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Table 1. Properties of Typical Insulators

Material Dielectric IEL‘ Processﬁng

Constant (ppm/C)  Temp(C)
Alumina 94 6.6 1600
SiyNg 94 2~3 300
Si0, 42 3~5 1000
Polyimide 3.5 20~40 400
Teflon 2.2 20 400
Epoxy- 4.5~50 14~18 175

Fiber glass

* Thermal expansion coefficient
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of puisiol SIgh Aol AR U 5
), 1 Perfluoroalkyl group£-
3= o]‘L]a—L H]—I:Hoﬂ

&F5le= polyimides
13t g3l= '—7}4 Sl = A he-
xafluoroisopropylidene group2 %= dianhydride
<+ monomer# AF8-3F Du Ponte] Rogersel] ¢]3§
g Hasdch ¥ 2,2-Bis(3, 4-dicarboxyphenyl)
hexafluoropropane dianhydride(6FDA) 2} oxydia-
niline(ODA) & =3HA1H dofx]&= ol polyimi-
des+= Du Pontoll 23} mlcroelectromcs%gi |
FEoIAAL U FHAFTE 2.90/H, FHE 2
%, A3 (Thermal Expansion coefficient :
TCE) 60ppm/C, T,= 290Celth. " Dianhydride
monomer<= hexafluoroacetone} o-xylene @ &2 Y4
vH5o] 2o (Fig, 1), diamine&-
nzene} 4-nitrophenol & %-E] aromatic nucleophilic
HrhFig. 2).
JE3hrE 2= 5
6FDA ¢} 2,2-b15(4-ammo-
phenyl) hexafluoropropane(4, 4’-6FDA) &

1-chloro-4-nitrobe-

substitution ®¥F2-& Fa& A%
Hoechst Cellanesesl] 2]&f %
1= Sixef polyimide:=
mono-
mer& AHE3H 1o 2 A G4 2,65, T, &= 322C,

.- . g i
Era 11% B 998 9As et
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- Jn
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B L e T
F(E 0 NS NG CF S T
Hexafluaro-  o-Xylene Oxidation and
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0
0 CF, i
N /l\_[; Ja N

C/*\ ) CFy~ \) ¢’
0 6FOA 0

Fig. 1. Synthesis of 6FDA monomer.
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Fig. 2. Synthesis of oxydianiline.
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nzene o 2 RE] dojHch P
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A Aoz AakFig, 3) Aausha Aed(Matri-
mid 5218, Probimide 200%) 6FDAS} Z 3 ated A
o] polyimided] §#44& 2.92, T& 331C L
25 GuAA|S= S5ppm/Cebal I
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ol A o
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2, ape LA A4S 3709 . Ao
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9= electroric polarizability(ag), ##z+el nons-
ymmetrical displacemente]] 7}¢1&}t atomic polariza-
bility(ay), —tefir A717gel |3 permanent dipole
momentS b= groupsol wigol ols) folAl=

orientation polarizability(a,) & “t/d¥e]2lth,

ar=agto,Ta, (2)
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Fig. 3. Synthesis of diaminophenylindane.
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Table 2. Properties of 6FDA Polyimides

Dielectric

Diamines _[“C) Constant &) Ref.
ODA 290 29 at 1IKHZ 13
44-6FDA 322 265 at 10MHZ 14

4BDAF 260 2.80 at 1KHZ, 50% RH* 17
DAPI 331 292 at IMHZ, 65% RH 16

I — 271 at 10KHZ, dry 18
I 380 2.75 at 100KHZ, dry 19
m 244 2.83 at 100KHZ, 50% RH 20
v 271 278 at 100KHZ, 50% RH 20
\ 227 293 at 100KHZ, 50% RH 20
Vi 295 276 at IMHZ, 50% RH 21

* Relative humidity

ric hindrance®] 2}3l polyimide interchain electro-
nic interaction (charge transfer complex)©] 7}~
gef AnpHo s FAASe Mg ek
g Akt groupe] &A= polyimide chain? pac-
king efficiencys St3of free volume2] F71& %=
fte] FAdTE TaANY, B 23t elect-
ron withdrawing inductive effect:= electronic pola-
rizability S AEA17)= IS s whd B4
£-2 electronegativityt= F7}4] 2l dipole moment¥-
Z@3led orientation polarizationo] 23+ F-2 44
o] F7HE obr|AFIth. Polyimide®] {774l
fluorine group¢] v|X= dE¢L HuH oz 99
89lge] Eftzxlon Zagt AARIA FHHo=z
Fashe Aolth.

FAdre SAFAEE, &R, Fas)d
wha} chizpo]7s Lb7|w¥ofl Table 29] 7F iz}
B9 HAYF k& AF vlustrie ofte] Fejvt
A2}, hexafluoroisopropylidene groups- b=}
Foll m8)she A o] 9ol aromatic ring2] 4
& 248 % @A aromatic ringoll pendant per-
fluoroalkyl groups =ishd §H4dao #AG
HAaE #EY 7 e A4S 4 7 Aok Aromatic
ringol] €o} v E4u perfluoroalkyl group
steric hindrance®} “EA]oll polyimide aromatic

rings-2] coplanarityE #&i3te] o] A3t AE =

DEXDED 72 A3d 131992 29

Hehiz Qo ARG

Table 2o ¢153¥l polyimide o]9]ollle ofe] Z5%
9] dianhydride?} diamine2] Z3le] 2|5l BA =2
e We 429) polyimider} Xirxle] glo}
oA 6FDAE E 33k polyimideir S

= gEAZ T

Photosensitive Polyimides

Photosensitive polyimidet> W& s} t{E o pal-
yimide layer®] patterning processE 7+Ha}A] 3
Fv= direct patterning abilityS 7+l glo] e
8 B e, 2 gyt photosensitive polyi-
midest= negative type© &4 swelling, shrinking
during curingd o 17}2] #4134 & ¢t gl Ha
olelFt VHES THElY) HF & oz fufo

pee

2 b
=1 AT

= polyimideE& o] &3t positive type®] polyimi-
desofl 3t -7} ghabs] o] fojz)al Qli=t] kha-
nna®} Mueller®o) 2)sj hexafluoroisopropvlidene
group2 ¥3H8te= polyimide s ©] %3 £1]Q)3= po-
sitive type?] polyimide Z4j%o] WHE¢jt}, Mat-
rix resin® 242} polyimidet= 6FDA®9} 2, 2-bis(3-
amino-4-hydroxyphenyl)hexafluoropropane
(AHHFP) o2 2 ¥ #z%]i=t)(Fig. 5) diamine
segment?] aromatic ringo] ¥# hydroxyl group?)
4o aqueous basedl &3 ¥},

‘4719] polyimide 18~25% 2] diazonaphthoqui-
none 3~6%%& &Hsh= ZAEE novolak-diazo-
naphthoquinone type¢] #af2| positive photore-
sist?} 7¥o| sip coating, exposure¥ aqueous alka-
line &8 Abg-3ted 7hato] vH53le 140mJsem?e]
sensitivity 9} 1,5~2,08} contrast& zH=vlil ¥t
=k, olw) AME-53= polyimided] -2hER(M, )
ek 70,0000] 31, T,i= 306Ceo]ch. AHHFP diamine
- Bisphenol AFzl Y-E] 3utAle]l w83 Ax
Solzlck(Fig. 6).%

Omote 522 6FDA} AHHFP R lojzl
polyimide @] hydroxyl groupel tert-butoxycarbonyl
(t-BOC) protecting group-& =38kl photo acid

generatorE ©]%, positive type®] photosensitive
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Fig. 5. Synthesis of 6FDA-AHHFP polyimide.
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Fig. 6. Synthesis of AHHFP diamine.
polyimide & ¥-43tct, t-BOC groupo & ® o ¥

6FDA-AHHFP polyimidet= aqueous alkaline &4
of wxjgkon} ab&ulol] ofa 47 acidolysisk]o]
aqueous alkaline &9fo] %= polvimide = %]}
7ZFeH(Fig. 7).
15% ©] p-nitrobenzyl-9-10-diethoxyanthracene-2-
sulfonate 2 ploto acid generator® E8Hahis 24

270mJ/cm®o] Al contrasti=

T3

2ol A% sensitivitye

4,290 Ao g wixselck, -BOC group i pho-

tosensitived+ 3-chlorosulfonyl-1, 2-naphthoquinone

poae

0
0 0 é 0 C=gdn
HC—C--CHy,  HC-C—CH
CF, CH;
l NBAS

%@r oot

Fig. 7. Acidolysis of t-BOC protected 6FDA-AHHFP
polvimide.

diazide(NQDC)E 6FDA-AHHFP polyimide®] hy-
droxyl groupel] uF3-A]73 4.2 polyimides= (Fig.
8) diazonaphthoquinone ] 3takol 15mol% o] k<l
G‘—"rt positive A%E-8 Holu} 32mol% olgsl 7

$-i= negative photoresist 2 A4 #pg-3ky=d], ofi: 1,

oX.

2-naphthoquinone diazide7} UV irradiationol] 2]}
ketene © % rearrange®te. S ¥-3F FHo] qlS

= indenecarboxylic acid it
kaline &%l m o}, 1,2-naphthoquinone dia-
zide ] 3hato] wobAwl AsAel Zvbol elsy film
of §aE 4hre] e Folrmi vhed s s
A A5l = ketene2] ¢F& Z7}8to] interchain cross-
linkingo] F4k3-0 2 Aol ketene dimert} bute-
nolides &%}, aqueous alkaline £o0& &5 {7
ol =2 @Al =7] Wi#el Hoz By
Ack.>

Poly(aryl ethers)

Microelectronicse] HEB 22 7uto] o]iftolx]
I gy B AE alugl poly(aryl ethers)y &
uholl om, WA, dAAM, 7IAA ddEo] §
8 stz golth, Poly(aryl ethers)i- WHH

o 72 activated¥! aromatic dihalides =3

¥ 8}3}e] aqueous al-

dinitro

348+ alkali-metal bisphenolate 2} aromatic nuc-

leophilic substitution ¥F$-2 8l A ZI|u}, .29
1% Y%+r Friedal-Craft acylation ¥v8-8 A%
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