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Ind. KD kL, EREEERO J
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THRONDWINANT FIVIZET D, 57 used to represent a molecular orientation. The

TEEED i W (i =x, y, 2) (T PAT72EE  polymer chain direction is set along the x-axis

— AV NEAETAIEIC X AWINEFEICxF  of the molecular coordinates (x, y, 2).
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Fig. 2 |2 VT-pMAIRS {£(Z L 0 Buf5 L7z, gk 3
SRR DAL 12351 5 PM2 Wi 0D TP 35 K TR OP e
ALY NV ERFEF L UCTRT. NI ELE ESa0C
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?F’HEE%, FEHETT O C=C fiffg, BIOA
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b RS b B IREOER PRFE— A b TN e A
DIFIE, C=C ML CNMRERBICIE xS T Wavemambortom®
AT, RO C=0 fiFifEHREI O J 1% PAE, P10 Fig. 2 In-plane (IP) and out-of-plane (OP)
B T %30° 90°TH 7. spectra of PM2 thin film acquired during

heating from 65 to 260 °C by VT-pMAIRS

3—3. PUmEEDRRENDEEREERE are shown as typical examples. The spectra

N#Eh > PAE MEC 35U NT, BEAET S RiEL4  of the films substantially cured at 350 °C
PAE O 7 AL FEBLOER L PL £ Ay Vere obtained at ambient temperature and
N OBLAIE S ORI EL VIpMAIRS ok 0T resented as 350 °C.
SEBMENCEHE L 72, Fig. 3@ KRBT 5 C=C £ X OV C-N [HHFEIREI D k())D —
kb HEH L7z, PM2 @ TFDB i & A X R & ORLMAE (Sar Sen) BEROA I FBEE ()
T ZZT Y IEAXRT PR LN REETH D 24Apen + Aopen 7 Dkl 4,
Apen BE R dopen TENFNIP BLNOP A7 M UZEIT 5 C-N HfFEIEE O WS¢
ThD., B 3DOD/RXT A—H(Sp, Sen» ) ZHWT, PAE L PI DK BT A FD
BEEEE (Spags Spp) 2 (5)=0%& AW CEEA L 7= (Fig. 3(b)) .

Sar= (1 =%)Spar + xSer, Scn=358p  (5).
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Bl ] U 7= Bk Fe B & SEAL ) o0 SRR R Ak 23 RAE L7 A — &S BN S, A 2 RMb)
HILEFECIE PL &7 A v M NI EIRIC B W TR AR T 5 2 E DR S5,
Z ORI PAA BIBMADG A L KE S BipoTWD. PAA WEIEDOSE, HENELW
LR R DR E WK E L Gl O A I NMEBtAT 5729, 4 X Ry
(ZVEISp] D3 |Spapl 2 SEAT L CHEIN L, MEEALA L7z PAE B A2 FSERE 3 5 (FRi&iiz
P 3 HIMmERL A PAE £27 A M2 T PLIZEA(EL, PIE2ACIImNE mMEEZRT)[3].
FUFA bty s ZAA2F v (Sm) ?Tﬁa%%%%ﬁ?‘é?)&%la%ﬁiﬂ FHELL 7= PMm JE
O EE, BUREE S Sm AR EMRFF S L, T ORMGIZIH > TPIBERT 5728
RV |Spi] 23 |Seae (2 FEAT L THEINS 5 [2]. PMm O A — %a& IZoOWTlE, 3 — 5’é’ﬁ
28T GI-WAXS fi#fTRE RIS X, K0 EEmIcERT 5.
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Fig. 3 Temperature evolutions in S of the aromatic C=C bond in TFDB moiety (closed circle) and CN
bonds in imide groups (closed square), and degree of imidization y (closed triangle) of PM2 thin films (a),
and those in in S of the precursor PAE segments (Spar) and generated PI segments (Sp) in the
thin films are shown by blue and red symbols respectively.

3—3. PMm & U PIERIZH T 5 Edge-on BLF
PMDA #® [Face-on| F7-1% [Edge-on] ALl

1

(Fig. 1 Z/R) OFLFEIX, (cos’y)IT X W i+ 2 = 0s} l
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9 bRE < PMDA Hi7s Edge-on REE LTINS = Fig. 4 Variations in (COSZI//> estimated for
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(cos™y)lE, PAA 7>HFHELL 7= PIAED(cos’y) =0 .64 [IZUTVMEA /R LT-. ZOFERIE, PI
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A I MEOIEFEIZINT PMDA T 8482 .02 EER L, AiBAD Edge-on BiA A3
RSN & ZRRT 5.

3—4. pMAIRS o Efflichd S & An DAREE

PMDA-TFDB (2% L C VI-pMAIRS {EDGFEi L72 S %2, SEJEIC L D EHHIL 7=
An b EEBIESTN LM L7 S 2 bl L7 (Fig. 5). T OREE, m OR225 PMm 5
AL L 7% PMDA-TFDB # 1%, O —RKEENF—THHIC bbb, K
P g S m O E & HIZWAT 52 & &R L7 (Fig. 5@). 2 2T gyl np & nop
ZHEAN - @A TEOBITRE LT ny = [Qnp + nop’)/3]"> ThHDH. PI OFDIER a;
X —RIEEICEB DO/RT A —=FTH D7D, ny OFEIPL FEOBEEN m OHEIME &b
WD+ 5 2 L ARRET S, & 512, PMS, PM10, PMI12 758 L 7= PLIE®D An 725
RIS SMEN-0.5 L0 H/hEL< 20, Bl ITEKFHME STV 5 (S <—0.5, Fig.
5(c)). — 7 PAA ENHFHHIL7Z PMDA-TFDB TlE, 23 F0MiR o, 0 Hilisn s S 1%
PMAIRS 7SRl Sz § LB 8T 5 Z LR SN TWAH T2, PMm 75 il
L 72 PMDA-TFDB C S 25 KEF-Ml & V72 RN o OFFEAEE Tl n B2 6 5.
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Fig. 5 Averaged refractive index, n,, (a), birefringence, An, (b), and S value (¢) of PMDA-TFDB PI films

measured by spectroscopic ellipsometry are plotted against side chain length m.

TS ny & An DEERZENX, PMm > S FR%L L 72 PMDA-TFDB 7573 2 511 72 22
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RABIZ & » THIBEERAL & ISR E SN2 TH, 2D OZE/ITERITIZAZEST,
BT 22N Pl ELAIER IR T 5 LB LD, BEORERE Y H3 7R
WZEFETH->TH, 20X ) B AFNRZEREEIC LV BEEEDT (An) R S
5. FRROV A ey 7 REERD G L7 PMDA-TFDB & & [FRIC, HIRIC
BWTHEGRZEEMAEAEL DD, 20D PMm H il S 7= PMDA-TFDB JE23,
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#9912, pMAIRS %@U%&i‘éﬁﬁﬂfﬁﬁ%ﬁ%hé TS EHE LR AL, TR
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3—5. GI-WAXS & pMAIRS O LLERICE D #EEF 9 — DT
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0.06

0.05

N

o
N
o

0.04 +

(%)
-
o

0.03 +

a / degree

o
-
o

0.02 +

./ degree
Intensity/a.u.

(&2
o

0.01 |

0 1 1 1 1 L
20 16 -12 -8 4 0 4 8 12 20 -16 12 -8 -4 0 4 8 12 0 %0 Az'rioth |9(r)1 I 173 150180
26,/ degree 26,/ degree imuthal angle/3 /deg.

o
o

Fig. 6 GI-XRD patterns of thin films of the PM2 (a) and PMDA-TFDB prepared from PM2 (b) on a Si
wafer. The incident angle of X-ray was set at 0.16°.
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5B 2 [hkO[EHT 2 FHVN T S 23l L72[4]. fHELODO =8, ¢ il 52 mNEdm L=
fEm (H— R AL ) B2, &0 c il)E » OERERAONAILT v 4 A (a, bEHD
FALET o Z D) &35, ZOHA, 1 OO D[RRI DFREE /SR IX(8)NTH X
oD (TAA—=—TF—BR% z SO EVICRERL TELNDA0) . EEOKIX, tx el
ALICHEL L7 O A IR TH D, BEEMm S OBELRE ORFNL9)XE 72 5.
728, (En, 0, (& H,2) 1 EZERE RIS EE U 22 REE, JEHICEE L7 6k
ERDWZEMEETH Y, [hO]EIPT AUH(E, 5o, ()% & TeERHE E125340 L (Fig. 7(b)), T
JERERIZ(10)2UZ L 0 B He S5 (ECIRlER, Fig. 7(b)) . £ 72(9)2ND Dp(0) XL 175347 B
BTHY, ZZTIEH Ty AR A NE LT,

Lo (5,77,4’) oc 1/(2”\/502 +17,° ) L&A+ = dy, (8
[(5.H,Z) = L”/f)j:”o Lo (£.7.C) Dy (0) dpd0  (9)

&=(cospcosf)Z+(cosfsing)H —(sinf)Z , n=(-sing)Z+(cosp)H  (10)
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(ko] / J/
diffra(;t'ions

Fig. 7 Schematic of the distribution of [4#40] diffraction from perfect planar-oriented molecules in local
reciprocal coordinates (¢, #, {) (a) and the relationship between local reciprocal coordinates and
experimental (macroscopic) reciprocal coordinates (=, H, Z) (b).
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Fig. 8 Uniaxial orientational order parameter, S, of the PMm precursor films (a) and corresponding
PMDA-TFDB films (b), which were evaluated by VT-pMAIRS (Sr) and GI-WAXS (Sg)), are plotted
against the side chain length, m, of the precursor.
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PAE FiBEAD A B a— RERBRB LW, 20005015 PLERIZR L, BEo4a
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ZERACFI T B IE 7o E DO KV A — LD REZ WETRAEE DB WE SO EETT 2 525
STV T I AN — A 52812k, PAE SN R 220, FEAAE, FbLIZHR
i fEI D7 D AR — A IEE A L, BRI ZIFIESN I AF1E T 5 PAE SHOAIN(LASHEST
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