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Abstract: By removing the sericin from the silk fibers using Na, CO; solution, bio-fibers in diameters of
5 ~15 um were fabricated and their morphology was observed using SEM and TEM. With the method of
evanescent wave coupling, red/green/blue light at the wavelength of 671/532/473 nm was coupled into
the micrometer-sized silk fiber-based optical fibers, followed by the investigation of the waveguiding prop-
erties and measurement of the optical propagating loss. Various photonic devices, including2 x2, 3 x1,
1 x4 and ring structures, were fabricated using the silk fibers. Experimental results confirm that the silk
fiber-based bio-optical fibers exhibit good flexibility and surface smoothness. A propagating loss of 0. 78
dB - mm ™' was obtained for the green light at 532 nm guided in the silk fiber with diameter of 9. 0 pm.

Key words: optical device; micro/nano bio-optical fiber; evanescent wave coupling; silk fiber

W VDT R, SRRV TE R
TR T2 f A F I R T AR My sk 2 B — A
WFTERAT o ADELT R T2 1 — S EL 2T
GBI, XA R . AT AL
T 98 D6 £ /9 B 25 BF 90 1E 32 B O B2 1 5%
FY L BRI E AL, B R

+ YA HEHI: 2013 -01 -05

MIHLARERE . Jee sk A A
PRI T AR R AR B TR ACRE R R
RIS E . 22 22 3 o BA TR 1
FOLtERE, AT RUADREIVRE YL A2 15
HI 22 RN 22 Z A R 22 2 T IR 25 A 8
MIECIRE BT, EEARZNIERIERR, KT

EEWB: g mSER A IR gim e (1215 -03)
EEREN: &% (1963 #£4:), B, Bl#F%Z; E-mail: jgw63@ sina. com



553 & A FHEZHIERROROC SR 7

BT, TSR, 2FZ 294 REOR, 2
HAYR > FIREELL B - T BB XM, AT
K, FESIIABE H R E . 2R E A H 18 M LR
M, HAREEYEMEE, SURICEE . 3
ORI E R, BB LR fd, LR A
IR TCRERIER, XTI RR . A ARG
BREBEER, EERNSEEERIK, E2EHT
o2 R VEA LR, fEAEY B USR] T H
I MR fet, 32 IE Tufts K2
Omenetto ff 55 /N, B 7 22 A L 2 K 1,
FIFA AR 22 56 O A T 4 Fp AR 9067 a8 4. i
Parker %0 W % 22 8 (1AW BE— M FLER R 5
pm FOTEST R, R S R R g TR 2
HEAWW (T FEn=1.54) & “5” 7EHH
BIE (FriFEn=1.52) L, BRTEWHEEL
W't o TR 22 TIEAN 4t~ oo 2t I, Manoc-
chi %2 SUR I RIVE T — 4B YR & W7 TG
S GiER, AYE AR IREIEEY LT
P, REARGFI SRR, [RIEE AT e R N
Fefie, RASRAYDCTFAERAR AR, (B H AT
FIVER I SRR, TEBE s, FHEER
VETE /NS RS IR 36 i A= Wi 5, I AARSC
AT T 3T 22 4 A VEROR A= e d (R 1 SE 38t
o

I SN k(e

TR E 1 (a) FroR 24 BORCE 76 TR 4
B0 0.05% () Na,CO; 7K H 78 30 min, T
EE TR, HEE R, M eERer, %
JE BT, FERS, AT R SEI T ) 2 B R A
227 4E, WE L (b) Prn. A BT 5
W2z, A2 K B K2 30 em, HARTES ~
15 pm Z[A], $7ifiHn =1.557 6, KAt R &
2[R A WA S B e 28 b, b2 a4
225, FAHAHEF RS (SEM) FE §f i+
BHEE (TEM) WA 221 SR IE, Wi 2 i
No

B2 (a) S5 T DUMRPATCE M 22 47 4E 1
SEM[E; [ 2 (b) b (a) H/NHRERRS; 19 R
SEM [&], #2ZAHEMEAEN 12.5 um, F5RFW 4
ARERMDEN . HEHA; B2 (¢) HMMRIF
He A 22 SEM [, 72 245 AR5 512 10.2
pm Ff19.9 pm; K2 (d) H—HREZE 1.6 pm &2
BATHEIR SEM ;. K2 (e) NP AR5
13,3 pum FI 11,0 pm [ 7 22 4 41 25 — &l 1) SEM

1 Sesp TR 2t (a) mAH) SR s
(b) ZALB G373 BOIR A 22 21 4k
Fig. 1 Photographs of the silk  (a) For raw silk;
(b) For the silk fiber after process

Bl B R uiWd 22 A RAFZ#ME; B2 (f)
NELZINESE T s (TEM) & fr, ezt
HEEARN 2.2 pm, FRFURCEW & 22 i+
or¥s), JeARB, HARWTI0e . kst
BB R, BB L B 2 Y B A RAF R
REFIR DL, HARPMER MR .

K2 ZezpfESiRAE SEM & TEM &
Fig. 2 Morphology of the silk
(a) ~ (e) SEM image; (f) TEM image

2 SEE
RGPS A 1T IR ™, s 5 AR

KA 22 3 A KO i A T AR Si0,

TELF R HRAORIRHE, FR oK A 22 I s ]



8 R E e (HARBHERR)

552 4%

FETEPTAN 2R b A GR35 426 Si0, flian 2
TS SEI A 22 247 4k, BT VA BRI T Y
YER, PEWRITE S AN a5, #
K H SO, MIARHERDUE TS BRI 22641
S, A =R R G 5 B CCD W4
2RI O, KRR B L B AL
135307, RS RGOk ROk 78 22 647
()% T

SEEROR T = OO CRE G B e 22 £ Y
Hr, G 3 s, K3 (a) R SIO, WMADEHES B
R4S wm WELAHES 0, FEmRkK
671 nm LG B2z 2F4erp; B3 (b) K
Si0, ANEHE R S FEAE AR 4.8 um #2242
b, Bl 532 nm ERE T AR Z LT 4R K
3 (¢) NSO, MADEHES HEARNS. 2 pm A 2227 4
TN (B SR AS AR 6, K N 473
nm [T AR LRSI R R

K3 Si0, WAL S &2 4E LRy Ul A

Fig. 3 Different methods for coupling from

Si0, microfiber taper into silk fibers

Bl 4 245 7Ot A RER I R EIA, Ay
CCD REFIFDLAIA . FIH—AOCHER B 671
nm ZDEME B —FKEN 1 em, HEN 12.0
pm (T2 2P 4Erp s SR, ZDOGREARGF 191 7
w2 b fei. B4 (1) - (3) B/RZtid
2z i M N EIC R L s AER 4 (4) - (6)
H, TR R 2 LR AR TE S |, R R
TTRDBE MR A5 S 1, W 22 3R Ml A £06pt
ike; mik TE4 (7) - (10) AFER—Fm,
Lgh =4e i) CCD iR, e [A) B AR i K
ERED R, KBUSERZ N, HAed

22 YR i S B — OB . MOGHERS &7 & 2R
Ui, LR N 2.5 mm, $EE R K ET
BTN T OCTE TR 2 4 A AL i i IR AR .
5 5 TR N 532 nm [ GEGTE A 22 21 Y b L
FRuDCEHERE, HAPES (a) HHIZRLAE
h, ES (b) RGeS vl & )
BN 532 nm EOETEHAE 9. 0 pm [ R 22 £F 4 rp
AL HRFE R 0.78 dB « mm ™',

dimensional
control system

q =
\‘\/Q") 8 4 PC
10
1 5 2 3 4 5
100 pm i ™ i f & %
7 8 9 10
\ 1 f Focus positlion
OSBRI || =t position  [Focus position

K4 Zroz 2T ARG I RERS I 52 5020 s B
fE (1) - (10) KR CCD REF L= A
Fig. 4 Experimental setup for testing the optical
properties of the silk fiber. Insets (1) - (10) are

the optical microscopic images captured by the CCD camera
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