FOAM | NSULATI ON This application clainms the benefit of U S. 5 Provisiona
Appl i cat wonn2Ne24360/ 255, 538, filed a Decenber 14, 2000: BaRRYUSIAGSAST t he

I nvention In the operation of electrical equipnent, it 10 is usually
desirable to insulate certain of the conponents from which such equi pnent
is made. Insul ation of a conponent is beneficial for the purpose, for
exanpl e, of reducing the energy consu EL%” of the conponent, or
controlling the 15 operating range ofEEhe—conponent Various materials have
been used in the pastHIGH-DENSEHIE ROISCIMIRE|FQEApTEHIATICOMNd exanpl es of
sone of them are pol yurethane foam fluorocarbon polyners, 20 and solid
polyi mi de. Each of these materials exhibits certain |limtations when used
as insul ation, howev8hispgpbplicphane £dadnst sheekanplfet @de¥-fot have high
tenperaty e pesi,$kaBaal a gﬂlhéatméﬁ net wel/bssysted Egredse in a high

t enperature environnent. fl uorocar bon polyners are characterized
by Iom/nechdﬁ?€§Wb6Foﬂért?89 and a high coefficient of |inear thernal
expansi on, and foamed fl uorocarbon polyners have relatively | ow mechani cal
strength. Solid150|¥i§jg§ !gesgi%ﬁnkgg mechani cal strength and 30

t enperat ure usefully | ow dielectric constant.
In JP 2000- 119, 437- AInatpel ppeirdsibvamth@tiesgracdénsiaugpaeny. 03¢ 4 g/cnB is
preparegipy fgd 89249 %E199b¥b”£961H§hﬁh¥eg@§rEh£hegf”EEEOSpheres
produced fromg ass on or other 1norganic substances, or from WO
02/ 82. 13 PCTpgmnmnen¥55fr@@|wbl§h SUREr cGH4RAERLpAFYMBAS: fol | owed by

heating of tfﬁs{méft%ﬁ o@eﬁaéﬁtﬁp@hehﬁelﬁrQéﬁéﬁﬁchalt herf eam however, of
the material fromwhich the nlig ?ere is.mde, the foam has a dlelectrlc

constant t haPUrBOE6e 5OK; §KFB rgguging FhgsPREEVati on for an
el ectrical cespsusptioh BﬁedhéhUSmpbnbhteXDstSOﬁOroalmngethal that is

appropriate for e_as_insul ati far ctrical 10 conponent and t hat
POSSEess an°88€8§%88é68898aP§ ggeogoﬁé§§gh%5|rable properties. It has been
found that high-density non-syntactic polyimde foam when used as
insulation for an el eglliisgal %QEEQBQ@tha@@SBh%ﬁSuBb&hlhe%E%r@%%&?

resi stance and hi gh_nmechani cal streng
to insulate electrical components, and examples of some

; tue3e\ dY(6Td@+WO 02/ 48243 PCT/ USOL/ 47545 TI TLE H GH DENSI TY PCLYI M DE <i?\_

of them are polyurethane foam, fluorocarbon polymers,

20 and solid polyimide. Each of these materials exhibits
certain limitations when used as insulation, however.
Polyurethane foam, for example, does not have high
temperature resistance, and is thus not well suited for
use in a high temperature environment. Solid

25 fluorocarbon polymers are characterized by low
mechanical properties and a high coefficient of linear
thermal expaﬁsion, and foamed fluorocarbon polymers
have relatively low mechanical strength. Solid
polyimide, despite its mechanical strength and

30 temperature resistance, does not have a usefully low

dielectric constant.

In JP 2000-119,437-A, a polyimide foam having
a density of 0.05~0.4 g/cm’ is prepared by adding to a
35 polyimide matrix gas-filled microspheres produced from
glass, carbon or other inorganic substances, or from
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15 and a low dielectric constant. Brief Summary of the Invention In one
aspect, this invention involves an 20 electrical conponent insulated by a
non- syntwaozcspil yi m de foam that has a density of about BCIBS@/HIFME or
nore. I n another aspect, this invention involves a 25 nethod of insulating
an electrical conmponent by providing a non-syntactic polyimde foam havi ng
a density of about 0.15 g/cnB or nore, and applying the polyimde foamto

the el ectrical conponent.as insulatjon. L.n h this

i nvention i nv&PVES Srn8%H85 o9 gﬂﬁ%?ﬁ&y%%gsélégﬁégg%?'g%h%%%%ﬁ%gh of an

el ectrical cofpahenmilryupecvi dBegaasgolofi rhee piresenicayiing theddosin.y of

about 0.15 g 3 , | V. ol yim t:he

- electrical c%%%%ﬁ%%f gg”?ﬁ%u a?%%%%ﬁ-$§%%_h@§F§2%é§g?%%r% _ Sggif%75~s In a
further aspediedeshithei Apam has ienddlelestyigecrss tonte ShEtollSi #¢t he range
of out puts of papnelrget kede bBPRRWAIING 2 iRBNIaY¥ALACIHE Rl yi M de foam 5
havi ng a density of about 0.15 g/cnB or nore, and applying the polyimde
foamto the SLESLricafl CONPOREMT-as insul ation. Detail ed Description of the
I nvention 10 This invention relates to the use of polyimde foamas an
insulating material for el ectrical o] . b i.tahl .. use for
such purpose, a polyi d8%FGa P gggeggqggﬁs;§§ %Tﬁéggﬁgag.%gatlcnﬁ (9.7
| b/ ft3) or ndseap@mdpméatbaieraU@engﬁtﬁnﬁnl§$ipwefpan@@-@ﬂeaﬁéd@88.16 to
about O. gl 3 f . e MWay! for [ ch foam
i's prepéﬁ%d ggn SﬁﬁgFtﬁ%gcﬁgfgbkgkfggkgs-c%hﬁ%9é%5g§%%3€ g%nggcghfﬁﬁear or
het er ocycl i c manyt dgdngoilee DFOPRIEH&SY of IthBagobPeedr fedabdRet and may be
obt ai ned, fof;igrapphes th %hf-lasgmrt%&tiico@,oq i@ der garhG Weldnaeaaos i c
acid, or corresponding anhydriﬁg or es%ﬁr erivative thereof, wﬁﬁg an

al i phatic or 1RFSABEAEN250H] AR K SCHTd Corlg SAMPOREREac ALERAYSc PAdHY i n the
formof its dieapkettiremreetibaagiceotndt high neahahd cedactadngthh a di ami ne
to form poéﬁghidﬁ-acid/ st%r.pr%%%!¥ - whi ch can then be foamed and
cured t ot pr ofiie® F8YIELPAEF EFGIy G G Sam 30 The tetracarboxylic acids
preferably enployed in the practice of the invention, or those from which
‘derivatives useful in the practice of this. invention may be prepared, are

t hose having the general forrmula: - 3
Brief Summary of the Invention

In one aspect, this invention involves an
20 electrical component insulated by a non-syntactic
polyimide foam that has a density of about 0.15 g/cm’

or more.

In another aspect, this invention involves a
25 method of insulating an electrical component by
providing a non-syntactic polyimide foam having a
density of about 0.15 g/cm’ or more, and applying the
polyimide foam to the electrical component as
insulation.

30
In yet another aspect, this invention

involves a method of reducing the electrical

consumption of an electrical component by providing a

polyimide foam having a density of about 0.15 g/cm’ or
35 more, and applying the polyimide foam to the electrical

component as insulation.
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I ncl usive, are each
sel ect edwWir@mse4se group consi sting 5 of hydrogen and | owePCHUESAV47SEnd
preferably nmethyl, ethyl or propyl. The tetraval ent organic group Ais

wherein Ais a tetravalent organic group and Rl to R4,

preferably one having one of the follow ng structures:

X\ VA

~/ A\ / [/ 10 wherein X is one or nore of the followng: O I
-S-, -S02-, -CH2-, -CH2CH2-, or CF3 -C | CF3 Preferred anong the
tetracarboxylic acids and derivatives thereof is 3,3 ,4,4" -benzophenone
tetracarboxylic acid ahd 2t §ucbherspspérhg Fbher iaveytionginvolweg2/ (B2- 43

~r or [ ~/
-C 15 -0,

10

15

20

25

30

a method of controlling the range of output of an
electrode by providing a non-syntactic polyimide foam
having a density of about 0.15 g/cm’ or more, and
applying the polyimide foam to the electrical component
as insulation.

Detailed Description of the Invention
This invention relates to the use of polyimide

foam as an insulating material for electrical
components. To be suitable for use for such purpose,
a polyimide foam will have a density of about 0.15
g/cm® (9.7 1b/ft’) or more, and may have a density in
the range of about 0.16 to about 0.32 g/cm’ (10.3 to
20.7 1lb/ft’).

The polyimide from which such foam is
prepared contains the characteristic -CO-NR-CO- group
as a linear or heterocyclic unit along the main chain
of the polymer backbone, and may be obtained, for
example, from the reaction of an organic
tetracarboxylic acid, or corresponding anhydride or
ester derivative thereof, with an aliphatic or aromatic
diamine. The organic tetracarboxylic acid in the form
of its diester from methanol or ethanol can be reacted
with a diamine to form a polyamide-acid/ester
prepolymer which can then be foamed and cured to
provide the desired polyimide foam.

The tetracarboxylic acids preferably employed
in the practice of the invention, or those from which
derivatives useful in the practice of this invention
may be prepared, are those having the general formula:



PCT/ USO Lt 7s~5 (preferably |l ower dialkyl) esters. A so useful are aromatic

di anhydri des such as pyronellitic dianhydride (PNMDA),

3,3 4, 4" wio plvsmwpl t et r acar boxyl i ¢ di anhydri de (BPDA), and REKUBMIREFSri gi d

aromati c di anhydride. 5 Best results frequently occur when BPDA is used as

the dianhydride conponent. As an organic aromatic diam ne, use is

preferably made of one or nore aromatic and/or 10 heterocyclic di am nes

whi ch are thensel ves known to the art. Such aromatic di am nes can be

represented by the structure: HZN-@&5- N2, wherein R5 is an aromatic group

containing 5 to 16 carbon atong andl cdhtaining up to one hetero atomin the

ring, the hetero atom being 1R 9et€ct d—G%m the group consisting of -N,

. -0 and -S-. Also included herein arg those R5 groups wherein R5 is a

di phenyl ene group or a diphen}fﬁm@@énéCg{nﬂp. Representative of such

di am nes are: 2, 6-di ami nopyridi ne 20 3I5-di am nopyri di ne

3, 3' -di am nodi phenyl sul fone 4,4'-9ia nodi phenyl sul fone

4, 4" -di am nodi phenyl sulfide 3,3'-di am nodi phenyl ether 25

4, 4" -di am nogli pheny! el Beg OBL A2 PALSYE CaRgah PHT §RoBS and@hRN W ene , di ami ne

p, p' -met hyl ene dianiline 2,6-diamno toluene 30 2,4-diam no ol uene. A

typi cal examel@$ive pohyenfdeh pPebas e bir A sttt FHA P nF oSt F 9 pr ocess

WD 021 - 82 3 e T T R e L 0 N
-t 82- .t ' ~ ~ ~ = ~ ~ C. '

where R6 is Grdgt 0T tREAPED- t o%ﬁ%u‘fe%%a%f%nge?]é%ﬁl%a?g%ﬁ%n"?/I le%e di ani ne

("PPD") uni tgrefelrdbly oohessatrimg éndOofivtlee of okl aphenys enectiines ne (" MPD')

units. Polyimde conpositions having 70a PPD and 30% MPD are often

preferred. In addition to other nmethods known in the

Jsosasd

10
wherein X is one or more of the following:
O
1]
—C—,
15 -0-, -S-, "SOz—, —CHz‘-, _CH2CH2—, oxr
o
_(lj_
CF;

Preferred among the tetracarboxylic acids and
derivatives thereof is 3,3’,4,4'-benzophenone
tetracarboxylic acid and its corresponding lower alkyl
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10 art, a polyimde may al so be prepared fromthe reaction of a
pol yi socyanate and a di anhydri de. The process by which a polyimde is
pr epar edwoenz/48243y according to the identity of the nononeRGI/UBUM7IB which
the polyner is nmade up. For exanple, when an aliphatic diamne and a
tetracarboxylic acid are polynerized, the nmononers forma conplex salt at
anbi ent tenperature. Heating of such a reaction m xture at a noderate
t enperature 0 i gl ecu o] oners, and
t hese oIigong%rgggggpégté?%ggzgfélﬁgﬂgrégg info h%%%gwﬁgg?g%u %% WEIght
pol ymer by farvhetikedianyyedrideselsocht e¢ perpuediatdcofliabbytr2de350C.
wnen a di anMy @il | 3,9990435,3 %%Bgﬁﬁégkaéé%ﬂgx9& & dahelhagaeboxyl ic
-acid, a solvent su¢h™as di'met % acefam de or agayro Inone is
typical |y addBBDRY.t hedspavemthas ALOpRaprenarafi Adoahydaidinydri de al so
form ol i gpmepssat raghnest rhegpentliy 8ccuraitlenUbppauest uBeat kBgtak about
150200C drives off 30 _the solvent and yi el ds the correspondi ng polyi m de.
An aromatic Ht& Ngrﬁget§BF?8PFF pol ymerized with a _ 6 WD 02/.182.13
PCT/ USOL/ ~75~5 di anhydride in preference to a tetracarboxylic acid, and in
such a reaction a catahgsgnlgr%r%g%egkbﬁ Ei@dd&Q ?gglthgg ta a sol vent. A
ni trogen-cont ai ni ng base heaar oteric ma al's may be used as
such a 5 catEr?ierabéMg@adﬁepﬁoéﬁeoprhéafﬁngrﬁﬁ?tbé Regdey to pol ynerize an

aronat'Ccﬂ'aHbeerob?c&Ee BeamRhean il ca agbthaﬁgbqbég Rh%WhatB'%BEen0| and
a dinitrobisimde bi sphengxi de salt of the bi sphenol flrs obt ai ned

by treat ment @&t h C§H§Fl€r§@é§lcf@PP@%@&Sanﬁnbfor&?é@?@@ﬁ? BYsthel at i on

to obtain thgtgﬂbqu@us b s plenaki, dgheaklin k@ai$r§ht£mDMQ§ﬂ@G@©dmﬁe sal t
and t he dlnltroblslnl e a% nggut 80130C.in a s§ ven

pol yet heri mi §82 CREMAE; JudondPh5AEOEP BF@B&rFﬂ F8Q P&ﬁgauﬁoﬁ9ln1de are

known i n theoaet hekEeroexraopl én aheorgagbcthethetarbomybmcbacnd in the form

f |.kyl t d th L th |
mmy be. rehot SHERE EROORECHT thl! GRBLE coh i SEHABPLS, -NEP T BE ARBOL S i nee o
form the corhéspoatchydegohpagineazei gheseeR gﬁ@%@?%ﬁ@herﬁh¢c% dén then be

foamed and CHrGQphgngigﬁbd%rbﬁﬁ 6%Sbraépﬁahynﬁbeﬁah@agkoh@ the preparation
of the prepol yner et racarb Oﬁ fi|c aci d derivati ve, usually in the form

of 25 the d|B§P§?seP§aFéX€t€§ ABMYPERI AEPS) at a tenperature bel ow
the reflux tenpedabmifoplrtii@éneeacti on m xture. The prepol ynmer may be

f or med %ﬁ)a hgﬁfgplecular mﬁ%%ht pol yam de-aci d/ ester, which can then be
heat ed t0" co e éa?HEOBXF Fzation reaction. 30 The prepol yner can thus
be in the foBpBotdaahigoddpbenglssuildoheving a | ow nol ecul ar weight, so
long as it ig 2a969hﬁ185d9§h%9yﬁ0QEQEEEQ by further reaction to a

hi gh- ol ecul af I'mdée_pol i 35 Alternatively, a nononer
m xture conpbséd- é#aahn@§ﬂ§heéylbéﬁ &pAenone tetracarboxylic acid and an

WO 02| - 182a33 PETLH$8hAnbaSphengloskhiee pol yamine in which the mixture has a

VOlat'|%5 4,4'-diaminodiphenyl ether

meta-phenylene diamine
para-phenylene diamine
p,p'—methylene dianiline
2,6-diamino toluene

30 2,4-diamino toluene.

A typical example of a polyimide prepared by a
solution imidization process is a rigid, aromatic

35 polyimide composition having the recurring unit



content of at |east 9% nmay be heated to a tenperature at which foam ng
occurs contenporaneously with the polynerization of the ester and pol yam ne
conponenWO ®/48243i | the polyinmde foamis forned, as nore PEFUBHAHTAS y
described in US 3,554,939, which is incorporated as a part hereof. In
anot her procedure., a mxture of diamnes is 10 added to an al coholic
solution of the half ester of benzophenone tetracarboxylic acid and reacted
at 158167F (7075C) to forma heavy syrup which is heated in a circul ating
air oven at 180F (82.2C) for ahlout 1216 hours fokl o by drying in a
vacuum oven 15 at 176194F (80-9pC) for 6090 m nufjes. Thereafter the
pol yi m de precursor is pulveri iLatQ a peowmgder @hichlis spread over an
-alumi num foil on an al um M R at 4 ?teo $QOF|(315.6C) in an oven
for 30 mnutes to produce the % a s '&ar pnocedure, the dried
precursor powder fornmed in abo t renneryymy e subjected to a
“multi-stage technique in whichghe powder is plaged ifh a pressure vessel
positioned within an ov 25 preheated at 232.2C (45 and held at this
tenperature and at a reduced pressure (19. 99.9 inches of Hg) for 15-30
m nutes. The resulting foam may then be postcured at 315.6C (600F) for

15-30 mnutes, in a_gi.,rculatin i.r_oven. 30.Mcr ve -radi ation may be used
for convertiWgShep Iﬁsmg&’eeaptr%cm ﬁttoo 204 V?; %G ch%IEJéreeI&V\hi ch
normal |y i s paesapsehykeneddiemineal(“BBPI hgunhta &hdr hal tovéassThkapr ecur sor
may be used 4p hifo! 8 fLPhoflel91BALIRE heh B i¥psP a1 fLyi Ng an al coholic
sol uti on “of € nDnomers, Br y range in formfroma f|qU|d resing _ WO
02/ ~82~3 PCTPObDINids. ¢pmpesitippeabiaviey pPast BPPkanfod fil ¥PPoRreThe
precursor neyrpenpPhasedri-8qa nold and inserted in a mcrowave cavity
operating at a powder of 10-100 KW The precursor nelts and starts to foam
W th contenporaneous 5 polynerization and curing to a foam Yet another

nmet hod of preparing a pal y84didechoas bonetvesthedst kngwanihntdecaproi c acid
nmononmer wth a diamne.,The i mdocaprojc acid oper_is, 10 d by
reactindﬁg t%?FacﬁrBﬁ;¥??&8§cwaydﬁzgﬂyh?iHﬁeafggacg%?%lgg?aﬁgéﬁgggﬁatio of
di anhydri de 66 aapobyasbayanbdteessndt hadiabbudride.5. The resulting
pol yi m de powder is caused to foamby heating it to a tenperature in the
range of about 150 to 320C in a 15 square nold._ The resulting foam block is
then cut into slabs orThReprecepsdbyi wBdCRhRrcRALYENIEEhEF REFRBHSIOf
preparing p%agomféﬁ f gapbREengessr thedi 88ntSty, 8#9thE lmoklSmérd 7Frémd3, US
4,241,193, 20 US 4 %96,2?8, US, 4, 315,076, US 4, 332 65? and. US 4,639, 343,
each of Mhi cHRish| FRsrBot¥iey as &agﬁer; heF 85t eXaRlgy SWBRE §Bneral Iy
such as thosglgprsatibediahiabodad a eetkatarbskylittuseidsadevel oped because
of the evol ution_ of.corde ti ti h g ated in situ by

t he high-teﬁBgigngézgﬁfd?ggtpgﬁoﬁgggtFéﬁﬁ éo§5%§g§%|§?§§hé§ using a | ower
al kyl ester ahbaenbttevmepbsgyriec acHeating pEsdnchng apeekaPproduced in

mixture at a moderate temperature of about 100~150°C

20 vyields low molecular weight oligomers, and these
oligomers may in turn be transformed into higher
molecular weight polymer by further heating at an
elevated temperature of about 240~350°C. When a
dianhydride is used as a monomer instead of a

25 tetracarboxylic acid, a solvent such as
dimethylacetamide or N-methylpyrrolidinone is typically
added to the system. An aliphatic diamine and
dianhydride also form oligomers at ambient temperature,
and subsequent heating at about 150~200°C drives off

30 the solvent and yields the corresponding polyimide.

An aromatic diamine is typically polymerized with a
- 6 -



30 the reaction as well as the water released during the reaction are both
produced in vaporous form These volatile gases are entrapped within the
pol yi m dwonet48243 and, upon stabilization, produce a foam PEV/UBY/HES4S
honobgeneous cel lular structure. Foans with larger 35 cell size may be
obt ai ned, however, by the further incorporation into the reaction m xture
of asolid g _ W 02/~82~3 PCTIUSC]/ t 75~s bl owi ng agent such as

aZOdICarbona£%ﬁﬁ§¥§6%&%g§§ué%§ hmgr Qete9£a85985%¥g§ dggg&lbed in US

4,476, 254 or 'S TACOFpora 8s°a part hereof.
By contrast andsymtanchcafnaactabsoakn@hﬂlﬁstaJSpﬁeeQQEa§1y useérepared by

mXing WD BaRPLYSET JPLTLE1PBLEOW SRIRLLEBLRACLA L LRI RS BABRS

: nlcrospheres m crocapsul es or m crobal 'oonsj tha confain a gas. The
shel | structDhrenol @heaigﬁbotﬁmédmébﬁéiﬁéﬁl mayrpecpreedsasypiehl fy made of

gl ass, caybopstaByet, Ceﬁ@ﬁb@r%e?%&@‘i‘bf MQ&@bn@%@frl Bk hsetiai €al |y
dlfferent fromthe material from whiich t rix s prepared. A

na
syntactic foRPHYRETHER aB EBHQFHéFteﬁmbﬂ?S|ca¥nf53ﬂ]%ﬁﬁﬂaFﬁ8 pPesBnce of
the structurgblyechebimigpheren &rpaspienot| as@daceihitpabisimhdefoam as

dh in | f dt | d
foam having The Trechstey afortrP BE Bl G el BF cRhR s ot e ™
syntactic foslotaimgd bey usedatment helpbr pageto¢ d0danstiphdlewgdahyehsctri cal
componenly | 8-20€HBL0 40: 25 192E18R 06SGHEOEH @@ev§%¢9use?§h gas is evol ved

during advancenen [ zatl on reaction non- syntactic
foans t her ef biepheroxidet 9adt . pr epapbingythacbisphenexide 88:bnddditi on of

a chemical biQui 8ohlbra8esimifibi 2tEBbati gal1ybteping olpees I nto a
pol ynmer matri x, |||%%volatlllzat|o of a lowboiling liquid within a

pol ymer mat rykel )P%%¥§E§?Bﬁmb €a gas dissolved in a polymer matrix
upon the reduction of pressure in the system A foam prepared by any of the

20 foregai ng nmethods i.s_a.non- i cef S e | g of the foam
result g&%n1the disperi?BﬁOFﬁ égg%$§%e§fﬁé?%%ggﬁﬁgagoég F%g he form of the
gas bubbl e ipskyimidedatraekgawni snnbhecantai neBow ekampiay &fpe of shell or

other Structyfg.ns te%PacarMEkQZic4§31&3IECEﬂéE§8£m45§ af wikgigood

strength. A syntactic foamis not suitable for S |nsul tion for an

el ectrical c@h@%ﬁ%ﬁtthﬁ%ﬁ%@ePreB@Eﬁﬂse PReSPPERefice B?m EPRR8yeRtous
material in tbRaSyYBIREYI et Beatoem withhénspberneas aromatlc and/or

20 heterocyclic diamines to form the corresponding,
polyamide-acid/ester prepolymer, which can then be
foamed and cured to provide the desired polyimide foam.
In the preparation of the prepolymer, the
tetracarboxylic acid derivative, usually in the form of

25 the diester, is reacted with the diamine(s) at a
temperature below the reflux temperature of the
reaction mixture. The prepolymer may be formed as a
low-molecular weight polyamide-acid/ester, which can
then be heated to complete the polymerization reaction.

30 The prepolymer can thus be in the form of a liquid or a
solid having a low-molecular weight, so long as it is
capable of being converted by further reaction to a
high-molecular weight polyimide polymer.

35 Alternatively, a monomer mixture composed of
an ester of benzophenone tetracarboxylic acid and an

-7 -



5 shell increases the dielectric constant of the foamto an unacceptable

| evel . To produce a polyimde foam of acceptably high density, the first
step is WO @8pire foamin slab or 10 block form The secRFHUSRIETS4Ss
slicing the foamblock into uniformslices or sheets of desired thickness.
Any conventional slicing nmethod may be used. If desired, the formcan be
originally foaned into sheets or "thin blocks" of the desired thickness.

However | 15 DeGausecthEsgafli fEChYuhOLCEnaRekPulENak0abgohRERYl ar i1

thlckness have sur ace ns and sonewhat irre enS|t|es near their
outer surfaceententcphigatrbeashr §&rmBYoPRsheRt8ENEC| 8 FEMBRRREVLr ef err ed.

20 Next, theaéoﬁﬁléﬂeﬁéaM§n§|é@édrsnc@nﬂ@hﬂoﬁéﬁé@ﬁslﬁewﬂﬁﬁlEﬂd flnal
-conflguratlon Any suitable pold nggtggara pbe used. Téﬁhc nol ds

are those |hPQkY@ﬁr%%%t¥%%n?§hEE? 1%?a?8ﬂp8p a femal e

nol d hal 5, tﬁ\ﬁﬂlan@héepopymeaeo:soamrmsefafmem dabaﬂnéres nmoved into

" position with tg fga shéet soge at gg@ §% her Bmegn After the
nmol d i s cl osBd hhaH ?Q%Ye SBFEIPS abBI b es¥ f8am sheet to the

desired 30 eikheatrpohabtedi asappbart hereufe t he foanland set the foamin the

desired shape. The foam may be conpressed to any desired extent, over the

broad range of from about O to 99% of original thickness. The foanlnay be
uni form y conpr essedInopngthesr procefugs. wat Biktuke 35 AdpH&RSSt Afcture can

be Conpﬁﬁﬁsegdaeddt6feﬁegicgﬁgneessoaﬁtﬂeﬁl6@dthénhgeﬂeé@tergbeater
conpression - 11 WO 02/:482.13 CTihSC&/~ 5~s _wil | in a stiffer,

stronger proBERECRRENENE ESLEBRBFROY bhCWRTE r%@ﬁl?e?ﬁtﬁasé ter, nore
flexible foansgrodnts momﬁqcerem fidtine knesmvys @yt wihiee idmal  product

characteristj n, be_va th different 5 d r ion in

t hose ar eas. he E%g e sﬁéﬁ?ﬁﬁm%ePﬁegﬁrtﬂgeﬁD?E ﬁgpves“%%yé!g f%ﬁfo pr oduce
product s havahguthlﬁkbﬁ bouthi Anditowedaby Anyisai inbaevaoldmr evedse agent
or ol d&%T gef7€3¥9£’@1-* ﬁf%;éé"’c%s%gze ORI ARt th%ﬁf&f&ﬁ@é ed romthe

nol d. oam nmay be ted to an enperature suitable for producing
the desired abgrnelﬁimeﬁelEgeﬂersPﬁel§pEE1V¢E1¥6§niBEPn§ BewHerW t h nost

agl yi mhdeffoﬁméﬁﬁfé %iééﬁabﬁert ha B@ﬁhﬁf&:ﬁ;féﬁlagﬁ aﬁ;%%hM1ﬁ5mOgt ?l ne]g
en the foamis heated to atu om_about or from
about 0.5 top%aﬁ?nﬁ?é he'ﬁ@goﬁ{:rﬁg@ L%]eﬁ(‘)aq ﬁi)ej\ﬂ A" PR véotlﬁgﬁﬁe specific
pol yi m de fomfmused, tsopebduee brenfoam.|l ow as 170C and other times as high
as 320C ebthough 20 generally the 220-320G range gives best results. The

nol d may "be heated in any suitable nmanner. Typical heating nethods include
conduction through ofin er simidasf pricedvke  wahes drdegnPrECUFSOE of t he

maj or 25 foaltahﬁaé}a%ﬁew SHOMBY¥GLheaLl Qamelﬁgﬁﬁék%ai}eebl BObLgEcaBY
conbi nati on ereof. In many cases, conductjon heatin one or both

hr oy
maj or foam sh@e@ @HFF&C§§aQ§ 5PehBiAEg, 1BeWRLSE ERe §8W§§Ee gf the foamin
cont act Mﬂthpl&@eﬁeﬂheé ﬁEegsm@e|vébbblfpbﬁlalbneghwlﬂﬁlﬁnaatowenlnperV|ous

surface AR | | PFORRRLCSKRR Bi20nry (hagtd JRRP R °t25%p§§2f e f oam surf ace
remai ni ng essempeahtyreehhdlat a3fe@ncedhpaesayres (88rPH8t-8, inkdedol d is
cooled to a 89'&8?'fo%eﬂgegetﬂﬁﬁutbg.neCQﬁéafésﬁitgﬁﬁ'T%Qhemay then
be postcured at 315.6°C (600°F) for 15-30 minutes in a
circulating air oven.
30
Microwave radiation may be used for converting
a polyimide precursor into a cellular structure which
normally is then subjected to final curing in a thermal
oven. The precursor may be used in the form of a
35 powder formed by spray drying an alcoholic solution of
the monomers, or may range in form from a liquid resin



- 12 WO 02/ ~82~3 PCT/ USA / a75. h and the product is renoved. The product
is a tough, flexible foam structure which retains the nol ded shape during
handl i ngwae2Bg243se of the nol di ng process descri bed abovePCHUYUINFS de f oam
is nolded into the shape as needed to properly serve as insulation for an
el ectrical conponent. A nold is designed according to the shape of the
conponent to be insulated, and a | ower density 10 foamis pressed into the

proper. shapey§ 0, PLRFUS8508/Pab ey RE PBriiaYaRgohNC ORAL! BeehRBBraNd
hi gher density. type of eflectrical conponent that can be effectively
i nsul at ed bymayhbghplaeedt N pd| PPifldenfoaRFested #Bt2pBLCFEWRERI y |inited,

and incl udescgp0BppnEptsatisy at a pawberf sequentyoekret roghe a nicrowave

- generator or any other dgvice ahaE uges al%ernatlEﬂ curEent at high power .
After bei ng PREGPERTRH, MebhPoRRAt SEEHER 58 tRBCeWAFE FRB.ESFPRHPHOVEri ous 20

articl es sof pabuheeipaeishcindscarphgsoa at £bamg chanber, chemical or

' physi cal vapor deposition chanber to nake a sem conductor, or a m crowave

oven. ' In addition to high density, the foamused in 25 this invention for

el ectrical insul ati odetsanhthert methed by arkparinespspaavémafleat | east

250C, a COMDESSAI Yoy SiyEaoLbankiAl hiashi BoBapPaial 2208 Aehengst ion, of 1.5

MPa at 40% deformation, a ectric constant  at , as measured
accor di ng t owdbhASTRA®NIBE,; of TheodmbAoraRE01lFhacyfaleRPILE E8nstant wil |

al wvays he grgpbgartdapy lrasctingSaatepesthiboxpl e deigraiandytnigenpari son
to the dielectrjc constant of,a vacuum the_valye_ of whichis 1. Alow
dielectric dUhE%aﬁ?pF% AREAHpLRt Anfagugl P yd?ﬁ?HYﬂEﬁgﬁt#8n to 35 possess

when used tocapsolateamno€l tessi chbncabpabent1-513 Th@Oregni82rg
PCT/ USOL/ ~75-is_. sihce a | qwer.di el ig C a i ndj es.a.greater
resi st ance t%°£¥é%f$?d%?w %ﬁdﬁ%t?eﬁgé& Eﬁd???@e@? #%%t%@%p%?bﬁg %ot limited
to a 5 surfacemperabunssigtthe paegarbﬁgabhptfbéﬁ?‘hay3%%(hddbdito t he
pol yi m dg asg4&siL o?ﬁ‘?v' deflet gagumeiﬂst ebhR’BLbLER 18 thenakgye described
properties i sTcause erebg. 10 - 14 ° )

into slabs or sheets of desired thickness.

Other methods of preparing polyimide foam are
described in US 3,249,561, US 4,177,333, US 4,241,193,
20 US 4,296,208, US 4,315,076, US 4,332,656 and US
4,639,343, each of which is incorporated as a part

hereof.

In systems generally such as those described

25 above, a cellular structure is developed because of the
evolution of condensation volatiles that are generated
in situ by the high-temperature imidization reaction.
For example, when using a lower alkyl ester of a
tetracarboxylic acid, the resulting alcohol produced in

30 the reaction as well as the water released during the
reaction are both produced in vaporous form. These
volatile gases are entrapped within the polyimide
matrix and, upon stabilization, produce a foam having a
homogeneous cellular structure. Foams with larger

35 cell size may be obtained, however, by the further
incorporation into the reaction mixture of a solid
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to Claim1 wherein the polyimde foam has a density of about 0.16 to about
0.32 g/cnB. 3. An insul ated el ectrical conponent according to Claim1l
wherein the polyimde foamhas a 15 heat resistance of at |east 250C. 4. An

fbam has. a c gl SERHE A WP UAT DBl BUEHAERIY T 8
or 1.5 MPa athyaymzdeleor wat iocdhers gsh dassiyidesd isy &Str‘ll/élaﬁ Cofp eie s

according_t o 4JejgMos ghtheiehn JhGriichy 18 dedoRpmirhRed b @ galiid ¢ constant
-at 1 MHz of 2.°00 or Iessa'ut 25 greaté} t han 6 Anﬁ nsu?gied el ectrica

conponent ap@@ﬁﬁQQ)to Claim1 wherein the polyimde is prepared from an
al i phati cgdi am ne. 30 7 An insul ated el ectri cal conponent according to

Claim1 wherein the ég1de IS rqﬂ red.fron1ani$ t? di am ne. - 15
WO 02/.1823 PCT/ USOL/™ N Tadh 8 &S c&hﬁﬁ%ent accordi ng

to daiml wmereigyntee tia fdanrdbécat{ﬂee@mye@dﬂwdmlalqocﬂo,amsd;@amme 5 9. An
insul ated el gty 'n%%es%%@foﬂ)%%) %Oersd' dte%cgﬁ)'e@ %e%‘?.'he' LAY Yi mi de

Is a polyether|n1 ectrlcal
syntactic foam, may be used for the purpose of

10 insulating an electrical component. In addition to a
foam as described above in which gas is evolved during
advancement of the imidization reaction, other useful
non-syntactic foams therefore include those prepared by
the (i) thermal decomposition of a chemical blowing

15 agent, (ii) mechanical whipping of gases into a polymer
matrix, (iii) wvolatilization of a low-boiling liquid
within a polymer matrix, or (iv) expansion of a gas
dissolved in a polymer matrix upon the reduction of
pressure in the system. A foam prepared by any of the

20 foregoing methods is a non-syntactic foam because the
cells of the foam result from the dispersion in a
polymer matrix of a gas in the form of the gas bubble
itself, and the gas is not contained within any type of
shell or other structure.

25
By contrast, a syntactic foam (also known as
a spheroplast) is prepared by mixing with a polymer
matrix hollow spherical particles (known as
microspheres, microcapsules or microballoons) that
30 contain a gas. The shell structure of the gas-filled

spherical particle is typically made of glass, carbon,
metal, ceramic or polymer, which material is typically
different from the material from which the polymer
matrix is prepared. A syntactic foam is thus

35 considered a physical foam, and the presence of the
structurally stable spheres creates a closed cell foam

- 10 -
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Clai m1 wieeaBn3t he el ectrical conponent 15 conducts al t RCRAUSHG7®rrent at
hi gh frequency. 12. An insulated el ectrical conponent according to Claim1l
wherein the electrical conponent is a radio frequency el ectrode. 20 13. An
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controlling the range of output o ectrode conpris I'ng a non
15 syntactlcdﬁnﬁytvudéhﬁoﬁﬁrﬁévﬁﬁgpalﬁeﬁ§lPyeﬁﬁrébéeﬂmolESS ABn®Tor nore,
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20 Next, the foam sheet is placed in a mold
having the desired final configuration. Any suitable
molding apparatus may be used. Typical molds are

those in which the foam sheet is placed on the platen
or in a female mold half, then another platen or a male

25 mold half is moved into position with the foam sheet
somewhat compressed therebetween.

After the mold is closed and/or pressure is

applied to compress the foam sheet to the desired

30 extent, heat is applied to cure the foam and set the
foam in the desired shape. The foam may be compressed
to any desired extent, over the broad range of from
about 0 to 99% of original thickness. The foam may be
uniformly compressed, or different areas within the

35 molded structure can be compressed to different
degrees, as desired. In general, greater compression

- 11 -
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5 degrees of compression in those areas. Also, the
spacing between the mold halves may vary, to produce
products having thicker or thinner areas. aAny
suitable mold release agent or mold surfaces may be
used to assure separation of the product from the mold.

10

The foam may be heated to any temperature

suitable for producing the desired degree of curing for
the specific foam being used. With most polyimide
foam sheet materials, the best results are usually

15 obtained when the foam i1s heated to a temperature of
from about 220° to 320°C for from about 0.5 to 5
minutes. The optimum temperature will vary with the
specific polyimide foam used, sometimes being as low as
170°C and other times as high as 320°C although

20 generally the 220°-320°C range gives best results.

The mold may be heated in any suitable manner.

Typical heating methods include conduction through one
or more of the mold walls to one or more of the major

25 foam surfaces, microwave heating, induction heating or
any combination thereof. In many cases, conduction
heating through one or both major foam sheet surfaces
is preferred, because the surface of the foam in
contact with the heated mold wall will form a tough,

30 moisture impervious skin which is desirable for many
product applications. Heating only one surface will
form a skin on only that side, with the opposite foam
surface remaining essentially cellular.

35 Once heating is complete, the mold is cooled
to a suitable temperature, if necessary or desirable,

- 12 -
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properly serve as insulation for an electrical
component. A mold is designed according to the shape
of the component to be insulated, and a lower density
10 foam is pressed into the proper shape to produce foamed

insulation having the desired shape and higher density.

The type of electrical component that can be

effectively insulated by a high density polyimide foam

15 is not particularly limited, and includes components
such as a radio frequency electrode, a microwave
generator or any other device that uses alternating
current at high power. After being insulated,
components such as these are installed in various

20 articles of manufacture such as a plasma etching
chamber, chemical or physical vapor deposition chamber

to make a semiconductor, or a microwave oven.

" In addition to high density, the foam used in

25 this invention for electrical insulation is
characterized by a heat resistance of at least 250°C, a
compressive strength of at least 0.8 MPa at 20%
deformation, or 1.5 MPa at 40% deformation, and a
dielectric constant at 1 MHz, as measured according to

30 ASTM D-150, of 2.00 or less. The dielectric constant
will always be greater than 1 as it is a specific value
determined in comparison to the dielectric constant of
a vacuum, the value of which is 1. A low dielectric
constant is an important quality for insulation to

35 possess when used to insulate an electrical component
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5 surfactant to assist in preparing the foam, may be
added to the polyimide as desired provided that no
deterioration in the above described properties is
caused thereby.

10
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2. An insulated electrical component
10 according to Claim 1 wherein the polyimide foam has a .
density of about 0.16 to about 0.32 g/cm’.

3. An insulated electrical component
according to Claim 1 wherein the polyimide foam has a
15 heat resistance of at least 250°C.

4. An insulated electrical component
according to Claim 1 wherein the polyimide foam has a
compressive strength of at least 0.8 MPa at 20%
20 deformation, or 1.5 MPa at 40% deformation.

5. An insulated electrical component
according to Claim 1 wherein the polyimide foam has a
dielectric constant at 1 MHz of 2.00 or less but
25 greater than 1.

6. An insulated electrical component
according to Claim 1 wherein the polyimide is prepared
from an aliphatic diamine.

30

7. An insulated electrical component
according to Claim 1 wherein the polyimide is prepared
from an aromatic diamine.
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5 9. An insulated electrical component

according to Claim 1 wherein the polyimide is a
polyetherimide.

10. An insulated electrical component
10 according to Claim 1 wherein the electrical component

conducts alternating current.

11. An insulated electrical component
according to Claim 1 wherein the electrical component
15 conducts alternating current at high frequency.

12. An insulated electrical component
according to Claim 1 wherein the electrical component
is a radio fregquency electrode.

20
13. An insulated electrical component
according to Claim 1 wherein the electrical component
is a microwave generator.
25 14. An insulated electrical component

according to Claim 1 wherein the electrical component

is a plasma etcher.

15. An article of manufacture comprising an
30 insulated electrical component according to any one of
Claims 1-14.
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providing a polylmlde foam hav1ng a dens1ty of about
10 0.15 g/mn or more, and applying the polyimide foam to
the electrical component as insulation.

18. A method of controlling the range of
output of an electrode comprising providing a non-
15 syntactic polyimide foam having a density of about 0.15
g/cm’ or more, and applying the polyimide foam to the
electrical component as insulation.
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