pdlydzspersxty ‘of 1. s

In addition to elemental analysis, infrared spectra of Kraft and Orgariosolv lignin have
been taken. These spectra indicate that the Kraft lignin is derived from softwood trees
(as expected for fignin from paper pulp sources), but that the Organosolv lignin is derived

from hardwood trees. Lignin from softwood is corhpesed almost entirely of polymers of

REPLACEMENT SHEET
24 JAN 197




am no/ am de functional nol ecul es. and/or through self condensation (see
fig. 12). 17
Transehyerification of the cross-linking agent with the hydroxyl group on
t he bi obased

- 16 -

coniferyl alcohol, while hardwood fignin has a mixture of coniferyl and sinapyl alcohot
monomer residues. Further znalysis and formulation with these materials will allow

determination as to which lignin is optimal for our applications.

Crop oils are a bio-renewable source of mono- and multiunsaturated {primarilty straight
chain, C16 - C22) fatty acids. The crop oils of primary interest for this application a're
those containing high levels of multiunsaturated fatty acids whicﬁ can be easily
epoxidized, Commercially available epoxidized vegetable oils, such as soybean, linseed, = -
and tung oil, serve as both stabilizers and plasticizers in a variety of commercial polymer
formuiations. Epoxidized crop oils may be incorpo;atea as reactive diluents to adjust the

viscosily and flow properties of the resin formulation during casting and lamination, or as

i . H
1 3

plasticizers.
i
. The phgnplic, ._-hydroxy!, and carbonyl functional groups on lignin can be reacted with
- . _€poxy or ggfi:};o:faideh:xdei crdsslinkers. Amino-aidehyde_ cross-linking compounds are. -
. defined as menomeric, oligomeric, or polymeric résinous substances (either $6lid or liquidy™
— — -which are “formed by the reaction ‘of -amines or arhides"'Witﬁ aldghydes. {usually
formaldehyde). The commerpially available materials -are amino-aldehydes, urea-
fc.)rm,a,ldehyde, melamine-formaldehyde, glycouril-formaldehyde and seﬁzoguanamine-
formaldehyde polymers (see fig. 4). Amino crosslinkers are used to.form thermoset

coatings , usually through co-reaction (i.e cross finking) with hydroxyl, carboxyl or

amino/amide functional molecules. andlor through sslf condensation (see fig. 12).
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pol ymer, such as an al cohol group, for exanple, a phenolic group is shown
in Fig. 12. wherein Vis the biobased polyner and Qis the am noal dehyde
and R3 is Hand alkyl. Fig. 13 shows esterification of a cross-I|inker
formati on, wherein a carboxylic acid, wherein V, Qand R3 are the sanme as
on Fig. 12. The lignin nolecule is capable of reacting wwth any am no
cross-linker to forma |am nating resin. The thernmal and el ectri cal
properties of a nmaterial are inportant to its applicability in- circuit
board technol ogy. W& have fornulated lignin with diglycidyl ether of

bi sphenol A (DCGEBA) and benzyl di met hyl ami ne (BDVMA) as the initiator. The
thermal properties of 17

Transehyerification of the cross-linking agent with tha hydroxyl g_roup on the biobased
polymer, such as an alcohol group, for example, a pnenolic group is shown in Fig. 12,
wherein V is the biobased polymer and Q is the aminoaldehyde and R®is H and alkyl.
Fig. 13 shows esterification of a cross-linker formation, wherein a carboxylic acid, wherein
V, Q and R, are the same as on Fig. 12. The lignin molecule is capable of reacting with

any amino cross-linker to form a laminating resin.

The thermal a;jd el.ec:trical propérties of a material are important to its applicability in -
g:ircuit board technolcé;y. We have formulated lignin with diglycidy! ether of bisphenof A
(DGEBA) and benzyldimethylamine (BDMA) as the initiator. The thermal properues of
these formulations varied with composition, so a study of composition vs glass transmon
ter’nperature (Tg), coefficient of thermal expansion (CTE), and thermal degradatlon was '
: perforrnec;. Both Kraft and Organgsolv lignins were included in this study. Compositions
with lignin and DGEBA with lignin mncentr;ﬁons varying from 20-80% of the total solids
content were mc{uded The results of the Tg evaluatmns mdlcated that the hlg_hest g!ass
tran’sxtmm could be obtaxned thh resins formulated Wlth fignin concentrauons of betweéen
" 50:80%. - The g!ass transition femperaiure decrea;ed for formulations both above and
below this range. The highest Tg observed was 147°C from a formuiation with 56% Kraft
iignin,_ 44% DGEBA, and 0:4% BDMA. For comparison, a sample of FR-4 resin exhibited
a Tg' of 135°C. In general, Tg was slightly lower for the formulations with Organos;)tv

lignin.




these formul ations varied with conposition, so a study of conposition vs
glass transition tenperature (Tg), coefficient of thermal expansion (CTE),
and thermal degradation was perfornmed. Both Kraft and Organosolv |ignins
were included in this study. Conpositions wth lignin and DGEBA with
lignin concentrations varying from20-80% of the total solids content were
I ncl uded. The results of the Tg eval uations indicated that the hi ghest
glass transitions could be obtained with resins fornulated with lignin
concentrations of between 50-60% The gll&ss transition tenperature

decreased for for I tio botfh abO\{e p -bel owt ange. The hi ghest Tg
observed wh¥® I3[ (fl ﬁ?ao BRI MG Wi Y”HSS%@%‘?A {3 Fﬁnﬁﬁﬁ‘%“r" 49%? to

o !
DGEBA, - and, (y.¢% JF?‘he welg Y 1085 W saiér*?s?sri]é :ForBrles W i I‘t:\"lg"g i OSnOFf( nm/ DG

from 0.5-1.5, but increased rapidly above and below this range. The weight loss within
this range was similar for the various materials fiormulations, averaging around 1% weight
loss at 250°C and about 3% loss at 300 C. This compares favorably with a test sample
of FR-4 which exhibited a weight loss of 1.2% at 250°C and 38% at 300°C.. The
materials/formulation had minimal impact on the CTE, which was 50-70 um/m°C below

Tg (compared to about 65 for FR~4 in the z-direction) and 180-210 um/m°C above Tg

(com;ﬁéred to 250-300 for_ FR-4) for all formulations.

A critical parameter of any potential FR4 replacement is the material's dielectric constant.
i The dielectric constant of resin discs with variou-s ‘composiﬁons were measured.
Formulations using Kraft iignir: and DGEBA with 20-50% lignin had dielectric constants
of 4.14 - 4.05. Resins formulated wi?h_Organoso!v lignin and 5GEBA with 50-86% lignin
hach:!. dielectric constants of abéut 3.7. Dielectric constants. for £ R-4 laminates are between

4 -5,
A variety of catalysts or initiators may be used to cure epoxy systems. The initiators are
preferably tertiary amines, for example benzyidimethylamine (BDMA), tetramethylbutane
diamine (TMBDA), and 2-methy! imidazole (2Mi). Tertiary amines tend to increase the
rate of phenol/epoxy reactions over aliphatic alcchol/epoxy reactions. A variety of natural

products containing amines may zlso function &s caislysts including caieine, guanine,




' a Tg of 135[err]C. In general, Tg was slightly lower for the formulations
with Organosolv [|ignin. The thernmal degradation of these

* fornmul ati ons was eval uated at tenperatures up to

19
and folic acid.

In order to form ‘prepreg’ and laminate cores (from multiple sheets of prepreg) it is
necessary to provide for an intermediate ‘cured’ state- commonly referred to as ‘B’ stage.
During the laminate core formation state, usually the final laminating step - the resin is
advanced frérﬁ the 'B' stage to the completely cured material or 'C' stage. This 2 stage
cufing process is easily accomplished with epoxy or amino crosslinkers combined with
lignin by adjusting the type and amount of cross-linker and the type and amount of
specific catalyst to raise or lower the curing temperatures. The' epoxy and amino
crosslinkers are also soiub!é in typical 'prepreg’ solvents , Such as acetone, alcohols and

other higher ketones.

H .
i

The preferred formutlation that yielded the highest giass transition temperature (56% Kraft

fignin, 44% DGEBA 04% BDMA) was used to form a prepreg on 106 glass cloth using

.ahand treatar tower A preferred_solution that. was 52% solids in a methyl ethyl ketone/ e

_.ethanol -(1/1)__sotvent system 'was -applied 1o thg_ cloth.and- received a.5 min., “150°C

B-sfage bake. This resulted in a3 mil Tick, fféxible‘,"tack; fres prepreg. Infrared spectra
indicate an almost .50% reduction in the height of the epoxy peak, indicating an
acceptable extent of reaction during B—stag.ing. Samples of this prepreg were laminated
in a vacuum lamination preSs both with and without 1 oz. copper cladding. The preferred
lamination conditions were chosen to be similar to those currently used for FR-4; 450-500

psi, 180-185°C, 70 min. cure time under vacuum. These prepreg samplés laminated well




300[err]C. The weight | oss was consistent for sanples with weight ratios of
lignin/DGEBA from0.5-1.5, but increased rapidly above and bel ow this

. range. The weight loss within this range was simlar for the various
materials /formnul ati ons, averagi ng around 1% wei ght |oss at 250[err] C and
about 3%l oss at 300 C. This conpares favorably with a test sanple of FR-4
whi ch exhibited a weight loss of 1.2% at 250[err]C and 38% at 300[err]C
The materials/formulation had m nimal inpact on the CTE, which was 50-70
um nferr]C below Tg (conpared to about 620for FR- 4 in the z-direction) and

180- 210 um err]eC above 'Iv;g (é:orrpa‘r ed to 250-300 for FR-4) for all )
f or mul at i orfgthout excessive flow, producing tough, llexible laminales with good copper adhesion.

A sample of the coppe_r clad prepreg-laminate was patierned (using Riston) and etched
to produced 5 mm pesel strips. Ninety degree peel tests on an Imass Slip/Peel Tester
indicated an average peel strength of 8 ibin, which meets the standard I1PC requirement

for peel strength.

Exposure of the laminate to the copper etching solutions did not appear to have any
adverse effects. Dielectric measurements of the laminate are aiso in progress. The glass

tréﬁsit?on temperature of the unciad laminate was measured at 130-134°C.

The glass transition temperature of a resin affects the dimensional stability of the
\ .-

laminate. In general, the use of higher functionality epoxy resins-will produce increased

cross-linking, higher Tg, improved dimensional stability, and improved moisture

resistancg. DGEBA has a functionality of 2, but many epoxy novolac resins have higher

functionaiity. - Anticipating the need for more advanced applications we have also. -

formulated lémihaﬁhg reéjps with mihure,s of lign_i.n and epoxy novolacs, ,i;lcludin_g Dow's
BEN. 431 (ave. functionality =2.2); 438 (ave.-funct. = 36} and 439 (ave: funcl. = 3.8);
and Ciba Geigy's epoxy cresoi novolacs ECN 1273 (ave..funct. = 4.8), 1260 (ave. funct.
= 5.1) and 1299 (ave. funct. = 5.4) using 55% lignin, 45% epoxy resin, and 0.4% initiator.
The Tg of the pure resins after cure (2 hi/150°C} do show improvement over the

lignin/DGEBA formulations, with Tg's of 153°C, 158°C, 161°C, 173°C, 172°C, and 176°C

respectively.
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A critical paraneter of any potential FR4 replacenent is the material's
dielectric constant. The dielectric constant of resin discs with various
“conpositions were neasured. Fornul ations using Kraft lignin and DGEBA wth
20-50% Il ignin had dielectric .constants of 4.14 - 4.05. Resins formnul at ed
wi th Organosolv lignin and DGEBA with 50-66%I|ignin had dielectric
constants of about 3.7 Dielectric constants for FR-4 | am nates are between
4 - 5. A variety of catalysts or initiators nay be used to cure epoxy
systenms. The initiators are preferably tertiary anmines, for exanple

benzyl di met hyl ami ne (BDMVA), tetranethyl but ane

The properties of the cross-linked biobased material according 1o the present invention,
can be modified by adding additives 'to the material, such as particles, rods, fibers and
cloths. To enhance the thermal conductivity, thermally conductive particles can be addead.
To modify the dielectric constant, dielectric particles can be added. To enhance the
strength patrticles, in particular elongated particles such as fibers, rods, or fabrics, can be

added.

Figures 6 te-11 show a process to fabricate printed circuit boérds according to the present
invention. Fig. 6 shows the formgtion ol a prepeg. ﬁoiler 20 has fabric 22 wound
thereon. The fabric 22 is fed over roller 24 into res;n tank 26 where the fabric is
saturated with resin. The saturated cloth is fed through squeeze rollers 28 and 30 to
remove excess resin. The saturated cloth is fed t;p-a treater tower 32 where it is
exposed o energy, preferably heat or electromagnetic radiation, at a number of stages,
for example, stages 34, 35, 36 and 38 to partially cure (cross-link) the resin impregnated
cloth.to which.a tack free condition (prepeg) is directed -by roller. 40 for rewinging onto

roller 42. The prepeg is unwound from roller42 and cut into sheets 44.

- — - N Y

Referring. to Fig. 7, a number of prepeg sheets 46 are stacked with copper foil 48 and 50
on the outside of the stack. The combined stack is pressed by platens 52 and 54 while
energy, preferably heat or electromagnetic radiation is applied to fully cure or cross-link

ihe resin {o form a laminate.

T —
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di am ne (TMBDA), and 2-nethyl imdazole (2M). Tertiary amnes tend to

I ncrease the rate of phenol/epoxy reactions over aliphatic al cohol/epoxy
reactions. A variety of natural products containing am nes may al so
function as catal ysts including caffeine, guanine,

]

Fig.8 and 9 show a substractire etch process to form 2 PWB. Fig. 8 shows laminate 60

which has a through-hole 62 drilled from suriace 64 ¢ 66. The iaminate surfaces 64 and

66 and through-hole sidewall 88 are coated with a thin metal by conventional seading and
electroless or electrolytic plating. A patternable rasist 67, preferably a photores:st is
disposed on the metal layer which is substractively etched to produce electrically
conductive paﬁern 70 on surface 64, 72 on through-tole sidewall 68, and 71 on surface
66 to form PWB 85. Metal 72 on through-hole sidewall 68 e!e-ctricaﬂy interconnects

patterns 70 and 71.

Figs. 10 and 11 show an additive etch process for forming a PWB. Reference numbers

common between Fig. 8 -11 represent the same thing. Patterned resist 74 and 76 are
- N - f

disposed on surface 64 and 66, respectively, of laminate 60 with through-hole 62 formed
therein. Metal, preferably copper, is electrolitically or electrolessly plated onto those parts
of surface 64 and 66 exposed through the resist pattern to form electricaliy conducting

pattems 80 and 82 on surfaces 64 and 66 respectlvely The metal 86 on through-hole

s;dewail 68 eiectnca!iy mterconnects patterns 80 and 82 to form PWB, 85

_.-___ C e - — : - -

The PWB 86 and 75 can be stacked to form a multilayer PWB. An electronic device such

as silicon chip can be mounted in electrical connection with the PWB 86 and 65.

While the present invention has bsen described with respect :0 preferred embodiments,
numerous modifications, changes, and improvements wi: occur 10 those skilled in the art

without departing from the spirit and scope ¢’ the invenion.




19 and folic acid. In order to form' prepreg’ and | am nate cores (from

mul tiple sheets of prepreg) it is necessary to provide for an internedi ate
‘cured__state- commonly referred to as "B stage. During the |am nate core
formati—mr#y—fhe final lam nating step - the resin is advanced

fromt hjmml conpletely cured material or 'C stage. This 2
st age m #m,” feam l'y acconplished with epoxy or am no

crosslinKer§ cbmb¥ ned W lignin by adjusting thg %%0 m of
cross-linker and the type and anount of 23pecific g %%% 9%35 or
| ower the curing tenperatures. The epgfxw@d amn

1. A strucilure comprising:

a material comprising a cross-linked biobased polymer;
said material containing an electrical conductor.

2. A structure according to claim 1, wherein

sand material is a shest havmg a first s;de and a second side,
" saidelectrical conductor af a Iocatlon of said stritture, sasd
location being selected from the group consisting of said first
side, said second side, within said sheet and between said

first side and said second side. '

. ' .- i
3. A structure a;ccording to claim 1, wherein said biobased polymer is selected from
the group consisting of lignin, crop oils, wood resins, polysaccharide rlesins, fannins

| and combinations thereot.

4, A structure according te-glaim 1, wherein said biobased polymer-is cross-linked
through a cross-lmkmg agent selected !rom the group consisting of epoxies and
ammoaldehydes — - - - -

5. A structure according to claim 1, wherein said biobased polymer is selected from

the group consisting of modified and non-modified forms of said biobased polymer.

6. A structure according to claim 4, whersin said cross-linking agent is an amino
formalidehyde.
7. A structure according to cizim 1, wherzin said cross-linked biobased polymer is

TN 24 |




crosslinkers are also soluble in typical 'prepreg’ solvents, such as

acet one,__al cohols and other higher ketones. The ferred formul ation
t hat vyi el dem glass transition tenperatuf g in,
44% s used to forma prepreg onjl106 i ng
a han O!mapreferred solution that was Y _ t hyl
et hyl Ket onef‘ ét h&n 1/1) solvent systemwas applied to the ¢I'o and

received a 5 mn. 1500 B-stage bake. This resulted in a 3 m| thick,

flexible, tack

reduction in the hei

10.

11.

12.

13.

14.

15.

16.

T ——— L

This Sheet

LT i

free prepreg Infrared spel¥ra indicate an al nost 50%
t he. epox eak, i-ndicating an .
ignin in gombmatson with g may ergi seiécted from the gl%up consisting of crop oils,

wood resins, polysaccharide resins, tannin and combinations thereoi.

A structure according to claim 1, wherein said siructure comprises a plurality of

said sheets laminated together to form a laminate.

A structure according to claim 1, wherein said biobased cross-finked polymer is

greater that 40% by weight of a material containing said cross-linked polymer.

A structure according to cla:m 1, wherein said sheet compnses said cross-linked

- emies

biobased polymer and further includes additives. ' -
A structure according to claim 4, wherein said aminoaldehyde is sélected from the
group consisting of urea-formaldehydes, glycouril-formaldehydes, melamine-
formaldehydes, benzoguanamine-formaldshyde. -

i

A structure according to claim 9, wherein said additives are particles.

A structure according to claim 12, wherein said additives are particles selected
from the group consisting of electrically.conductive-particles, thermally conductive
particles and dielectric particles. i : R '

A structure -according to claim 11, wherein said particles are hollow.

A structure according to claim 11, wherein said particles are elongated.

A structure according to claim 13, wherein said elongated particles are rods.

A structure according to claim 10, wherein said additives are a fabric which is

impregnated by said cross-linked biobased polymar. -

—_—
——




acceptabl e extent of—+ea
wer e | am nat ed

in a Iamnatlon press both el 0
copper cI a L\ é | am nation conditi c:~ Rje=£ TSem=ho. be
simlar *used for FR-4; 450-500 fpsi, g *" : , 70

m n. cure tlhe ‘hnofer vacuum These prepreg sanples

ction during B-staging. Sanples of this prepreg
o 1 oz.

25
18. A structure according to claim 1, wherein sai¢ structure is a printed circuit board.
18. A structure according to claim 2, wherein said structure comprises a plurality of
said sheets laminated together.
20. A structure according to claim 17, wherein there are a plurality of electrically
conductive layer between said laminated sheets. :
21. A structure according to claim 20, further including an electrical conductor pattern
on said first side and said second side of each of said laminated sheets, and an
- electrically conductive path extending from said first. side to~said. second side of -
each of said faminated sheets electrically connecting said electrically conductive
patfems on said first and said second sides-of each of said laminated sheets.
22. A structure .according to claim 21, further including an electronic device disposed
: t . .
in electrical connection with said electrical conductive’ pattern.
H
23. A structure according to claim 10, wherein said additives are reinforcements.
24.  Astructure accordmg 1o ciaxm 10, wherem said additive is selected from the group ..
consastmg of ararmd carbon ﬁberglass, cellulose, jute, kenaf ramie and flax.
25. A structure comprising:
a plurality of laminated sheets;
a patterned electrically conductive layer disposed between
each of said laminaisd shests;
elecirically conductive paths cisposed within each of said
T REPLACEMENT SHEET
is Sheet Has Been Re laced ‘
TR 24 AN




20 wi.t hout excessive flow, producing tough,

copper -adhesi on—A-sanpte of the copper clad prepreg | am nate was

patterned (usi and etched to produced
degr ee m&’ m‘ mass Slip/Peel Tester i
strengt h neets the standard IP

st rengt h.

r equiREPLRERD

Exposure of the lam nate to the copper erchrng—sed "fl

flexible |lam nates with good

Ni nety

not appear to have any adverse effects. Dielectric measurenents of the
| ami nate are also in progress. The gl ass26

26.

laminated sheets to electricaliy intercornect said pattern of

electrically conductive layer,

said sheets comprise a cross-linked biobased material
selected from the group consisting of lignin, crop oils, wood
resins, polysaccharide resins, tannin and combinations
thereof. |

A structure comprising:

" a plirdity of laffinatéd sheets;

a patterned electrically conductive layer' disposed between
each of said laminated sheets;'

i
electrically conductive paths disposed within each of said
lamfn_ated sheets to-electrically interconnect said pattern of

electrically conductive fayer;

said sheets . compiise--a cross-linked biobased .material
- selected from the group consisting of lignin, ¢rop pils,.wood
resins, : polysaccharide _ fesins; tannin and combinations

thereof.

'“fﬁiﬁ‘ﬁﬁtﬁm lﬁiu



tgansition tenperature of the unclad | am nate was neasured at
130-134[.err]C. = The glass transition tenperature-of a resin affects the
di rensional stability of the lamnate. In general, the use of higher
functionality epoxy resins wll produce increased cross-Iinking, higher
Tg, inproved di nensional stability, and inproved noisture resistance.
DGEBA has a functionality of 2, but many epoxy novol ac resins have higher
functionality. Anticipating the need figf7 mor e advanced applications we
have al so formul ated | am nating reskD&LIn éthalm xt ures of I'ignin and epoxy
novol acs, including Dows D.E. ijﬂlm Pogactionality =2.2); 438 (ave.
funct. = 3.6) and 439 (ave: funct. =

FIG. 1
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and Ci ba Geigy's epexy cresol novol acs ECN 1273 (ave. funct. = 4.8), 1280
(ave. funct. = 5.1) and 1299 (ave. funct. = 5.4) using 55%Ilignin, 45%
epoxy resin, and 0.4% initiator. The Tg of the pure resins after cure (2
ht/ 150[ err] C) do show i nprovenent over the |ignin/DGEBA fornulations, with
Tg's of 153[err]C, 158[err]C, 161[err]C 173[err]C, 172[err]C, and

176[err] C respectively.
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The properti
“present inve
such as part

conductivity,

‘dielectric c
strength par
or fabrics,

es of the cross-linked biobased material accordi
ntion, can be nodified by adding additives to t
icles, rods, fibers and cloths. To enhance the
t herqral | y conductive particles can be added.

ng to the

he materi al ,

t her mal

To nodi fy the

onstant, dielectric partisghes can be added. To enhance the
ticles, in particyl | on I such as fibers, rods,
can be addgd. bIRCtJA-—a?FOSMAI Eﬁ’nga'{(gLﬁ‘ ES
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MELAMINE —FORMALDEHYDE POLYMERS
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Figures 6 to 11 show a process to fabricate printed circuit boards
according to the present invention. Fig. .6 shows the formation of a
prepeg. Roller 20 has fabric 22 wound thereon. The fabric 22 is fed over
roller 24 into resin tank 26 where the fabric is saturated with resin. The
saturated cloth is fed through squeeze rollers 28 and 30 to renobve excess
resin. The saturated cloth is fed up a trddfer tower 32 where it is

exposed to energy, preferably heat -or electronagne;%g radi ation, at a
nunber of stages, for exanple, stages 34, 35, 38 to partially cure
(cross-link) the resin inpregnated cloth Ich a tack-free condition
(prepeg) is directed by roller 40 for | OnEﬁB

A
35
38
34




raller 42. The prepeg is unwound fromroller 42 and cut into sheets 44.
Referring to Fig. 7. a nunber of prepeg sheets 46 are stacked wi th copper
foil 48 and 50 on the outside of the stack. The conbi ned stack is pressed
by platens 52 and 54 while energy, preferably heat or el ectronmagnetic
radiation is applied to fully cure or cross-link the resin to forma

| am nat e. ‘

) 5/7

70

64 < '/

72 7 EE




Fi,g. 8 and 9 show a substractire etch process to forma PWB Fig. 8 shows

| am nate 60 which has a through-hole 62 drifted fromsurface 64 to 66. The
| am nate surfaces 64 and 66 and through-hole sidewall 68 are coated with a
thin metal by conventional seading and electroless or electrolytic
plating. A patternable resist 67, preferably a photoresist, is disposed on
the netal |ayer which is substractively/gtched to produce electrically
conductive pattern 70 on surface 64, 7fson t hrough- hol e sidewal |l 68, and 71
on surface

S —

A\l 77 2T 77T 777 60

64 N . \\/

66 74
VL7
62 Bl
FIG. 10 .
- 80
60
= ~ %
\
66 ] 36
68 gy 72

FIG. 11 [ REPLACEMENT Sims;
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66 to form PM\B 65. Metal 72 on through-hole sidewall 68 electrically

‘i nterconnects patterns 70 and 71. Figs. 10 and 11 show an additive etch
process for formng a PWB. Reference nunbers comobn between Fig. 8 -11
.sepresent the sane thing. Patterned resist 74 and 76 are disposed on
surface 64 and 66, respectively, of lamnate 60 with through-hole 62 forned
therein. Metal, preferably copper, is electrolitically or electrol essly

pl ated onto those parts of surface 64 and 66 exposed through the resist
pattern to formelectrically conductiﬁ67 patterns 80 and 82 on surfaces 64
and 66, respectively. The netal 86 on through-hole -

TRANSETHERIFICATION CROSSLINKER REACTIONS

Q~NCHp OR3+ HO — V —~—=—~NCHyN~ + R3OH
‘R = HALKYL  V = VEHICLE RESIN

FIG.. 12

I3

ESTERIFICATION CROSSLINKER FORMATION

0 0
: I} i
Q~N—CH20R34+ HOO—V ——Q~N — CHy — OC ~— V

FIG. 13
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is Sheet Has Been R

lIIlIIl T | L

The PWB 86 and 75 can be stacked to forma nultilayer. PWB. An el ectronic
device such as silicon chip can be nounged in el dctHil W th
the PWB 86 and 65. Wil e the present |§1vent|on Has bg%ie ?g%’gzvmth
respect to preferred enbodi ments, numerous nodifi ceati-ens, ges

tst Cobodiment of the invention there is provided a structure
comprising: -

a sheet material containing an electrical conductor and comprising a cross-linked
biobased polymer and additives, said additives being a fabric which is impregnated by
said cross-linked biobased polymer.

According to a second embodiment of the invention there is provided a printed
circuit board structure comprising:

a material comprising a cross-linked biobased polymer;

said material containing an electrical conductor.

According to a third embodiment of the invention there is provided a structure
comprising:

a material comprising a cross-linked biobased polymer;

" said material containing an electrical conductor, and

wherein said material is a sheet having a first side and a second side, said electrical
conductor at a location of said structure, said location being selected from the group
consisting of said first side, said second side, within said sheet and between said first
side and said second side, and

" wherein said structure comprises a plurality of electrically conductive layer
between said laminated sheets.

According to a fourth embodiment of the invention there is provided a structure
comprising:

a sheet material containing an electrical conductor and comprising a cross-linked
biobased polymer and additives, said additives being reinforcements.

According to a fifth embodiment of the objection there is provided a structure
comprising: '

a sheet material containing an electrical conductor and comprising a cross-linked
biobased polymer and additives, said additives being selected from the group consisting
of aramid, carbon, fiberglass, cellulose, jute, kenaf, ramie and flax.

- According to a sixth embodiment of the invention there is pro{zided a structure
comprising:

a plurality.of laminated sheets;

a patterned electrically conductive layer disposed between each of said laminated
sheets;

electrically conductive paths disposed within each of said laminated sheets to
electrically  interconnect said pattern of electrically conductive layer;

_ [REPLACEMENT SHEET

sidewal | 68 electrically interconnects patterns 80 and 82 to form P\/\@@éﬂw’g
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| mprovenents will occur to thOSiuﬁhiaH'Mthé hwehtionl Wt hout departl ng from
the spirit and SSoR e of grhe I nv
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CLAIMS 1. A printed circuit board structure conpri sing: a materi al

conprising a cross-Ilinked bi obased pol yner; said material containing
an el ectrical conductor. 2. A structureggonprising: a materi al
conprising a cross-1linked biobased pol yner; said material containing

an el ectri cal s£iangheets Qomy Jﬂﬁﬁlf a crossvﬁt&é&ibiomédinmﬁl isalected fﬁoxﬁhhetgrh@/i ng
a first side.and acsecond side, sald(g*ectrlcal con h &éﬁg on of
ai d ot r uEPRRE, 31 o FEBRa: FOR- Blngvedl detish” RPbARCRUSS qelhug AR kT o
sai d firstombibatiossathdredécond si de, within said sheet and between sald first

According to a seventh embodiment of the invention there is provided a printed
wiring board comprising:

a sheet material containing an electrical conductor and comprising a cross-linked
biobased polymer and additives, said additives being particles selected from the group
consisting of electrically conductive particles, thermally conductive particles and
dielectric particles.

According to an eighth embodiment of the invention there is provided a printed
wiring board comprising:

a sheet material containing an electrical conductor and comprising a cross-linked
biobased polymer and additives, said additives being selected from the group consisting
of particles, rods, fibers and cloths.

According to a ninth embodiment of the invention there is provided a printed
wiring board comprising:

a sheet material containing an electrical conductor and comprising a cross-linked
biobased polymer and additives, said additives being elongated particles selected from '
the group consisting of fibers, rods and fabrics wherein said additives are particles. i

THIS SHEET HAS BEEM
- REPLACGED
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si de and si}ml wherein said structure conprises a
plurality ﬂﬂﬂﬁ uﬁll mma nated together. 3. A structure according to
claim2, whérefn the¥esare a plurality of3electriga T Iayers
bet ween said | am nated sheets. 4. A structure Eﬁgﬁﬂ gggcéﬁgﬁ
further i nTheiclahfs defifingCthe ivRintion e Gk Fllgw: t er n EPst_silde and
sai d second si ﬂe %éﬁi‘?ﬁrﬁl of sai.d | am nated sheets, and an electrically

conductive path e 53??1{}%%%(1 first side to said second side of each
of said | am nat ebket maaderial slontaining ahnl glectrical @ohdugorsaiddcahprdding aadrbss-linked
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an el ect roﬁﬂ‘%cr@éﬁrl@@ddﬁ“@b@%@olmerel ectrical connection vrﬁ‘gp
el ectrical comguct Aygingat &iffuft board structure comprising: ﬂaEMENT SHEET

a material comprising a cross-linked biobased polymer;

said material containing an electrical conductor.

3. A structure comprising:

a material comprising a cross-linked biobased polymer;

said material containing an electrical conductor, and

wherein said material is a sheet having a first side and a second side, said electrical
conductor at a location of said structure, said location being selected from the group
consisting of said first side, said second side, within said sheet and between said first
side and said second side, and

wherein said structure comprises a plurality of electrically conductive layers
between said laminated sheets.

4. A structure according to claim 1, wherein there is a plurality of electrically
conductive layers between said Jaminated sheets.

5. A structure according to claim 4, further including an electrical conductor
pattern on said first side and said second side of each of said laminated sheets, and an
electrically conductive path extending from said first side to said second side of each of
said laminated sheets electrically connecting said electrically conductive patterns on said
first and said second sides of each of said laminated sheets.

6. A structure according to claim S5, further including an electronic device
disposed in electrical connection with said electrical conductive pattern.

7. A structure comprising:

a sheet material containing an electrical conductor and comprising a cross-linked
biobased polymer and additives, said additives being reinforcements.

8. A structure comprising:

" a sheet material containing an electrical conductor and comprising a cross-linked
biobased polymer and additives, said additives being selected from the group consisting
of aramid, carbon, fiberglass, cellulose, jute, kenaf, ramie and flax.

9. A structure comprising:

a plurality of laminated sheets;

a patterned electrically conductive layer disposed between each of said laminated
sheets;
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I ng: a plurality of |amnated sheets;
patte uuwmn%ﬁﬂmmﬁ conductive |ayer disposed between each of said
| am nated¢ * el ectrical l y2gonductive paths disposed wi thin
each of said | am nated sheets to electrically interconnect said pattern

of el ectri cal electrimatiycednductivey paths disposed within each of said laminated sheets to
electrically interconnect said pattern of electrically conductive layer;

said sheets comprising a cross-linked biobased material selected from the group
consisting of lignin, crop oils, wood resins, polysaccharide resins, tannin and
combinations thereof.

10. A printed wiring board comprising: .

a sheet material containing an electrical conductor and comprising a cross-linked
biobased polymer and additives, said additives being particles selected from the group
consisting of electrically conductive particles, thermally conductive particles and
dielectric particles.

11. A printed wiring board comprising:

a sheet material containing an electrical conductor and comprising a cross-linked
biobased polymer and additives, said additives being selected from the group consisting
of particles, rods, fibers and cloths.

12. A printed wiring board comprising:

a sheet material containing an electrical conductor and comprising a cross-linked
biobased polymer and additives, said additives being elongated particles selected from
the group consisting of fibers, rods and fabrics wherein said additives are particles.
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24 sai d sheets conprising a cross-linked biobased material sel ected
fromthe group consisting of lignin, crop oils, wood resins, polysaccharide
resins, tannin and conbinations thereof. 7. A printed wiring board
conpri si ng: a sheet materi al contalnlng an electrical conductor and
conprising a cross-linked biobase@5polymer and additives, said additives
being particles selected fromthe group consisting of electrically
conductive particles, thermally conductive particles and dielectric

parti cl eSTRECTUREDIFABRICATED NYIPRacHoSSARINBEDUBIOBASED BAThREALER eri al
containing an el ectrical conductor and conpfising a cross-linked

ABSTRACT

A structure which is a composition of a cross-linked
biobased material and electrical conductors, in particular
a biobased printed wiring board (86) using the composition
is described. Biobased materials such as lignin (Fig.1),
crop olls, wood resins, tannins, and polysaccharides and
combinations thereof are cross-linked, preferably using
heat, a cross-linking agent (Fig.3), and an initiator.
The materials fabricated have suitable properties for printed
. wiring boards which are made by impregnating a fiberglass or
biobased cloth with an admixture of the biobased material,
cross-linking agent and initiator which is processed by
conventional methods to produce a printed wiring board.

Figure 11.
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According to one aspect of the present invention, there is provided a printed circuit
board structure comprising: a material comprising a cross-linked biobased polymer; said
material containing an electrical conductor.

According to another aspect of the present invention, there is provided a structure
comprising: 2 material comprising a cross-linked biobased polymer; said material
containing an electrical conductor, and wherein said material is a sheet having a first side
and a second side, said electrical conductor at a location of said structure, said location
“ being selected from the group consisting of said first side, said second éidc, within said
sheet and between said first side and said second side, and wherein said structure
compiis& a plurality of said sheets laminated together.

According to still another aspect of the present invention, there is provided a structure
comprising: a plurality of laminated sheets; a patterned electrically conductive layer
disposed between each of said laminated sheets; electrically conductive paths disposed
within each of said laminated sheets to electrically interconmect said pattern of
electrically conductive layer; said sheets comprising a cross-linked biobased material
selected from the group consisting of lignin, crop oils, v?ood resins, polysaccharide
resins, tannin and combinations thereof. |

According to still another aspect of the present invention, there is provided a printed
wiring board comprising: 2 sheet material comaining an electrical conductor and
comprising a cross-linked biobased polymer and additives, said additives being particles
selected from the group consisting of electrically conductive particles, thermally
conductive particles and dielectric particles.

According to still another aspect of the present invention, there is provided a printed
wiring board comprising: a sheet material containing an electrical conductor and
comprising a cross-linked biobased polymer and additives, said additives being selected
from the group consisting of particles, rods, fibers, ami cloths,

Accordmg to still another aspect of the present mventmn, there is provided a printed

wiring board comprising: a sheet material containing an electrical conductor and
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comprising a cross-linked biobased polymer and additives, said additives being clongated

particles selected from the group consisting of fibers, rods and fabrics.

N
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CLAIMS
1. A printed circuit board structure comprising:

a material comprising 2 cross-linked biobased polymer;

said material containing an electrical conductor,
2. A structure comprising:

a material comprising a cross-linked biobased polymer;

said material containing an electrical conductor, and

wherein said material is a sheet having a first side and a second side, said electrical
conductor at a location of said structure, said location being selected from the group
consisting of said first side, said second side, within said sheet and between said first
side and said second"side, and

~ wherein said structure comprises a plurality of said sheets laminated together,

3. A structurc according to claim 2, wherein there are a plurality of electrically
conductive layers between said laminated sheets. |
4. A structure according to claim 3, further including an electrical conductor péttem
on said first side and said second side of each of sajd lamipated sheets, and an
electrically conductive path extending from said first side to said second side of each of
said laminated sheets electrically connecting said electrically cohductive patterns on said
first and said second sides of each of said laminated sheets,
5. A structure according to claim 4, further including an electronic device disposed in
electrical connection with said electrical conductive pattern.
6. A structure comprising:

a plurality of laminated sheets; |

a patterned electrically conductive layer disposed between each of said laminated
sheets; | | h |

electrically conductive paths disposed within each of said laminated sheets to
electrically interconnect said pattern of electrically conductive layer;
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said sheets comprising a cross-linked biobased material selected from the group

consisting of lignin, crop oils, wood resins, polysaccharide resins, tannin and
combinations thereof.

7. A printed wiring board comprising: |

a sheet material containing an éleptrical conductor and comprising a cross-linked
biobased polymer and additives, said additives being partiéles selected from the group
consisting of electrically co;xduc;ive particles, thermally conductive particles and
dielectric particles. )

8. A printed wiring board comprising:

a sheet material containing an electrical conductor and comprising a cross-linked
biobased polymer and additives, said additives being particles selected from the group
consisting of particles , rods, fibers, and cloths.

9. A printed wiring board comprising:

a sheet marerial containing an electrical conductor and comprising a cross-linked
biobased polymer and additives, said additives being clongated particles selected from
the group consisting of fibers, rods and fabrics.



