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Evolution Mechanism for Mechanical Property of Polyimide Film by
Far Ultraviolet Irradiation
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ABSTRACT: The work aims to understand the evolution mechanism for mechanical property of polyimide film by far ultravio-
let irradiation. Deuterium lamp was used as simulation source of far ultraviolet irradiation, electronic tension tester was adopted
to detect mechanical tensile, thermo gravimetric and XPS were used to analyze and test composition, valence bond structure and
thermogravimetry. Under far ultraviolet irradiation, tensile strength and rupture elongation of polyimide film decreased firstly,
then exponentially increased and finally tended to be stable as the radiant exposure increased. From thermogravimetric analysis,
the temperature of far ultraviolet irradiation causing obvious mass loss in polyimide film dropped to 550 'C from 575 C. From
XPS analysis, rupture and crosslink of chemical bond in polyimide film could be caused by far ultraviolet irradiation. In early
stage of far ultraviolet radiation, the rupture of C—N, C=0, C—O, C—C bond was caused to decrease mechanical properties

of polyimide film. As far ultraviolet exposure increased, the increase of C—O—N bond, the decrease of C—N bond and
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C—O—C bond and generation of free N mainly led to the increase of mechanical properties of polyimide film as bond cros-

slinking. Rupture and crosslinking of molecular bond are primary cause for the change in mechanical properties of polyimide

film under far ultraviolet irradiation. As the far ultraviolet exposure increases, the molecular bond firstly ruptures and then cros-

slinks.

KEY WORDS: polyimide; film; far ultraviolet; tensile strength; rupture elongation

VR AL RL T AR by 5 40 4R} B0 e AR T A
K, WPAEEREEHY . RKPHML . A =K BH H
o HTZAEEBF, T, 250, BEre. a0
R SRR VE T, WA RL Y ) 22 e ks kAR A
b, FECLYIRE T R R

] P AL R BIL A 25750 3 S ek 1) g 2 P E T
T RKEWMFE., R. Verker F1 Shimamura !-*5%5 58 ik IV iz

(PI) HIETEARHbERELIE (LEO ) 5T Y J124 Rk
AT TS, PR A, JRFE2EFE LEO HlE#
ERA R 2 R N R R R, BARE T R
AN EA SN HHGEERE AN ) 2 PR RR T SR B
B5 7 AN NG L o B X oK 28 B B

(HST) M7ERL B 2L, Joyce A. Dever 25015 i il
Py [E1l N E B NN N YA 7 BN 5+ B NG =
EIEE T B 12 e REHEAT T WESE , & 3X Teflon FEP
FEEAE 25 (W) 40 S IR BE T 19 ) 24 PR ek 2 WA i iR ko
W. K. Stuckey F James E. Ferl 2557 1 2% [a] 48 5}
FRBE T AL B RE (R 52 ), A 3 T RS R A g 2k
A 52 25 ] 8 S A58 B2 M A8 R, T A PH TR MAC SR S )
P RE DU 8 LA /0N o B A X6 2 () 6 O B 058 I T A sk
F12APERE AR AL B AL BRGE AT T A 2 05 O
FERM, B i USRNSSR L
IR A IR AL R LR A AR B R R 22 1), G B AR S
TR B 2 e R AL A T U — 2P Y

S E NS T A [Alm 5K AN SR R R L
JHE e FEE Ty 2 RE AR AS A AR, SRR AR | X 4R
LT BB I S SOV A BT 7 1, o) SR Ik SV e 1) ) 2
PERER (LB RS T T 5T .

1

I RS D T, e 2R Ik 0 Jg e s ( AR A
72 ) B A A TERE S, JREE R 25 um, BioA 15 mm,
KH 150 mm,

e FHORCKT AR Ry a5 A0 e BEOUR L DR K Ly
115~200 nm, JIEEE T8 10, FEMEE N 25°C, B
ST 1x107° Pa, BEFEE N 0, 300, 500, 800,
1600 ESH ( Z&%C K FH/INA )

RIS T , ST EPEGERES , FHGIIEGHE 2R A
WA PR RGD-1 B HL TR IS HLIT T 24 1R

PR Ee . FREE A 100 mm, F7AP5HEE N 50 mm/min.

) FH PR A3 A I B £ X P o ) ol e L
F AR SR TN, TR X R & 2 1000 C,
FHEZ R 10 ‘C/min, AR FIAH XPS X #
JE ) 2 T R AT A0 B, R AT HER N 0.48 eV,

2 HERKOH

21 HEMEETL
R ) 378 2 A/ W e S R T 0 e v SRR 1 g 2

PEAE (PUhrm B MBI R ) R 1 s,

P 1 LA, Rt 5 A/ R A P T, R T I
FBCA 558 JRE T DRI 2 AP 3R ST /NP3

185
n
« 180
Ay
%n 175
g
8 "
& 170F /
2 .
B ./
165}
./
160 1 1 1 1 1
0 400 800 1200 1600
Irradiance/ESH
a PLPIEREE
56
n
54
g st
5
s 50
g - —
< 48 r
5
2w
-1 s
42 L 1 ./l 1 1 1
0 400 800 1200 1600
Trradiance/ESH
b HiBHRKER

BT P )~ fE B 5% S i el o ) 22 A G 3R
Fig.1 Relationship between mechanical properties of PI film
and different FUV exposures: a) tensile strength,

b) rupture elongation
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Fig.2 Thermo-gravimetric analysis curve of PI film before
and after FUV irradiation
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Tab.1 Component percentage of PI film before and after
FUYV irradiation

Irradiance/ESH w(C)/% w(0)/% w(N)/%

0 79.75 15.18 5.07
300 75.56 18.90 5.54
500 77.51 19.45 3.04
800 77.68 18.43 3.89
1000 78.66 17.62 3.72
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Fig.3 Molecular structural formula of PI
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Tab.2 Change in chemical bond of C in PI film by FUV irradiation

Peak/eV 0 ESH 300 ESH 1000 ESH
eak/e
Intensity(CPS) Percent/% Intensity(CPS) Percent/% Intensity(CPS) Percent/%
284.4 — — 11 859.28 11.79 13329.2 14.57
284.7 7 6423.59 74.64 42 950.69 42.71 23 071.94 25.22
285.6 7 315.697 7.15 3424091 34.05 44 327.03 48.46
286.2 9176.194 8.96 — — — —
288.2 3312.523 3.24 — —
284.4 — — 11 859.28 11.79 13329.2 14.57
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Fig.4 Bond energy analysis of C in PI under FUV irradiation by XPS
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Tab.3 Change in chemical bond of O in PI film under FUV irradiation

0 ESH 300 ESH 1000 ESH
Peak/eV - - -
Intensity(CPS) Percent/% Intensity/CPS Percent/% Intensity/CPS Percent/%
531.8 38 632.45 71.17 13 514.58 21.06 2371547 36.33
532.2 — — 41 509.86 64.69 19 280.24 29.53
533.1 15 647.97 28.83 9 144.681 14.25 22 289.69 34.14
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Fig.5 Bond energy analysis of O in PI film under FUV irradiation by XPS
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Fig.6 Bond energy analysis of N in PI film under FUV irradiation by XPS
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Tab.4 Change in chemical bond of N in PI film under FUYV irradiation
0 ESH 300 ESH 1000 ESH
Peak/eV
Intensity(CPS) Percent/% Intensity(CPS) Percent/% Intensity(CPS) Percent/%
399.81 2449.84 18.32 1392.982 10.09 2 698.966 23.34
400.4 10 924.78 81.68 8 581.198 62.18 3913.804 33.84
400.8 — — 3 826.958 27.73 4 952.307 42.82
3 Q:él:i/k\. 2013(1): 484.
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