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Fig.1 Schematic diagram of preparation process of multimaterial preforms. (a) Rod-in-tube method; (b) Extrusion method ; (c) Thin-film rolling method;

(d) Stack and drawn method; (e) 3D printing method
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Fig.4 The applications of multimaterial optoelectronic fibers. (a) Optical
detection; (b) Chemical detection; (c) Acoustic detection; (d)
Radiation detection; (e) Deformation detection; (f) Physiological

monitoring; (g) Neural modulation

20250022-7


http://www.irla.cn/article/doi/10.3788/IRLA20250022

% 4 3

NEF: ZHALCHRATARERERZ ) % 54 %

W AL A, R L AHE 45 0 a8 2 i Ak pE o, S
Xt H AR 43 B4 S 1 W R B A N 3 e T L R
TR T A AR T, AT AR xR i e R
B TG A RS R R Re A (N B R
45, $ham T B ARG T R B RE 7, R A AT DL SE o 45
P T AR e R

h T B EDLEF I R HUE, GUMENNIK %
NG HCHR I BT WA 25 IS LR PN, 250 1 N R T
TR AL BT RE, 12 AR B R RT L5 T 2 27 1 3 Ak
W2 SR A SN P OGRS, 55 ATROGE AR Y
JEHRM BTN, SRy T HE— 25 P A R AR, X
P S I £F A AT A, 75 520 SR P RS i, Ak 3
J5 B 2T AEAG I BR 35 5] 10 ppbo A, 78 AT LLIE 33 B
R R A A Al 1 SR A R T R AR . X T A Rk
PETT L, T DALEGER 3R 0 R R B e R a0 42 A AL
MESRAE, & FXTRE 5 H bR or 00 R 51 RE 1, s8Um A 44
KIBURL (N4 . B . A SRR A ) I s AR, SR TR
BRORE AR RV . ] ITEREF B 4 fi LoT R B
M T REATRL, 3 904 PG B . FEZS A AL
J7 i, I AEGEF P a2 1 5] A (s
NN TE VR St ) S W i A v € 4 i 3 L1 7 W -7 B LB U
JH R A UOGA Y LT S8 (B L BEJR AR, DRkt
S5Y A AR, T R ES AR AR,
FEEF H R CHR N 25 F4 T DASE (850 E K A K, 7
oA AR BT T AT TR R TSR . R T S
fE 5 A, RICHARD 45 A i AR T 2548 174
FEET HL AL B, L S 5 8 Ml 2 I B Rl F A
Y,
33 =R

FEAR RAE H B A TG h R ¥R AR, W
BLAG . BBE SURAE . GETIRE 2 M R R A £ R IR A
A BRI, EGUSA %5 K Bl B4 4 5 i 51
ZHRELF, 52T kHz~MHz 1Y 75 I 8™, -3
PP CER (NI AL, ANt & R - R G-
ERGNANOLSIZ2 IS N R T AR - ]
TR, WANG FNEERRAEYRS &R
F B ) R 0 B B — G 2T, BT & 0 2 P 7 R B
SEPLY 2~8 MHz F 7 A 00

B T 0 e A8 7R A 5 A, 2 MR GER T LR
DR LRSS 05 (555 o Bl YAN S8 AJFR T —Fh 2

PEFE AR B 4EUY, B R i R &9 (P(VDF-TIFE),
P(VDF-TrFE)/BaTiO;) 1E b & B 5.0, 38 i L il (CPC
HUB . SR ELAR) BEAT 15 S 18, RIS WA EEN
A AP Z, IR 4(c) B . X FPOGEF7E kHz~MHz
IR R Y LA P S R R SRR R RE . AE S
filt b, ZF 2 7T DL — 20 i o i AR (5 ik AR 2
Yy, ASACAT LA I 75 5 (8 4 e, 38 AT ARG I 75 A
M7 1) o X LUy n] DL S T W 22 5 XL, KL
ARSI AL M EAE S o BEAN, AR 4EiR ] FH T 0 51 A
AR £
3.4 @Gt

R SRS AE B2 272 W L R YT . R R . T
PRAGI | = RE W B4 I RN 42 AT A 3 T2 0 1
FHTPT, SRAESR, 22 MRE N BR G 2R PR e (4 £ o509k
B R ST TR I an, JeF 26 R
)0 S A T 7 T L ST B S R G AR ARG . [R] R
i G BRBCOGET B 451, W LA SE B i R B R S A
W Mok, Z 80BN MR GET /T LIAR 25 5) Mokl # F F nl
SECER SR DU Y K TR N BR ) . DU S5 AHGE T —
Tl 22 bR EF 5 S BRI 28 10, 12O G4F f 2 SR L 4
JR AR AW 2 A A 8 AR S LE N TR
PRASERE P, (21 005 40 5 sk Bk, O Bk ks 5
4 VM 2, DA A D' £ P 3 B 3 # B e IR 2
A, X TR 8 28548 AT LSRR R 627 5 i A
RORM A, A 4(d) PR BLAh, 4R R
PEEH D) T 4 BUS AT S R SR I A ) . AR,
A S DR R 2T AN 20 b Bt T e o S A
X HHR AR T, S INIREF 4 th R (L AE T
§i)-b-2K £ M (SEBS) FIIAKRAAAS BHAL AR, 31X Fh 247 4t e
B B b e R SRR R, BAA T2 BN .
3.5 TR

BT ZMRDGER 1 21 ) AR B E AR 2 3
WEIN AL A DL B N 3 LA 45 224 4k e B s
(IO R 7, X S vl LA I Jy 25l 35 P04
AR, FEA o — o A UL Ak S A R 1R 5
L5 . NGUYEN %5 A& it T —Fh bl A £F 40,
i I X T A LS AT A BT, T AU RN K
i G 0 0 S 57 AN T o SR 3% BR TR 2 6 R
4 WP 254, JFE N ) A% SRS R 3 /0N, M DA S B IR
FIREI . T 1, SORIN %5 AAE X R B4R 1) T A8 e

20250022-8



Vol.54 No.4

http://www.irla.cn/article/doi/10.3788/IRLA20250022

Apr. 2025

PEGIRS BE | A7 R R A5 i A5 A 5T SRR L, RS
& I8 5 AL LT A AN S A LSEBUIOR AR R I T, 3 Fof
BT B A 1) IO ) A SRR T A B W R A AT R A
AR, R R 2 RS R 3 0 I FH R, 61 4k
Se LA ] DUBCE R AL AN TR L, DUBEN R ) 9 e
A RTFHRETE M HUB RIS B o JIA 55 0K 4 s stk
B B B T 2 v B R A% B, 27 4k 9 1 i A S
FL A 2 BT AT R AR 4, R AR BEL T B s g i AR
b o 8 FH PR AU Bt A IV e 21 4 B 1 BB A Ak,
A LLARAS 4 kPa 1Y (= 0 B 542 )45 2 o LEBER 4%
Nl i M MRS LB EF W, LB T IEAE R 0 AR =X
R e, G pe 4e) s . 4k, CHEN 28 Al 7 —
Pl 5 S &2 TR 45 G W T hr A 2R 4, 4R 4EAE 1 900%
AR T ARG S 00 S o it S5 EE R OK &
PLEEARANLE A, 3k BL 1 2k n] LUAE B 1E 2 3 45 b
(1 B kL 38 N 22 4R A, e 7R AZ A 5 v i [ e
WEIis BB
3.6 AIBMEM

e AR TE R L A AL SRR R 1 B A G A
G, K A R 3 25 21 G 4F Ak ol (L) B R E T
fiE. REIN 25 JGH 1o 00 T 25, B O8O ot 42 A
FNLF L B A A B, ERGLE RS, SRS
2RI R T [R] BRI/, B A S L A ik . A,
K TN p-i-n DG T B RTh B A BT
o, JF FLHEGR 2UE B H 219, T nT I 0 R A
Wksh 2 80 S AL B o BLAb, 12 A1 B Rk S 7R B0 ot
G e 555, A A B o — A 4, & T —Fh
GRSy /@ W Nk E S R Ve K e i S
WL R 7.6x10° bit, FEARE GBI R £F 4 10 Rl
B Sk, BT L ARG B 2 T, BT A
B R4 22 K 0 1A T A5 , O 38 28 3 1T 2 0 ok 2
DR 245 S B4 BB 5 1140 3% 2, R J3E T 3K 96%, X B
TAERUE T 45 A [R) 2) BE A4 8 40 o5 9 A5 4 Jm b L A
ULED & A& 3| — iR nl 171, X i 7E £ de fn gy op
S AR DR RI RE, Sy AR A A B I AR AL T
BHLE
3.7 HEHRN

Z RO BAERBUN, Bt LR a5
PE R, TP 2 AL AT AR 2 T 2 R . 2009 4F,
GRADINARU 4§ A B YCKH RS U AR I EAR SE 40 SO AT

LR TR B 3 R SR /N RO pe 2 A BT SRy,
K 4(g) Fiin . BEEMRIN TH AL, REYHEZL
A A 2T S R T A o 20 A AT SRS B T2 0
2014 4%, ANIKEEVA 55 \ K5 i R A W5 L3 R &
YIS, FER T —Fh R A WA JER A, T
WAL RN 20 T, o 2T R v 2 B0 IR 0 L iy )
JE LU [F) 45 H AR B AL ek 47 e /N LA BCR . TR Sk
BB = T 55 4 Ja e Al BT . o AR BT, BF
FEN G AR T LR K2R | BRANOKR LR 2 . A1 BB
& @ EAE B A . BEAl, ANIKEEVA 45 A if
W T 2 D4 AR 4, HLA W2 h2s i, phgid
SEAZGY sk i, XM BAEY . &R ME
A MR R R . PARK % A H % T 2 I fE
CFUAEAR L, 2T EHRAET AR/ W A G R 1 147 01 B O
L HUEERIARAE AR o B A S, K ST SRR AT
DA o 4 A7 2o 485 5 400 2R 10 B R 1 i A A ok S B
— AL, MR 2L SRR . o TS
PR )2 H 0 A5 3%, TIANG 25 N 38 32 X6 7 W 79 i) 42
M)A BT, 15 8] —Fh 2 D) RE LR 4E AR EE, AT LS
LA IEOCHIB . HIC SE RN 45 25 T RE, T & R
Z DI RE R E RIS 1 0 SR b 220 Sl I F A% 3 A 5
S, R A] LA )N RO B 7 AR 2F 259, S B a2t
1 Z RS TRE

4 HLERE

SCHERA T ZH B DI REE LT 15 2 DI REFL K
BrEg RS HT R BT IS I, 6 Z MDA it S
BB b 2 G LT il e HR, AR 2 BOEE TG AR
I A=A TR | B PR A R I 38t e 2 26 U 4 AF 5
P BEEMRIN TE AR K RMEE, &8, T
TR ARIR L REY . RS RO EHE BERSF 2R RE
FOREAT 4 2 AR E LT s 2F R3] b, SCBLZ DI REA
R PERE, B R R T 18 GEOCET 1 D RE I 45
X S8 Z BRI I REC AT S AT A bR B g AR
b SN TS ik AT HH AR, IS5 T —A
N, BEEBUE AN A T3

BARTES R0 RIS T BRI, (B2
FRGER (9 R e S JRATy T i — Lk fe

1) 1T LV EDEE R AN . H AT R
W & 2 AR CET BT AT IR R %, X

20250022-9


http://www.irla.cn/article/doi/10.3788/IRLA20250022

% 4 3

NEF: ZHALCHRATARERERZ )

% 54 7%

TR ESR B AR BA DEIE B PP RE, X BR 1 44 8
A EEE, LU TS 2 IhRELr 4k, 0, —2e 54 iR
A BORPRE, WA, —HERTRL, BERATRL . R IASE,
PSRME LS RN 7 v o 5 2R SR ST BERY I THOR,
B 5T 22 (4 DI RE R RHE B B —E LT SO LT FESI R, L
SLHZ IR EERE . BN TRER Y B e 5 |
WY 73 . St 2 W B 7 [ S5 B A R R 1
TR, b it A S AR F BEREREE S 1 1
R B A€ 1 HES s £%, DA I S BURA R (8 5t 70 A
TSRS G o R 8 Z2 B BOGET U R e, 38 i i
LY, AT LAEA [R) AR L 37 0 O A T SE BB 2 7y
A W RE SR HES o LE ] w4 AOLLT I, HL T LU
BERARE T A, IREB ARSI, gkl LU
PEAA KL S TAT ) P A7 e B A0 A~ SRR G, AT 39 58 AN [)
FAREZ 18] (9 T 25 5 3, DD Bk . 78 3D 4T
BV al 4y 22 AR, S g S I R 4 H 3 R R g 1], AT
PASCBUR R B A5 Y, 4R Rl s A B . ZE TRk
Wy (s WE . . 0th) RS AR
RO R s P06 TR R D7 i AT e X sk
PR S 5 A SN Y B Y, GE S A OB B R
Aii . PSS 5 FNES R R, BT T 22 B ROE AT B 1
REMIEEIUE . ARk, B X L H AR MYt — 20 K AL
1, EANTRAE Z R GETR il £ Hh kP4 HOR B i 2 A £
H, B CEF BOR B QU AN

2) ZIRDLET B9 T RESE U DR BAR . — Mok
U, K2 L0 4 H AR —Fh Yy B2 R, Uil BE L )
DA T BT AT L] R P A SO AN L B4
BB Ry KRR T BRI TR RE A2 T2 41 R 2T
AERLE IO E . IR BB AL PRI ET 4E ST YRS T,
He B8 Z (D REHE B —AREF A, X T e h 2K
YR Z P2, anf@FE | IRl O R RE
20 N TR ZHALRI NI . AT RERYIBARINT
O FEZ M ROLE rh B2 AL, KL BT R 22
LG54, 15— RPN R T RE (ot iek | 1L RERE
ek 25 ), I 38 o 5 1w 0 A S BEAS J= 2 ) Y e ORR s
QO TEZ I ROLE S BB AL, RO BT 24
DIREREH A L A, B RS B A2 A9 I BE (UDE I
il AR 55 A SR, I 18 2T P A 5 st
LRSI 2 8] 3% 5 D DL T S AOLET A9 45
GRESA, TG AL A, S0

VRIS | A ORI R 1 64 22 DI RE AR s (@) i S RO
FOR, FECEF P | ATOR B S5 4, 38 3o AR A O 3
BOES IR | Ao RO AL B RERY 5 A © TEDE2f
RN TR 2 BETR Rl TR JE 0 D RES S
BOef b | R RE AL S 2 DI RESR G © RIS
REAEE TEARICAZ & 4 L TR RE, S AR #Y
FRPE, AEGET rh S BB S D RE VA A G R A . X
L6775 SRS SETE Z ARG ET B DI RE AR U FITERE,
JCEF BB AR AR BB A T 16

3) ZHROLL MR R IR B . K2 M
BOLA MR —fCR BRI A, DUfe 2E 8 e
SUAh IR REALHERE o BN, Ff 2 DI RELT 4 20 i 4 i
S5 N TR RERR B AR, &, e )i e A P fi
FREMSI, A I UK | pHL AR O RAE (R
] ARG Z I RELT 49 25 il | HHLAG L | e i <
TR B BT LR BRI BT, AT LR v A
DA IR B2 FREAR DL, 300K Al e ARG H 2R
DS

\

N

N

&% 3k

[1] PENDAO C, SILVA 1. Optical fiber sensors and sensing
networks: overview of the main principles and applications [J].
Sensors, 2022, 22(19): 7554.

[2] XIONG Yifeng, XU Fei. Multifunctional integration on optical
fiber tips: challenges and opportunities [J]. Advanced Photonics,
2020, 2(6): 064001.

[3] NUMKAM F E, ABOKHAMIS M S, JASION G T, et al. Loss
in hollow-core optical fibers: mechanisms, scaling rules, and
limits [J]. Advances in Optics and Photonics, 2023, 15(1): 1-85.

[4] TAO Guangming, STOLYAROV A M, ABOURADDY A F.
Multimaterial fibers [J]. International Journal of Applied Glass
Science, 2012, 3(4): 349-368.

[5] DU Minghui, LV Shichao, QIU Jianrong, et al. Multimaterial
fibers for multifunctional sensing applications [J]. Laser &
Photonics Reviews, 2024, 18(10): 2301125.

[6] LOKE G, YAN W, KHUDIYEV T, et al. Recent progress and
perspectives of thermally drawn multimaterial fiber electronics
[J]. Advanced Materials, 2020, 32(1): 1904911.

[71 YAN Wei, PAGE A, NGUYEN-DANG T, et al. Advanced
multimaterial electronic and optoelectronic fibers and textiles
[J]. Advanced Materials, 2019, 31(1): 1802348.

[8] FACCINIDE LIMA C, VAN DER ELSTL A, KORAGANIJIVN,

20250022-10


https://doi.org/10.3390/s22197554
https://doi.org/10.1364/AOP.470592
https://doi.org/10.1111/ijag.12007
https://doi.org/10.1111/ijag.12007
https://doi.org/10.1002/adma.201904911
https://doi.org/10.1002/adma.201802348

Vol.54 No.4

http://www.irla.cn/article/doi/10.3788/IRLA20250022

Apr. 2025

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

et al. Towards digital manufacturing of smart multimaterial
fibers [J]. Nanoscale Research Letters, 2019, 14: 1-16.

ZHANG Jing, WANG Zhe, WANG Zhixun, et al. Advanced
multi-material optoelectronic fibers: a review [J]. Journal of
Lightwave Technology, 2020, 39(12): 3836-3845.

WANG Zhe, CHEN Mengxiao, ZHENG Yu, et al. Advanced
thermally ~drawn multimaterial ~fibers:  structure-enabled
functionalities [J]. Advanced Devices & Instrumentation, 2021,
2021: 676470.

ABOURADDY A F, BAYINDIR M, BENOIT G, et al. Towards
multimaterial multifunctional fibres that see, hear, sense and
communicate [J]. Nature Materials, 2007, 6(5): 336-347.

CHEN Xin, MENG Yan, LAPERROUSAZ S, et al. Thermally
drawn multi-material fibers: from fundamental research to
industrial applications [J]. National Science Review, 2024,
11(10): 290.

BALLATO J, HAWKINS T, FOY P, et al. Silicon optical fiber
[J]. Optics Express, 2008, 16(23): 18675-18683.

GIBSON D J, HARRINGTON J A. Extrusion of hollow
waveguide preforms with a one-dimensional photonic bandgap
structure [J]. Journal of Applied Physics, 2004, 95(8): 3895-
3900.

BAYINDIR M, SORIN F, ABOURADDY A F,

fibres [J].

et al
Metal-insulator—semiconductor  optoelectronic
Nature, 2004, 431(7010): 826-829.

LIAO Meisong, CHAUDHARI C, QIN Guanshi, et al.
Fabrication and characterization of a chalcogenide-tellurite
composite microstructure fiber with high nonlinearity [J]. Optics
Express, 2009, 17(24): 21608-21614.

LOKE G, YUAN R, REIN M, et al. Structured multimaterial
filaments for 3D printing of optoelectronics [J]. Nature
Communications, 2019, 10: 4010.

BALLATO J, HAWKINS T, FOY P, et al. Advancements in
semiconductor core optical fiber [J]. Optical Fiber Technology,
2010, 16(6): 399-408.

WANG Zhe, WEI Lei. Thermally drawn semiconductor fibers:
fabrication strategies and applications [J]. Accounts of Materials
Research, 2024, 5(11): 1366-1376.

GIBSON U J, WEI Lei, BALATO J. Semiconductor core fibres:
materials science in a bottle [J]. Nature Communications, 2021,
12(1): 3990.

HAO Yue. The dawn of ultralong flexible semiconductor fibers
[J]. The Innovation, 2024, 5(3): 100613.

YAN Wei, NGUYEN-DANG T, CAYRON C, et al
selenium-core  multimaterial

Microstructure  tailoring  of

(23]

[24]

(23]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[33]

20250022-11

optoelectronic fibers [J]. Optical Materials Express, 2017, 7(4):
1388-1397.

JI Xiaoyu, LEI Shiming, YU Shih-Ying, et al. Single-crystal
silicon optical fiber by direct laser crystallization [J]. ACS
Photonics, 2017, 4(1): 85-92.

JI Xiaoyu, PAGE R L, CHAUDHURI S, et al. Optoelectronic
fibers: single-crystal germanium core optoelectronic fibers [J].
Advanced Optical Materials, 2017, 5(1): 1600592.
GUMENNIK A, LEVY E C, GRENA B, et al. Confined in-fiber
solidification and structural control of silicon and silicon-
germanium microparticles [J].
Academy of Sciences, 2017, 114(28): 7240-7245.
COUCHERON D A, FOKINE M, PATIL N, et al. Laser

Proceedings of the National

recrystallization and inscription of compositional micro-
structures in crystalline SiGe-core fibres [J]. Nature Commu-
nications, 2016, 7(1): 13265.

ZHAO Ziwen, MAO Yujizhe, REN Li, et al. CO, laser
annealing of Ge core optical fibers with different laser power [J].
Optical Materials Express, 2019, 9(3): 1333-1347.
CHAUDHURI S, SPAKS J R, JI Xiaoyu, et al. Crystalline
silicon optical fibers with low optical loss [J]. ACS Photonics,
2016, 3(3): 378-384.

SONG S, LeNSETHAGEN K, LAURELL F, et al. Laser
restructuring and photoluminescence of glass-clad GaSb/Si-core
optical fibres [J]. Nature Communications, 2019, 10(1): 1790.
SONG S, HEALY N, SVENDSEN S K, et al. Crystalline GaSb-
core optical fibers with room-temperature photoluminescence
[J]. Optical Materials Express, 2018, 8(6): 1435-1440.
BALLATO J, HAWKINS T, FOY P, et al. Binary III-V

semiconductor core optical fiber [J].

18(5): 4972-4979.

Optics Express, 2010,

ORF N D, SHAPIRA O, SPRIN F, et al. Fiber draw synthesis
[J]. Proceedings of the National Academy of Sciences, 2011,
108(12): 4743-4747.

HOU Chong, JIA Xiaoting, WEI Lei, et al. Direct atomic-level
observation and chemical analysis of ZnSe synthesized by in situ
high-throughput reactive fiber drawing [J]. Nano Letters, 2013,
13(3): 975-979.

SAZIO P J A, SPARKS J R, HE Rongrui, et al. Templated
growth of 1I-VI semiconductor optical fiber devices and steps
towards infrared fiber lasers [C]/Solid State Lasers Xxiv:
Technology and Devices, SPIE, 2015, 9342: 45-52.

WEI Lei, HOU Chong, LEVY E, et al. Optoelectronic fibers via
selective amplification of in-fiber capillary instabilities [J].

Advanced Materials, 2017, 29: 1603033.


https://doi.org/10.1186/s11671-018-2843-4
https://doi.org/10.1038/nmat1889
https://doi.org/10.1093/nsr/nwae290
https://doi.org/10.1364/OE.16.018675
https://doi.org/10.1063/1.1667277
https://doi.org/10.1038/nature02937
https://doi.org/10.1364/OE.17.021608
https://doi.org/10.1364/OE.17.021608
https://doi.org/10.1038/s41467-019-11986-0
https://doi.org/10.1038/s41467-019-11986-0
https://doi.org/10.1016/j.yofte.2010.08.006
https://doi.org/10.1038/s41467-021-24135-3
https://doi.org/10.1364/OME.7.001388
https://doi.org/10.1021/acsphotonics.6b00584
https://doi.org/10.1021/acsphotonics.6b00584
https://doi.org/10.1073/pnas.1707778114
https://doi.org/10.1073/pnas.1707778114
https://doi.org/10.1038/ncomms13265
https://doi.org/10.1038/ncomms13265
https://doi.org/10.1038/ncomms13265
https://doi.org/10.1364/OME.9.001333
https://doi.org/10.1021/acsphotonics.5b00434
https://doi.org/10.1038/s41467-019-09835-1
https://doi.org/10.1364/OME.8.001435
https://doi.org/10.1364/OE.18.004972
https://doi.org/10.1073/pnas.1101160108
https://doi.org/10.1021/nl304023z
https://doi.org/10.1002/adma.201603033
http://www.irla.cn/article/doi/10.3788/IRLA20250022

% 44 pUR-o o5

SR A ROL S TR S R (i)

% 54 7%

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

GUO Y, JIANG S, GRENA B J B, et al. Polymer composite
with carbon nanofibers aligned during thermal drawing as a
microelectrode for chronic neural interfaces [J]. ACS Nano,
2017, 11(7): 6574-6585.

DU Minghui, HUANG Lu, ZHENG Jiajun, et al. Flexible fiber
probe for efficient neural stimulation and detection [J].
Advanced Science, 2020, 7(15): 2001410.

DU Minghui, ZHENG Jiajun, HUANG Yicong, et al. Closed-
loop optogenetic modulation of neural activities in freely moving
mice with multimodal fibers [J]. Advanced Optical Materials,
2024, 12(9): 2302044

DAI Yi, DU Minghui, HUANG Lu, et al. Multimaterial glass
fiber probe for deep neural stimulation and detection [J].
Advanced Optical Materials, 2023, 11(2): 2202184.

DU Minghui, DAI Yi, WANG Zhen, et al. Multimaterial fiber
detector for real-time and remote X-ray monitoring [J].
Advanced Materials Technologies, 2020, 5(7): 2000302.
CANALES A, JIA Xiaoting, FRORIEP U P, et al
Multifunctional fibers for simultaneous optical, electrical and
chemical interrogation of neural circuits in vivo [J]. Nature
Biotechnology, 2015, 33(3): 277-284.

URBAN G, BOTTINGA Y, RICHET P. Viscosity of liquid
silica, silicates and alumino-silicates [J]. Geochim Cosmochim
Acta, 1982, 46: 1061-1072.

KAKIMOTO K, EGUCHI M, WATANABE H, et al. Natural
and forced convection of molten silicon during czochralski
single crystal growth [J]. J Cryst Growth, 1989, 94(2): 412-420.
OFTE D. The viscosities of liquid uranium, gold and lead [J]. J
Nucl Mater, 1967, 22(1): 28-32.

NAPOLITANO A, HAWKINS E G. Viscosity of a standard
soda-limesilica glass [J]. J Res Nat Bur Stand Sec A: Phys Ch,
1964, 68(5): 439-448.

BRAGLIA M, Bruschi C, Cavalli D, et al. Rheology of fluoride
glasses [J]. J Crystal Solid, 1997, 213-214(12): 325-329.
BELWALKAR A, MISIOLEK W Z, TOULOUSE J. Viscosity
study of the optical tellurite glass: 75Te02-20ZnO-5Na20 [J]. J
Non-Cryst Solid, 2010, 356(1): 1354-1358.

TVERJANOVICH A S. Temperature dependence of the
viscosity of chalcogenide glass-forming melts [J]. Glass Phys
Chem, 2003, 29(6): 532-536.

CHU B, LINLIU K. Viscosity characterization of
poly(tetrafluoroethylene) by centrifuge ball viscosimetry [J].
Macromolecules, 1995, 28(8): 2723-2727.

COLLINS B, SHIELDS J, BUTLER K, et al. Exploring the role

of polymer melt viscosity in melt flow and flammability

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

20250022-12

behavior [R]. National Inst of Standards and Technology
(BFRL), Gaithersburg, MD , 2000: 105069.

KOS "TA'L P, MA'LEK J. Viscosity of selenium melt [J]. J
Non Cryst Solids, 2010, 356(50-51): 2803-2806.

GLAZOV V M, CHIZHEVSKAYA S N, GLAGOLEVA N N.
Liquid Semiconductors [M]. New York: Plenum Press, 1969.
SATO Y, NISHIZUKA T, TAKAMIZAWA T, et al. Viscosity
of molten GaSb and InSb [J]. Int J Thermophys, 2002, 23: 235-
243.

CULPIN M F. The viscosity of liquid indium and liquid tin [J].
Proc Phys Soc B, 1957, 70(11): 1069-1078.

DARGYS A, KUNDROTAS J. Handbook on Physical
Properties of Ge, Si, GaAs and InP [M]. Vilnius: The Science
and Encyclopaedia Publishing Centre, 1994.

ASM Handbook. Properties and Selection: Nonferrous Alloys
and Special-Purpose Materials [M]. US: ASM International,
1990: 704-705.

NIX F C, MACNAIR D. The thermal expansion of pure metals:
copper, gold, aluminum, nickel, and iron [J]. Phys Rev, 1941,
60: 597-605.

GIBBONS D F. Thermal expansion of some crystals with the
diamond structure [J]. Phys Rev, 1958, 112: 136-140.
ABOURADDY A F, SHAPIR O, BAYINDIR M, et al. Large-
scale optical-field measurements with geometric fibre constructs
[J]. Nature Materials, 2006, 5(7): 532-536.

SORIN F, LESTOQUOY G, DANTO S, et al. Resolving optical
illumination  distributions
photodetecting fiber [J]. Optics Express, 2010, 18(23): 24264-
24275.

along an axially symmetric

SORIN F, SHAOIRA O, ABOURADDY A F, et al. Exploiting
collective effects of multiple optoelectronic devices integrated in
a single fiber [J]. Nano Letters, 2009, 9(7): 2630-2635.

WANG Zhixun, WANG Zhe, LI Dong, et al. High-quality
semiconductor fibres via mechanical design [J]. Nature, 2024,
626(7997): 72-78.

ZHANG Jing, WANG Zhe, WANG Zhixun, et al. In-fibre
particle manipulation and device assembly via laser induced
thermocapillary convection [J]. Nature Communications, 2019,
10(1): 5206.
ZHANG Ting, WANG Zhe, SRINIVASAN B, et al
Ultraflexible glassy semiconductor fibers for thermal sensing
and positioning [J]. ACS Applied Materials & Interfaces, 2018,
11(2): 2441-2447.
ZHANG Ting, LI Kaiwei, ZHANG Jing,

et al. High-

performance, flexible, and ultralong crystalline thermoelectric


https://doi.org/10.1021/acsnano.6b07550
https://doi.org/10.1002/advs.202001410
https://doi.org/10.1002/adom.202302044
https://doi.org/10.1002/adom.202202184
https://doi.org/10.1002/admt.202000302
https://doi.org/10.1038/nbt.3093
https://doi.org/10.1038/nbt.3093
https://doi.org/10.1016/0016-7037(82)90059-X
https://doi.org/10.1016/0016-7037(82)90059-X
https://doi.org/10.1016/0022-0248(89)90016-X
https://doi.org/10.1016/0022-3115(67)90105-5
https://doi.org/10.1016/0022-3115(67)90105-5
https://doi.org/10.6028/jres.068A.042
https://doi.org/10.6028/jres.068A.042
https://doi.org/10.6028/jres.068A.042
https://doi.org/10.6028/jres.068A.042
https://doi.org/10.1023/B:GPAC.0000007927.77309.ee
https://doi.org/10.1023/B:GPAC.0000007927.77309.ee
https://doi.org/10.1021/ma00112a018
https://doi.org/10.1016/j.jnoncrysol.2010.09.032
https://doi.org/10.1016/j.jnoncrysol.2010.09.032
https://doi.org/10.1023/A:1013969430449
https://doi.org/10.1088/0370-1301/70/11/307
https://doi.org/10.1103/PhysRev.60.597
https://doi.org/10.1103/PhysRev.112.136
https://doi.org/10.1038/nmat1674
https://doi.org/10.1364/OE.18.024264
https://doi.org/10.1021/nl9009606
https://doi.org/10.1038/s41586-023-06946-0
https://doi.org/10.1038/s41467-019-13207-0

Vol.54 No.4

http://www.irla.cn/article/doi/10.3788/IRLA20250022

Apr. 2025

[66]

[67]

[68]

[69]

[70]

(711

[72]

(73]

[74]

[75]

[76]

[77]

fibers [J]. Nano Energy, 2017, 41: 35-42.

STOLYAROV A M, GUMENNIK A, MCDANIEL W, et al.
Enhanced chemiluminescent detection scheme for trace vapor
sensing in pneumatically-tuned hollow core photonic bandgap
fibers [J]. Optics Express, 2012, 20(11): 12407-12415.
GUMENNIK A, STOLYAROV A M, SCHELL B R, et al. All-
in-fiber chemical sensing [J]. Advanced Materials, 2012, 24(45):
6005-6009.

RICHARD I, SCHYRR B, AIASSA S, et al. All-in-fiber
electrochemical sensing [J].
Interfaces, 2021, 13(36): 43356-43363.

EGUSA S, WANG Z, CHOCAT N, et al. Multimaterial
piezoelectric fibres [J]. Nature Materials, 2010, 9(8): 643-648.
WANG Shun, ZHANG Ting, LI Kaiwei, et al. Flexible

ACS Applied Materials &

piezoelectric fibers for acoustic sensing and positioning [J].
Advanced Electronic Materials, 2017, 3(3): 1600449.

YAN Wei, NOEL G, LOKE G, et al. Single fibre enables
acoustic fabrics via nanometre-scale vibrations [J].
2022, 603(7902): 616-623.

DAVERY C J, ARGYROS A, FLEMING S C, et al. Multimodal

Nature,

optogenetic neural interfacing device fabricated by scalable
optical fiber drawing technique [J]. Applied Optics, 2015,
54(34): 10068-10072.

GARWOOD I C, MAJOR A J, ANTONINI M J, et al.
Multifunctional fibers enable modulation of cortical and deep
brain activity during cognitive behavior in macaques [J]. Science
Advances, 2023, 9(40): 0974.

PARK S, GUO Yuanyuan, JIA Xiaoting, et al. One-step
optogenetics with multifunctional flexible polymer fibers [J].
Nature Neuroscience, 2017, 20(4): 612-619.

DU Minghui, WANG Jin, XU Sijia, et al. Super-elastic
scintillating fibers and fabrics for efficient and visual radiation
detection [J]. Advanced Fiber Materials, 2023, 5(4): 1493-1504.
NGUYEN-DANG T, PAGE A G, QU Yunpeng, et al. Multi-
material micro-electromechanical  fibers with  bendable
functional domains [J]. Journal of Physics D: Applied Physics,
2017, 50(14): 144001.

QU Yunpeng, NGUYEN-DANG T, PAGE A G,

et al.

Superelastic multimaterial electronic and photonic fibers and

(78]

[79]

[80]

(81]

[83]

(85]

[86]

[87]

20250022-13

devices via thermal drawing [J]. Advanced Materials, 2018,
30(27): 1707251.

XIAN Shuai, XU Yong, LI Yixin, et al. Flexible triboelectric
sensor based on catalyst-diffusion self-encapsulated conductive
liquid-metal-silicone ink for somatosensory soft robotic system
[J]. Advanced Functional Materials, 2024, 35(2): 2412293.
DONG Chaoqun, LEBER A, DAS GUPTA T, et al. High-
efficiency super-elastic liquid metal based triboelectric fibers
and textiles [J]. Nature Communications, 2020, 11(1): 3537.
ZHANG Yujing, LI Xixuan, KIM J, et al. Thermally drawn
stretchable electrical and optical fiber sensors for multimodal
extreme deformation sensing [J]. Advanced Optical Materials,
2021, 9(6): 2001815.

LEBER A, DONG Chaoqun, CHANDRAN R, et al. Soft and
stretchable liquid metal transmission lines as distributed probes
of multimodal deformations [J]. Nature Electronics, 2020, 3(6):
316-326.

CHEN M, WANG Z, ZHANG Q, et al. Self-powered
multifunctional sensing based on super-elastic fibers by soluble-
core thermal drawing [J]. Nature Communications, 2021, 12(1):
1416.

REIN M, FAVROD V D, HOU Chong, et al. Diode fibres for
fabric-based optical communications [J]. Nature, 2018,
560(7717): 214-218.

LOKE G, KHUDIYEV T, WANG B, et al. Digital electronics in
fibres enable fabric-based machine-learning inference [J].
Nature Communications, 2021, 12(1): 3317.

GRADINARU V, MOGRI M, THOMPSON K R, et al. Optical
deconstruction of parkinsonian neural circuitry [J]. Science,
2009, 324(5925): 354-359.

LU Chi, FRORIEP U P, KOPPES R A, et al. Polymer fiber
probes enable optical control of spinal cord and muscle function
in vivo [J]. Advanced Functional Materials, 2014, 24(42):
6594-6600.

PARK S, YUK H, ZHAO Ruike, et al. Adaptive and
multifunctional hydrogel hybrid probes for long-term sensing

and modulation of neural activity [J]. Nature Communications,

2021, 12(1): 3435.


https://doi.org/10.1016/j.nanoen.2017.09.019
https://doi.org/10.1364/OE.20.012407
https://doi.org/10.1002/adma.201203053
https://doi.org/10.1038/nmat2792
https://doi.org/10.1002/aelm.201600449
https://doi.org/10.1038/s41586-022-04476-9
https://doi.org/10.1364/AO.54.010068
https://doi.org/10.1126/sciadv.adh0974
https://doi.org/10.1126/sciadv.adh0974
https://doi.org/10.1038/nn.4510
https://doi.org/10.1007/s42765-023-00290-8
https://doi.org/10.1088/1361-6463/aa5bf7
https://doi.org/10.1088/1361-6463/aa5bf7
https://doi.org/10.1088/1361-6463/aa5bf7
https://doi.org/10.1088/1361-6463/aa5bf7
https://doi.org/10.1002/adma.201707251
https://doi.org/10.1038/s41467-020-17345-8
https://doi.org/10.1002/adom.202001815
https://doi.org/10.1038/s41928-020-0415-y
https://doi.org/10.1038/s41467-021-21729-9
https://doi.org/10.1038/s41586-018-0390-x
https://doi.org/10.1038/s41467-021-23628-5
https://doi.org/10.1126/science.1167093
https://doi.org/10.1002/adfm.201401266
https://doi.org/10.1038/s41467-021-23802-9
http://www.irla.cn/article/doi/10.3788/IRLA20250022

% 4 NEF: ZHALCHRATARERERZ ) % 54 %

Research progress and prospect of multimaterial

optoelectronic fibers (invited)

LIU Ying, WU Yihao, LI Zhibo, MAO Jie, FANG Zaijin, DU Minghui’, GUO Tuan’
(College of Physics and Optoelectronics Engineering, Jinan University, Guangzhou 510632, China)

Abstract:

Significance  Optical fiber is the cornerstone of information technology and the foundation for the development
of a future intelligent society. As the core material of optical transmission and photonic devices, optical fiber has
been widely used in optical communication, laser, optical sensing and other fields. With the continuous expansion
of the application field of optical fiber, higher requirements are put forward for the performance and function of
optical fiber, and traditional optical fiber materials cannot meet the increasing needs of people. Under this
background, multimaterial fibers came into being. Multimaterial fiber is a new type of fiber material developed in
recent years, which aims to integrate different functional materials into a single fiber to achieve the multifunction
and high-performance of a single fiber, providing new opportunities for expanding the application of conventional
optical fibers in many fields. In particular, multimaterial fibers, which have the functions of photoelectric
conversion, transmission and collection, have attracted more and more attention due to their wide applications in
advanced optoelectronic devices, optogenetics, smart fabrics, multifunctional sensing and flexible wearable

electronics.

Progress  First, the preparation method, structure, properties and application of multimaterial optoelectronic
functional fibers are reviewed, and the common preparation method, design strategy and working principle of
multimaterial fibers are introduced. Then, the latest progress of multimaterial fiber in the fields of photoelectric
detection, biochemical sensing, intelligent fabric and photogenetic neural regulation is summarized. Finally, the

development prospect and existing challenges of multimaterial fibers are prospected and analyzed.

Conclusions and Prospects In this paper, the recent progress of multimaterial fibers in multifunctional sensing
applications is reviewed, including the design strategies and the fabrication methods, as well as the research
progress. With the development and progress of material processing technology, a variety of functional materials
such as metals, semiconductors, crystals, polymers, glass, micro devices, and gels can be integrated into a single
fiber or fiber array to achieve multifunction and high-performance, which greatly expands the function and
application of traditional optical fibers. While great success has been achieved over the past two decades, the
future development of multimaterial fibers still faces several challenges: One is that there is still not enough
material that can be integrated into the fiber. The most commonly used method for manufacturing multimaterial
fibers is still the thermal drawing, which requires all materials to have matching thermal properties, which limits
the choice of materials to make multifunctional fibers. Second, the functional integration of multimaterial fiber is
still low. In general, most fibers can only sense one physical parameter, while a few fibers can sense two or more
physical parameters at the same time. This limitation may depend on the material composition and the structural
configuration of the multi-material fibers. Third, the intelligence of multimaterial fiber is still weak. The
integration of multimaterial fiber into the next generation of smart textiles can promote the intelligent process of

smart textiles. For example, combining smart fabrics composed of multifunctional fibers with artificial

20250022-14
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intelligence and big data will revolutionize human health monitoring, such as detecting blood pressure, blood

sugar, pH, body temperature, heart rate, etc. At the same time, the mechanical information such as bending,

torsion, stretching and rotation of multifunctional fibers can be obtained. Based on the above data and intelligent

analysis, the health status of the human body can be accurately assessed at any time, which will greatly change the

way people live their daily lives.

Key words: multimaterial fiber; optoelectronic fiber; multifunction integration; multimaterial
integration;  thermal drawing
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