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ABSTRACT: Considerable efforts for decreasing dielectric constant (K) of polyimide
(PD) interlayer dielectrics have been made to enhance the signal propagation rate in
microprocessors. Pls are also strongly demanded to have low CTE in order to reduce the
thermal stress in PI/metal laminates. However, it is not easy to attain these properties
simultaneously. However, there seems to be a limit in decreasing K since PIs involve a
high concentration of highly polarizable imide carbonyl groups in their structure. This
report describes a possibility of polybenzoxazoles (PBO) as an alternative low-K and
low-CTE high temperature materials. PBOs are usually produced as a fiber form after
the one-step polycondensation in polyphosphoric acid. In order to apply PBO systems to
microelectronic purpose, we have developed a production route forPBO films from their
soluble precursors. High molecular weight PBO precursors, polyhydroxyamides (PHAs),
were prepared from silylated 3,3’-dihydroxybenzidine (DHB) and dichlorides of
terephthalic acid (TPA) or trans-1,4-cyclohexanedicarboxylic acid in DMA¢/HMPA in
the presence of pyridine and LiCl. The as-cast PHA films were washed with water to
remove salt, then the dried films were heated at 400°C/1h to ensure complete cyclization.
The obtained PBO films showed a much lower K, lower CTE and higher Tg than the
corresponding PIs.
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BBRHALITED, RHE/AERICKYBEOEFBILIIHETIILRND, XFAET
(X PBO # BRI ZEXICH AT I-OITBEF v ANEMNTIEEA PBO ATR AL IR
MLTPBO B RETHIREEZREF LIz, £/-PBO LRETHBHED PID I 1)L L
HHEHEELT-,

[REBR]1FT PHA OEAKHERHL:- BEMLESFRIILUTOEYTHS.
LiICIZ8U7IFRBE/EY VR EBIEIC 3,3 -dihydroxybenzidine (DHB) Z& ML
ABELOIOORAFILS SO MR EE CHEMMEMRLT DHB OF7I/&, EF
AF LEEITRAFILDYIELE=. VULIEMEHZ THEEET . CORGER
~NFELDTLIZIVEE(TPA) 2B LM E (L trans-1,4-cyclohexanedicarboxylic
acid (CHCA) ZiE{t ME R K ICMA TEBMESZTL. DUMERIEFOF O TR
(PHA)281=. B/V—RE I0Wt% TESZMIALI-E. BERBMEHRIC SmBET
FRLI-, ESOEE TPA OZBEMEHERAES VAT UNLBEHKBLEZLD
#ZFUL\z, CHCA (& DMF ##Mi &L TEEFA L TERIELz. BIEFA =LA
E#. BESEEA-AERS/IFBELTIEM 0. TOFEESITALV:,
PHA ¥ v AMNBEIXIEERT-OKEBDKT24BMMITTI R E, ELRLI=T1)L LA
FEHEELT 380°CE (L 400°CTHEABLTE1ITRY PBO J/ILLER . B
FARR(E TGA.DSC B&U FT-IR IZ&kYiBELT =, 5N Tz PBO J4ILAIZDNTHE
BHi.CTE. REEFVEE. Tg FEFMLIz. FEEME K = 1.1 xn, 2 [THEINT
EYRBFTENSHEICLYRE LT,

[HEREERIPBO ARICK{ALGN LR EETIE PHA OBRBETIEDHSHTE
MRTES PBO EFTHEATLES, BHRHABIEL PBO DIBE T RUKEBLSNDIETO
P RBEBBRICHTIEBEMNETHEW O, RUBEMNBERTRYT—
F—BERMYHL-%&. BEICEBRLTEET LV IREZLYHLD ., 208
FRARTIELYBREOB L\ PRBOFBRAERHTITOLRETRETHLICL.
B CTERUAIFRIZBLTIEFING<EHE BRI ERKUTRIECHEEZALTLS
ELSRRBRAINS, KBHDO PBO HEICAWAER (o-EFOFL7IV) ELTHEER
M THIE7Z: DHB %:&IRLT-,

F¥9 DHB/TPA RO EAFHUERILI-HERETT BEELLT DMAC ¥ NMP
EXHEMTHLVIEE.DHB OV IILIEDHEICKSTER RIS ITRBMA N
HLTLESTA. DMAC/HMPA (172, viv) BB BEERAVIEXBRIT L ERIToh
S ofz, COMEDHB U JILELEWVE S /5N - PHA (JIBESET
Ho=B . VUNELZB R EBEAEABO NI, RIZ LiCl BEKRFEERIIL
F=o BHLICIIZER T HPHA DBERELZEHINHEEHCEHTMALN, Fohd
PHA DESEICHLREBERIFTEMN LI otz J1ITTRT LI LICl & 1wi%idin
LG ENRLBVEHEE (1.0dL/g) NS, LICIZFEMLEWMEE I RIGE
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REIZFBELLY. ST EERMNRONT, COBALI-FRIXEILREME
TCRAZHEAENREEINS-, £~ DHUB [CTEHE SR (DHB * )ZRAWAE. LYUE
SFFED PHA HE5hf-, DHB/CHCA R TlX LiCl 21wt ST RIGR CEFH
& 0.80dL/g @ PHA h3#8 51z, DHB/CHCA(cis/trans-mix) R CHREIKREBE S S U
BARMBENAONT-, — (FEHR) 4 PHA BENOF v AREF- PHA 4L AIEH
BIZEBLTLWAABEHETAREAHIIRONT . BEMICHEF TH-1-,

RIZPHA OBIRILBEERARD-HIZHEOHDERETRULEL THRIVMBURAR
DRLVERIELT-, TR BERY7INEE (PAA) DAIFED 95% LU LIZITED
250°CTIE PBO NDBRIERGIFFEERC LT . FAEDRTIIFENEHET 5 350°C
3B THPHA DRIEIT LT+ THASZELH o1z, DHB/TPA % TlE 400°C/1h,
DHB/CHCA % TI& 380°C/1h ORMBTHIRIENT T TEHED IR ARTRILMS
REnt-, BoNT=PBO KL THBTH Tz, COKIITRILZTHETADIZERE
[CEENRETHIBEHRLLT. RIEREEEIX PHA OBEHORIRIERGES
PAA RICHARTT HE{ELVZELPHA FYAREDOUURIZKYATBEHIEL TEIKIKT
DZRBHED PHA BPMSELITEINNTNDSIE (IR ARIMLKLYHESE) . PBO
FHEAMMELGZELCLYD FEBREORRICHIZEENRELLTHIToNSD,
EbdHh PHA ORBRIERIG (X PAA DBRASFEEETRICHESNTE LY. .
RIERIGEEBENS FEMBERORFEERMEOBR. REEREDEREDR
HFICOWTRHMEHESABLETHIELSICBHIS,

R2(ZPBO &R T 5 ELXHTIPIOWETT . £ F ik DHB/TPA @ PBO
DAV LIEFEEYRET S s-BPDA/PDARYAZR (K=3.5) &KYHELVK (3.0)FRL
tzo ¥1= s-BPDA/PDA ERILARILMEFEL, BBHTIE CTE fE(3.5 ppm/K)ZRL
t=o CNEBLERIFENSHTEINSLSIZ PBO SHOBELEANERITXIASED
THD. BRRNCEIZKYBESED DHB * /TPA R TIXE D CTE SABRBISNH =,
ERELOND PI RTED CTE HNRAIZNDHZEZLIATERE L 1=AY[3]. DHB *
/TPA ZTHLREHRIZ.PBO FHOBHTEELENERSLIVERESELENS

Table 1 Effect of LiCl content on inherent viscosity of PHA.

EA LiCl B wt% EERE dL/g
0 0.52
1 1.03
DHB/TPA
2 0.58
3 0.49
DHB*/TPA 1 9.17
0 Tk
DHB/CHCA
1 0.80
DHB/CHCA (trans/cis mixture) 1 0.73
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EUHDEDo0TLIZEBEEZOND, TBEFOLYDLLVWEEETE
DHB/CHCA(trans 100%)R CIEEICEVFEERAPFINLL . BRICELFF
BEPBO SUDHTMZELHELANDEBETH . COEFEKPBOIT/NSD
IZLUESVETE/EREDE THS trans-1,4-cyclohexane HEZZA TS
HHEFEK PBO &Yt CTEQ22ppm/K) [EB<E-1=NENTLLEEHITELVE
CTE {EZ R L Tl /-, £1- DHB/CHCA(cis/trans SEE¥)RTIEFRLEEY
DHB/CHCA(trans 100%)% &Y% CTE (I <oz, ThiE cis-2VAANFH U ED
NN BEICLDILDERLIE, 2EEK. X FEKRELLD PBO #Y
DMTA Hhig £ THSREEBIXBABE TIEALA, 400°CRLLIZ Tg bLEERBARLN
F=o ¥1-5%ERBVEEDOLENLHET S Pl LRABEOEH TELREEMN
ARERBENT=, DO &S IZRIE PBO IX{E K-{E CTE B H D1 DDH N1 1EH
THHEM RSNz, LHL PBO [ZIF, DEETEA P ZEBETEHLIE Q@
RIBREBRPOFTHMORE. QAFATHEL bis(o-aminopheno) AR TLNHT
EBIERGEREABVNCELE BRI REMENBRINATVS BITQEFEETH
Y. EFMHARTIE LiICl EFOEILFEMLULELEINEELLY, PBO DIEREZEL
FEUK EATERTHPHA DBRELEH  BRELTEFMERET S5 F
R LEDOIXRARETHS,

(&5 x#]
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Table 2 Properties of PBO films and the corresponding PI films.

% X CTE An Te/°C T.d5 /°C T.dS / '°C
ppm/K in Np in air
DHB/TPA 3.03 3.5 0.22 426 > 580 576
DHB*/TPA 3.09 —-4.6 0.25 426 | - | e
DHB/CHCA 2.98 21.6 0.14 | 410-430 499 461
I(Z/I_Cn?r/lggufg 3.14 324 0.11 | 410-430 489 491
s-BPDA/PDA 3.46 5-10 | 0.22 370 603 580
s-BPDA/CHDA | 3.15 9.5 0.18 350 495 472
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