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Synthesis of polyimide containing biphenyl units and study on structure
and properties of its photoresist

Hu Jiaqi, Bu Yangian, Lu Zhonggang, Dong Jie’, Zhao Xin, Teng Cuiqing, Zhang Qinghua
(a. College of Materials Science and Engineering; b. State Key Laboratory of Advanced Fiber Materials,
Donghua University, Shanghai 201620, China)

Abstract: Taking the 3,3’,4,4'-biphenyltetracarboxylic dianhydride (BPDA) as dianhydride monomer, and the fluorine-
containing diamine 2,2-bis(3-amino-4-hydroxyphenyl) hexafluoropropane (6FAP) and 3,3’-dihydroxybiphenylamine (HAB)
as the diamine monomers, a series of polyamic acid (PAA) precursors were synthesized by regulating the molar ratio of
6FAP and HAB. Then, polyamic acid esters (PAE) were synthesized through imidization and esterification reactions, and a
series of polyimide (PI) films containing biphenyl units were prepared through cyclization reactions. The thermodynamic
properties of the PI films were studied. The results show that when the molar fraction of HAB is 10%, the CTE of the PI
film decreases from 46.2x10° K" to 38.1x10° K, and the 7, increases from 336.3°C to 354.1°C. Using PAE with a molar
fraction of 10% HAB as the resin matrix, a positive polyimide photoresist was formulated with diazine naphthoquinone
(DNQ) and other components. After irradiation, development, and curing processes, the contrast of the photoresist pattern

reaches 2.5, and the sensitivity of the photoresist is 80 mJ/cm’. Meanwhile, a photoresist pattern with a resolution of 4 pm

can be obtained on a silicon wafer.

Key words: polyimide; biphenyl unit; positive photoresist; photosensitive properties
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2,2- X (3-F H-4-F2 F ) /S N i (6FAP, 4l
J% A 98%) « 1- 41 3t —2- 1A BE (PGME, 4l £ Ny
99%) , % BAL A C RO F R A A 53,3441k
VYR I — I (BPDA, 445 9 99%) , KA ZS M KL
B H BR AT 53,3~ BRI B K IZ (HAB, 40 % A
98%) , 221 7 ( i) R 2= A R A ] s N,N-— H
FE W e — 258 (DFA, 461528 95%) , B 47
TR B AR A A s NN IR 2 %
(DMAC,AR), Figu it il AR AR s = &
FR T (TFAA, 41 N 98%) , F g 32 v kAR AL Bl 4 i
WHE IR AT = 2 (TEA, 41 F 9 99.5%) IR 4
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F]52,3,4,4- DU Ik TR HE 1,2-25 R — S A -5
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PR A DU RS B (TMAH,,, R JE N 2.38%)
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WA, BA 1S3 5 A R HAB EE /R 4 30+ 10%-
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1.PAE-2.PAE-3.PAE-4 fll PAE-5. Ll PAE-2 N,
ARG A RMT .

RS T, % 70 mL DMAC Sl A %] 250 mL
=R, FENUMAEEE I 6FAP(6.59 g,0.018
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fif TV RS 58 38 ST BV s PR J5 P I\ BPDA(5.88 g,
0.02 moD) , FAEVK KW 26 A N B 12 h, 13 BIAR E )
PAA VG - BT VKK IR A 2 10°C , A
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Fig.1 Synthesis of PAE and PI
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K.

¥ 1.4 g PAE-2 # IE 5 0.3 g J& 857 PAC % T
6.5 g PGME 1 1.5 g EL #, 8645t £ 2 h, 4 FH JE i
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14 XRWIZE

4 PSPPI W e i T- 33 v |, LA 1 000 r/min 1)
O ETR 15 s, 22 100°C ML 2% 10 min PAFR 555,

RENTCRE M A WL . I AE 9 K 365
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mJ/em?; 88 Ji5 75 03 & 53 500 0.074% 1 Y H RS A AL
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BN 500~4 000 e, FAFERECN 32 K.
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JE N 10 mL/min.
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1 Hz, MR N 30~400°C , FHmH#E % 4 5°C/min.
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Fig.2 FTIR spectra of PEA,PI, and PSPI
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Fig.3 'H-NMR spectra of PAA and PAE samples
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10° &b 1 75 SR A b ), T DA S R BB AL AR B . 45
B 3(b) T 515, 2 HAB SR I BE R 43 B0 0 42
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212 EEYXRD EAE

4 NPIE A XRD . MWK 4TTLLEH,S

Foft PLHE JEAE 260 79 21° B3 227 H B 58 92 10 9% HIL AR AT
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S IG N, AT S ) 1 20 F U7 R R AS o 38 A hr
WIS TR HEARBE IR 1 s . WK
R LA S B HAB & BR300, 20 78 1 -CF, 5%
DR BRI 22 55 el />, 7 A 1 22 [ A7 BH 20 M2 0 55
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Fig.4 XRD patterns of PI films
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Table 1 Diffraction angles and molecular chain spacing of PI
films
HAB /R 73 #% 20/(°) d/A
0 20.8 43
10 21.3 4.2
20 21.4 4.2
30 21.2 4.2
40 21.4 4.1

2.2 PUEREMRED R
22,1 #VERE T

] 5(a) F1(b) 73 31 2% P ) TGA Hh 28 /I DTG
Mk, AR E R H TR 29 . MWK S(a)~(b)RIR 2 1]
DA H, BT 8 R RE o 72 R N 350~450C K AE SR
1By B K E 3 2 p T R 2 B 45 4 B T ) i #A P
B, RIS R AR R, IR E T2 480°CHE, B
iR I RCR E L X T RS R BE R ARG
fil, 2R FE T A 550°C I, JEA W0 ik ROk B iy
Ko SR HAB ) PI-1 3 A Eb , 31 28 PI i i
F) 5% FA 5K B IR B (T0,) ~ 10% #A42K B IR B (T 00,0 AT
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Fig.5 The thermal performances of PI films

BN 1 PLA> TRERINIVE , PUEIR A B b A AR IR
NS 3 T BEHERUE S, o1 1A ] D0 a5, AT T A
K A B BEAR

Kl 5(d)Jy P1# i ff) DMA 28 . 454 1] 5(d)Fl
2B AR T LA Y, 5 RS IH HAB ) PI-1 3 [ AR
EL , HAB 4 51 A\ i 3 1% ) T, M 336.3°C # i T 2
362.9°C ; [FII, i % HAB & & K184 N, o e A2 W ik
BWRES , Xt K HAB & &1 28050 7
BE LI 08, BOZ B HE 1S -

#2 PUEERAMEMRTREN
Table 2 Thermal properties and thermal dimensional

stabilities of PI films

HAB i CTE
. Ty/'C Tyl C R /% ae 107 K
0 381.2 4355 41.6 336.3 46.2
10 4223 467.1 44.2 354.1 38.1
20 4173 462.2 48.5 342.1 37.8
30 4224 474.6 53.7 348.6 38.4
40 4223 469.6 48.7 362.9 26.5

222 J1%ERE AT

P 6 72 PIHE IS ) 2 1k e I 45 1, EL AR s
WR3IFT~. ME 63 LA H, PI-1 5 ) hiL
i iR B2 R 56 85 5 43 3l 9 52.8 MPa Hil 2.1 GPa,
HAB #1 5] NFEAK 1 PTEIR 1) /) %% 14 B8 , 24 HAB JEE
IR 53 B0 30% B, PT-4 8 JE (1) o7 e 55 P85 0 ot A A
B %2 28.7 MPa 1 1.4 GPa, iX 7] R 42 1 T HAB #
K B ST PR T 6FAP, SRR A4y T 8 K
75— 77 T HAB 51 NEIR 1 35 540 43 ¥ B 1) 0
PR, A PRSI ) 2= Ve Rk 55 - SR, 33— 2B Tt
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HAB [ B8 IR 5 B2 40% I}, S 1) F 22 M e g
o Ao B A SRR 4 i IS B T 49.3 MPa Fl12.4
GPa. XA REE i T HAB B W 45 74 f) L 43 38
K, 53T HEHEZ RURE , 37 JEE oA 50 6 B 92D L 7 2 1k e
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Fig.6 The mechanical performance test results of PI films
®3 PUEEMNFMEERE
Table 3 Mechanical properties data of PI films

HAB /R0 ¥% BVt E/MPa  BiHSEE/GPa A8 /%
0 52.8 2.1 33
10 49.1 3.2 3.8
20 31.8 1.7 3.7
30 28.7 1.4 3.1
40 493 24 3.7

2.3 UV-Vis ik
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Fig.7 UV-Vis absorbance of PAC and UV-Vis

transmittance of PAE
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Fig.8 Photochemical reaction of DNQ
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Table 4 Film-remaining rates of PSPI-2 in TMAH,,,, with

concentration of 0.074%

Joi 553 /% 15.3 17.5 20.5
IG5 /nm 1160 1595 1998
30 s BB /% 97.8 99.0 90.4
60 s B 4 /% 93.4 92.8 93.9
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VS — e JRE AR 2 4 R B T i R R i 2 B, 4
1) B 1 4 A T DA o R A TR TSR SE B, M
B9 m] LA H, 78 3K N 365 nm (198 Ah e 4R IR R,
PSPI-2 & Z [ 5% U FBE 9 2.5, R AE Sy 80 ml/ent?, % B
TEAZICZ) T 20N 6 20 e v S 1 5 A i b B 2 v » ik
B3RS R R L B .
2.5 RZIBRKERSHE

10 /& HAB JEE /R 53 304 10% ) PSPI-2 Yt %I ]

100

80

60

H— LS/ %

40

20

0 PR | PR i
1 10 100 1000

ARG/ (m)/em?)
9 PSPI-2 HU%FEsR IR ML

Fig.9 Irradiation characteristic curve of PSPI-2
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Fig.10 SEM images of PSPI-2 before and after curing
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Fig.11 SEM images of PSPI-2 photolithography pattern
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Fig.12 The thickness changes of PSPI-2 films before and

after curing
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