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B, 4N (4-TAE2-FHEEHR) E (p-
6FAPB) .1, 1- W (4-HE ALK )-1-(3, - W =8HF
BE)FERE-2,2,2- =8 LK (9FDA) 4-(37,5'- XL =K
HEEE)-2,6- W (4"-FH B EH) M 9E ( p-DTFAP)
PIR4-(3' 5 W =ZFHEBEEE)2,6-X(3"-HE

FHEIME(m-DTFAP M AL R =SSR , 28
EEMLR 4 FSE R FERINE 1
BN . N-FR BE-2-mE 0% B (NMP) |, b 2 1k 2 i 7
Al ETZE CaH, K H 3 208 .

Table 1 Charactenzation of the fluorinated diamine monomers

Diamines Melting point{ °C) FTIR(em™") "H-NMR (DM30-4,}
3477,3449, 3034, 1632, 1491, 1451, 1341,

p-6FAPB 133.9 6.94,6.88,6.80~ 6.84, 6.40~6.76,3.61
1260,1221,871
3386, 3325,3033,166%,1501 1336, 1287,

9FDA < 30 g6 8.15,7.59, 6.67~6.62,6.55~6.51, 5.38

3453,3358, 3039, 1621, 1546, 1387, 1281,

p-DTFAP 224.3 o2 8.95,8.68,8.18 ~8.20,8.02,5.24
3346,3217,3049, 1621, 1552, 1389,1278, 8.62,8.22 - 8.24.8.18,7,52,7.49 ~ 7.51,7.22 ~ 7.24,

m-DTFAP 204.9
865 6.70 ~ 6.72,5.28

1.2 MAFE E-TERAVBHEHE ASAOURLGEE

54 85 3 Ubbelohde 4 FE 838, M i
HERIOC,ERARER 05 dL ' NEBER
1 NMP % . T 7K 32 30 i ROl b o AR R A
(3.0emx1.0emx0.05ecm)TF BCTRETES
TG 24h, RERETR HFE, FHEL(0) kT
B 404Nt R B Perkin-Elmer 782 %Y 48 57 i £1 4
Fei {0 W, B S O R, 0 B O 4000 ~ 370
em™ ' EEHP L% R A Hitachi U-3210 FE {03 T M
HOEHBTEEN 190 ~ 800 nm . BEHORZ AWM 04T
(DSC)S#HH 5+ (TGA) 3 B Perkin-Elmer 7 & 7
#ATT R E, ABEE 10 K/min, RIK. H
HEEE R FH Instron 1122 FEESERHLME , B H/TN 20
N, R 10 mm/min, £ 4 #5200 mm/
min REBE M (R, ) RAEFEBHE(R,)H 8K H
EWEAEER] AR ZC36 RS R e B WL Y
T HEL(O)RTE . AEERNBERAL
WL (B £ =0 QBG-3 4 i3 3 ¥ MR
1%.

W =1(6 - 66, x 100% (1)
Hi, W ARKE(%); 6.6, 5B ABRKEH
WAREE SR RE(g)

R, = R, x 2L, x (D,/D,)] (2)
Hef,p, :BEBERER(cm), D, HPEABMER
{em) . (EHW:D, =5em; D, =5.4 em;2/[ L, x
(D,/D,)}=81.6).
1.3 PILHAR

FHASLELZHE T 4 BENSEERER
TR, FTEE PI3 AFEAEEREE.

B 100 mL = O X0 A 4.7342 g (10 mmol) m-
DTFAP LA B 37 mLNMP, i A B, KBS HTH
HOShBARKAEWURK.H 4.4424 5 (10
mmol} 6FDA 7 15 min -t INA B R v 1%
EHERFE 24N BRRACEREMRERER,
FFHERE (NMP,0.5 g+ dL™ ') 5 0.86 dL- g7 . ¥ it
BRMEE—TROEER - FENTEF R
T8 I BE 4k : 80C/6 h, 120°C/2 h, 150°C/2 h,
200C/2h,300C/2 h HFFEAM R A A PR,
FT-IR (film, em '): 1775.1720.1385.

PI-1 (6FDA/p-6FAPB), PI-2 (6FDA/9FDA) LA
K P-4 (6FDA/ p-DTFAP) kiR BERI HHE & ..

2 H#R5itie

2.1 BERTEERSK

BERMA WA 1 in, BARNMERDE
2EHiR AE2VLIESR, REREKR (PAA) M H
KX 0.54 ~ 1,02 dL/g. PAA-2 IR BB,
RFERAT IFDA MFEHBREBRN . BRY
FIARESF _REABEHENEmENER, B
Okude FLZMRA AT _BWRAISHERE TERE
HETHETER, BT NMRILEUBS5HTH
BEEYIRIX, B NMR {625 6085 (7] LLFE  2a fk
REEEMER T _madk X 4K 'H-
NMR WAL B8 h, M HEE T R 7% E
MA BREMTHEET O AX—HER, AT
FRFERH 4 f & 8 Rk & 3 S ' H-NMR
BIL 2 LB K /N FF 2 : Goppn (5.38) > Soimar
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(5.28) > 8, preap (5.24) > 8, 4rarn (3.61) , H M H 4K
# R B 1% ¥£ K F 4 : 9FDA < m-DTFAP < p-DTFAP
<p6FAPB. X 5 AL BHMAERRE—-BMW, BT
OFDA MR TSN BE , Bad B P o
LAk, AN B R Rt R £ PAA B Wt
TABRBAFRE BT o0 BGA B P,
PI-1.PI-3 fl PI4 R ML RIFWETH, W

PAA2 ST LG LB R E S M, &8
PAAZ D TEEM NB KRB ALERALE
HPL3MRAKREKR, H0.58% XFERHBT
PRLASSHPRERM=ZRAFRFER S THOREHE
ER/IHER MXTPLL,ESFEEMCTFEE
B F L4 TR B R BE 8 i EEY
BAKEEN HH0.32%.
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Scheme 1 The synthesis of polyimides

Table 2 The preparation and thermal properties of polyimides

Pl FC Tinh Film W, T, Ty Tsa Tioa R.

(%) (dLsg) quality (%) {C) () () () (%)
PI-1 31.84 1.02 F.T. 0.32 248.2 554.5 534.6 559.8 42
PI-2 3438 0.54 B - 254.3 544.7 534.8 562.1 45
PI-3 25,88 0.86 F. T. 0.58 249.6 601.0 564 4 596.6 58
PI-4 25.88 .82 F.T. 0.46 281.7 552.3 550.5 582.5 56

* FC: fluoro content; W,: water uptake; Ty:inilial thermal decomposition temperature; Tsq , Tiox : temperatures at 5% and 10% weight loss; Ry :

residual weight at 700°C ; F.T.: flexible and tough; B:brittle

B 14AHT PIR FT-IR EE,ZEREH PLE
i W W e Ak ER 2R B TR R O R L, B T
1780 cm ™' & 1720 em™ ' B i B3R 2 C—=0 KA SHIR
B R 45 PR sh e DL & 1383 em ™' BRI A C—N &2
BRI S e, R TS M PLERIIM . A 2
MV T PLEREA SRS Al WL, MBS AT LB
4, PI B A 56 S0 Lk JE A< 7 310 ~ 325 nm 8], T

450 nm AR B HH T 80% , RUEHHAERRY
HEREANRERFMNEAN P3N ETRHE
KTFREFHERE XFTERHTHTFEMF. B
AHBRANEA TN TR T LE, F5E
I TEHEFFEBESY (CTC) M B, I 5 8] 5 B
ML RO RER PLI ERFARENERZ
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Fig. 1 The FT-IR spectra of polyimides
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Fig. 2 The UV-Vis spectra of polyimides
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F2ARTESAT PINASBBRE(T,).
SHEBERE (T )UK 10 KERE (T ). B
3BT PIM TGA AR . N PETLIEL, PLAR
HEHHREE, HERARSREBER 552~ 601C
H,5% 5 10% & & i & | K 77 1 534 ~ 564C
560 ~ 596°CH,7T0CIHHNWEERB A FTHN
42% ~58% . F b PI3 AR IR, HEH
o RIB A 601°C,7T00CH MERRE & 4
Bh58%.PL3 RRMMABEIERGTHY
FEMPTHRIARMERSH, KT S5HEH
AR R AR IRE, H iR E R WA
PLl A FEWYHFENEERBE - EBE L&
BTHEMBEOTRE. PINERLETRE T,
¥E 248 ~ 281°C ], H DSC @£k anfE 4 frn MBS
WLUES, P8 T, HE&, K 248.2°C, T P4
Wor, EERE, N 28L.IC. XEERHTE P
NTEWNFEEZHOBRR BANS FHES T
EMPRET =30 R .
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Fig. 3 The TGA curves of polyimides{in N,. heating
rate: 10 K/min}
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Fig. 4 The DSC curves of polyimides(in N, , heating rate:
10 K/min)

HUBEH, B PL2 REBIEEMNEBN K
E PLEIRIHIRE N 94.2 ~ 147.3 MPa, BT K
EHI% ~16% , HIKER K 0.92~1.11 GPa, &
HHEAERIFMN N FMHE. P M RBRER
BR,XFERATHATENEHERERY,
HEZTF,PI3 5 Pl4 5 FEERMRIHEREE,
Et A HEEMNET PLL.
2.4 mfEgE

Pl RN SRmE 3 iR W&
BE LAY, PIMEM ETEEE R, SEEHRM
R AFIHIOS510°HER . ZHHHAH R
B HERE . MHz SMINSE R T, P11 ISR E
3%2.91,P1-3 % 2.86, Pl-4 7 2.88, XHIH K EH
B B9 4 WL B 3. TP2000-297067 18 T 6FDA/p-
6FAPB #7E | MUz SM ISR T W A
2.9 5AMAMELRGERER B BAS AL
T PI-1 5 PI-3 SRR A A e 0 S0 B AT 3 9 7 Lty
% ANERELUE L, &K R B0
BRI K Z B/, Bl R ST (> 10° Hz) B #f
BTEE MEEDT 10 z £ ,PL1 B4t 8B
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EHUNT P13, T4 KT 10° Hz B, P13 94
A BN /N T PL-L . 3] BE R BN O 7 B K ) 3L
FF P FEHNPRAIB(PLIMESRAT
PLOM TREAEEHRHTMATE BN
sk, Bt PL-1 B4 o BN T PL3 BB # R 4
EEHEM, B b EE T REN BN ERE
HEB F S, B P13 R RES DT
PL-1. 50, 6 7 BT A A B 3 R/ T 4 B
ik, Mo ERBRAES A RE S FEWREE L
HPERERE, A RHRATE ISR FHEAL.
T S AL R o] 1 4K, L o AR Ak 9 BTG
BAXBARANBEEREZA RS FRERD
HIREm Rt KA FHARERB A X &

Fi,PI3 Mo FaEM R B T A ER M A M ee 5,
HWOHEEHA S ERREST P E—BER, E
B ERMRERAE R, KRS TR E
HHERYE, HNER P34 TERPEEM
BRIT, HEMHEBREARK. B2, 2 74H
FERENESE MRS HRU EaTE
RER BT % M B K W A RS LA T E 8
HEERT P13 B2 80 A oL % B, fn B o
EWMMFAERUET P13 T EAHH T BN
FIEFEE A B R % . PI-1.PI3 LR P4 W H %
BEE45]% 197.3 kV/mm,185.5 kV/mm # 150.4
kVimm, XA B AAEANR BB L EHERE.

Table 3 Mechanical and electrical properties of polyimides”

- Ey Ts Yu R, x 10" R, x 10" € 14
(%) (MPa) (GPa) (1) (Qcm) (1 MHz) (k¥/mm)
PI-1 16 147.3 0.92 7.3 8.2 2.91 197.3
PI-2 - - - - - - -
PI-3 1 122.1 1.11 5.1 3.8 2.86 185.5
Pl4 9 94.2 1.05 1.6 2.2 2.88 150.4

" Eg: elongation at break; T's: lensile strength; ¥y : Young's module; R,: volwne resistance; R, : surface resistance; ¢ : dielectric constant: V: break

down voltage
36) —A—PL 1
—e—PL-3
341
w 32
30
28 ; 1 " A
10 10° 10° 10°
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Fig. 5 Influence of the frequency on the dielectric

constani of polyimides

ZrRR HRETEMBKIAERERTE
AR FRHEERLEEMSHENLE.
KUK KB, PLa T4 5] AR Rt e 5
Rl TE R 7 R AR R PR BB 4 R B R i % s i
HAO¥#Heg i, P33 ELRRTBBEN
601 C,70CTHREER N 8%  KEHENMH
G 1% BB RE N 122.1 MPa, F8H H 8
AERRAARMGAHE.S—Fm. P13 A%
AR ER, ] MHz TR ERCY 2.86, 4
FHER 1855 kV/mm, REEEH FH S T4
BWHPERNBSE RN EBREHLREX
BABEESEILNFELEEMANER.
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SYNTHESIS AND CHARACTERIZATION OF FLUORINATED POLYIMIDES
WITH HIGH HEAT RESISTANCE AND LOW DIELECTRIC CONSTANT

LIU Jingang, SHANG Yuming, FAN Lin, YANG Shiyong
( Center for Molecular Science , State Key Laborutory of Engineering Plastics, Institute of Chemistry, Chinese Academy of Sciences , Beijing 100080}

Abstract New fluorinated polyimides with high heat resistance and low dielectric constants have been synthesized
by a two-step procedure.The thermal , mechanical and electrical properties were measured, which indicated that the
polyimides with pyridine moieties in the main chain showed both good heat resistance and mechanical properties with
initial thermal decomposition temperatures of 545 ~ 601 °C in nitrogen and elongation at break of 9% ~ 16% and
tensile strength of 94.2 ~ 147.3 MPa. The polyimide films showed also good dielectric properties with dielectric
constants of 2.86 ~2.91 at 1 MHz frequency and breakdown veltage of 150.4 ~ 197.3 kV/mm, which was mainly
because of the high fluoro-content and large free volume in the molecular structures. All the properties made them
great potential candidates for advanced packaging in microelectronic applications .

Key words Polyimide, Trifluoromethyl, Heat-resistance, Low dielectric constant



