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Fabrication of flexible, low-loss and high-reliability PI mid-
infrared hollow optical fiber and investigation of its CO,laser
transmission performances

YU Shuo-Ying'*, ZHU Run-Miao'*, LIU Sheng'?, ZHA Zhi-Peng'?, ZHANG Qing-Tian'?,
HOU Guang-Ning'?, FEI Ying-Di'?, LIU Shao-Hua', JING Cheng-Bin"*, CHU Jun-Hao'?
(1. Engineering Research Center for Nanophotonics and Advanced Instrument of Ministry of Education, School of
Physics and Electronic Science, East China Normal University, Shanghai 200241, China;

2. Key Laboratory of Polar Materials and Devices, School of Physics and Electronic Science, East China Normal
University,, Shanghai 200241, China)

Abstract: Hollow optic fiber delivery of CO, and other mid-infrared lasers faces several challenges in terms of transmis-
sion loss, bending flexibility and reliability, which limits its applications in laser medicine, flexible industrial process-
ing, and intelligent sensing. A flexible, low-loss mid-infrared hollow fiber with enhanced PI/Ag/Agl interfacial bonding
strength has been developed by utilizing plasma activation of polyimide (PI) structural tubes and a dynamic liquid-phase
deposition process. The results showed that after plasma treatment, the N-C bonds on the surface of PI were converted
to N-O bonds and active groups such as carboxyl were formed. This results in enhancement of surface hydrophilicity
and the interfacial bonding strength between PI and Ag/Agl layers (from level 0 to level 2) without noticeably increas-
ing surface roughness. The as-fabricated PI hollow fiber (ID=2 mm) exhibited a low-loss transmission window within
8-15 um wavelength range, achieving a linear transmission loss as low as 0. 05 dB/m at 10. 6 um. When bent 180° with
a radius of 20 c¢m, the loss increased only to 0. 55 dB/m. The fiber could deliver a 30 W CO, laser beam for 300 s at 150 °©
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C without damage. After 400 min of vibration testing and 120 min of high-low temperature aging (150/-196 °C) , the

transmission loss remained stable, showing its value for practical applications.

Key words: PI hollow fiber, mid-infrared, plasma treatment, CO, laser, transmission performance
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PI hollow fiber sample
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7
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PI hollow fiber,

Fig. 2 (a) Schematic and (b) physical images of the fiber sample experimental system

PR ES Lo A T PPAGRE S AE S D 3R AT i K
e SE M 78 10~30 W A SRJu B N i AT 1 54k
YOG i a2, 20 B Ho A Hh 2 SR AR A B
R T HRGEICE A A B AR IR RE , 43 KR
BT 150 CHYHLFE FI-196 “CHY A H 60 min JiT , B
s o AT AL B ARE W AR AL O . A, il i AR
JGEF A T G SRk IRy, i — 2D ARSE T OGERAE
AN [ iy L0 D 3T A AR e 1k

2 SRS

2.1 EBEFEHRLEYR

PIZEAR S RS2 /N ELA T S 9001, X LA G AL 3
Gy FE T FAE MRS M (LR, PR AR 58 45 B Pk
Ab PR PRI Y 256 v 4 AR ) A 5 /) PR 4647
BARSZES . K13 R T PR IR 45 B A Ak BT S
K W3 il f A AR RS L . AnIEI TR, e AR
TR Kb PR 5, PR T #2 il DL 47. 0T RRAIRZE 36. 77,
PLERTH SRR PEAR B0 , AR TS Ag/Agl /=1

4ih.

6=47.0° 0=36.7°

Without plasma activation With plasma activation

(a) (b)
K3 i : (a) %85 TG ALRT ; (b) 488 TR s
Fig. 3 Contact angle measurement: (a) before plasma acti-

vation; (b) after plasma activation

A XPS 7347 1 PLF B4 7055 85 TR 4 B R e
% 2 T G 3R i RRE P AR AR 1S 0 . LR T %

H ik (C) VE(N) FIR(0) =Fhoc 4Rl M5 XPS
AR R, 28 0 4 B IR AL FE L BT R Y 5 T
M 77.01% AR Z 71.10%, T & JC £ 1 & A
7.06% 4N % 7. 48% , AT E MY o5 HL AN 15, 93% $i
FZ21.43%, BEl42%50 T 555 BT S PLER
I C1s I N1s B IG5 K . RSB IR
AT, Cls 335 P A = B RGI 21) = A~ 06, 3 5310 %6 2 T C—
C.C-0 1 C=0, %] PLE 1 £ Z Wik r 8 h C-C
MC-0, LB PG, C-C 1Y & 2 RIRFE
ik, C-O 8 2K B[Rl B 7= A= T K i 0-C=0, KA
BT REEHEILARIL . 78 Nsi R, 255 71k
A PR A A5 1A 1Y) 32 B R 2E B e N-C 3% 728 N-0,
X B A5 B AR B R R, PR THT Y N-C B 245
A A AR T N0, {EAS A&, PLAYEE Y
IRZE Y (~CO-NR-CO- ) J2 4t 35 H 7 1 B 5 A1 B
FH B BN 2, DT 2008 2 19 550 TR B PR B
PH 8, P11 N-C (1 W 24 BB A% I /D o374 i A B4R
FH , 38 58 22 THDRN B2 B L A R0 BHIET I S5 A DD
ZE LTk, 20t A5 B TR AL S PLER I Y N-C 4
Wr 24 A= B N-O 4, 3643 C—C 4 Al C-0 BEAL AR Bl T
0-C=0 . 3% 80 3 S 3L A 19 A R s T PR IHI )
R AR T WA OB W 7T 4 T PR IR, BT
H A R R AT T L B M O B A PR T
AR, T R A A R T RN B 4 AR
ST DL N AT B AR AL B PR T ekt Y
B, (5 P R R 0 e Wk 285 A 280 25 8 IR T
A1 PLZS WG EF FE S AT T 8k i) 1 9 5% Ag/
Agl JZ I BEVEAE B . 7E S (a) A1 S (b) Hra] L& B,
WA VAT R TG ALFE S BT O Ag/Agl EHBLT
R E (1 B 4 IO 7 5 T 28 3k 4 5 T IR TR AR 1Y) G T R
i, LR TE Y Ag/Agl 25 PLAS Z R 45 & 5%



24 ARNRF A« FEVEATAPURE i AT 1 SR P56 MU e v 214k

55 LR 6 K H CO, MO AL e .

Cls
f‘""-‘ -0 Cls Soco
‘-‘ l\‘ PR
3 ccf \ 5 [
E ) \ s )
: | H L
E ] o ] { oo
) i LA
DM e M
.
=0 ; 0 2 0 £ o
Binding Energy / eV Binding Energy / eV
(a) (b)
- Nls ; Nls
£ NC i NO
H
]
£
H
o, N, - R B IR T L aCE s T 2 ]
o e h | STy

100 40 w05
Binding Energy / €V Binding Energy / ¢V
(©) (d)

Without plasma activation With plasma activation

P4 XPSIMIREE R - P 5 I35 AL T (2) Cls Al ()
N1s i &l s PIZRIH A5 B ARG 65 19 (b) Cls FI(d)N s FE ]

Fig. 4 XPS results: (a) Cls and (c) Nls spectra of the PI
surface before plasma activation; (b) Cls and (d) Nls spec-

tra of the PI surface after plasma activation
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samples prepared (a) without and (b) with plasma activation;

Photographs of oblique sections of PI hollow fiber

(c) photograph of PI hollow fiber samples prepared without
and with plasma activation after repeated bending 10 times at a
small radius of 5 cm; photographs of the tape test results of the
Ag/Agl coated PI panels (d) without and (e) with plasma acti-

vation
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Fig. 6 SEM morphology of the PI hollow fiber sample: (a)

surface; (b) cross-section; (c) and (d) elemental distribution

of Ag and I on the cross-section
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Table 1 Test conditions and results of high—power

CO, laser transmission by PI hollow fibers
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