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Q-switched fiber laser with Ti: Bi,Te; of different concentrations

Pan Wei, Chen Hualong, Wan Tiebin, Zhang Hongwei, Jin Liang, Zhang He, Xu Yingtian,
Zou Yonggang, Shi Linlin, Ma Xiaohui’

(National Key Laboratory on High Power Semiconductor

Laser, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: Nonlinear optical switch based on two-dimensional material is the core device of Q-switched fiber
laser. The concentration of two-dimensional material optical switch will directly affect its nonlinear optical
absorption characteristics, thus change the time-domain characteristics of the pulse. Therefore, the influence of
two-dimensional material concentration on Q-switched optical pulse was studied, and a saturable absorption
optical switch based on Ti: Bi,Te; with different concentrations was made through experiments. The influence of
Ti: Bi,Te; concentration on nonlinear optical absorption characteristics was analyzed, and the relationship among
the modulation depth, pulse width, repetition frequency and single pulse energy of Q-switched optical pulse with
different concentrations Bi,Te; was obtained. Finally, the Ti:Bi,Te; concentration was optimized for the resonator
parameters. When the pump power is 71 mW, the central wavelength is 1 560 nm, the pulse width is 8 ps, the
repetition frequency is 14.2 kHz, the average output power is 2.15 mW, and the corresponding single pulse energy
is 151.4 nJ.
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0 3| 151.4 nJ, ‘P P)5H 2.15 mW,

FeLFHOE S T HORR TR RS e . At 1 BiyTe; RI{AFNMRMAT 16 & 5k
SEHE S, ) N TR A AR R R is W, [ &

AR BEBhE Q O ERLEUM Q W EE
2, BT AR (SA) I A BIEOGIE N, I P IE AR
SRR SRR RO v F 51 . BT, T4 b T
Tz AT AR R 2 R A T R R A B
(SESAM), H:A S 78 T VR M IR | 10 AN 2 5 S 500
WA, B AR E PR RS B0, {H SESAM MR Wi i
& HIET 28 2. firks & 5t 0 57 2 5 5 n R4
N 2= R R R T SESAM FY R H o AT
K, AT Z 2 b BHE LM 2= R R R IR A, Bk
BEMPRE (BRINARAE | B BB AMESRIRED
292 R TR sh i Q JeLr ot ER U el
OKAG ) % T B A, TR 2R, AR . (H3Z 3
TR BRI, B KA HRE AR WK AT mT IR A A1
F o A B — i Z i B 4 Uik BRSO bR R, A Fy
THBITER IRIC R, P0G E B0 B AR,
ORI, BEEEA SRR R R IR,
BT BRRE ALt 2 E , 0.3 eVUIRZEHE) 8] 2 eV
(PR, PRI Y i A e e 17 R A A SRk 0
B LM LM S AR R (E T R
Tl (et AR 22, R T R R IV T o #hi A 2%
A& (topological insulator, TI) P&l H: HAT {1 Floi i | 58
P B AR LR AMEMR A, 2 48 B 0 A5 O T e )Yz R
TI BB A B M 0.2~0.3 eV, 4 K /N T 4.1 pm B,
TI 14 PN ¥ R A 50 2 [m] R 0 S 0, il K KT 4.1 pm
I, TI MO . P, FhFh s 2ROk 4k Be Y
A WCAE R, S — ol R 5 A MY b ORL . i Ak B
(Bi,Tey) TE MR IN A Gk 2 —, HEITAE 1 . 1.5, 2,
3 um SE U B S BOGEF OGS Q kb th P, R
SR R MR B TI:Bi, Tey AT AR AW IS 1A 3 Q Sk o
F18 52 M ) B A 4123

PR, SCHr A X TLBi, Tes e 22 %8 Q Y6 ik i i)
MATF RIS . R AIKIESI# T BiyTey 0K,
H4 AN [ 5 2 1) BiyTey 44 K 3420 43 OB IR0 12
FH L 2T 4 R 4l (NaCMC) H il il B A AR BiyTe,
8 AT AR R SO T G, I3 B A OG g PR i o
FFEAS [ e B 2% 18T AT AR R A T 56 5 ok o 5
HAEMURFE RN R . B, R IRIE S5
Xt T BEHEATORAL, SE30 T Bk vh 56 B 8 ps. EE A0
KA 14.2 kHz 19 8% 2h I8 Q St ik by th , ik o g 4>

23R K #3451 BiyTes, T A 70 00 B 154
oIl SR EEZGAANEE 1 R .

& 1 KAG AT AR
Tab.1 Chemicals of hydro-thermal synthesis

Chemical

Name of reagent formula Dosage Effect
. . 1.5
Sodium Tellurite Na,TeO; Reactant
mmol
Bismuth chloride BiCl, 1 mmol Reactant
Poly\{myl PVP 100 mg Surfactant, reducing
pyrrolidone agent

#4100 mg PVP JillA 40 ml Z P rh bt PR A, 1K
YN T R 9 AN AL B AR W, Fe o e dE, iR
WA B RN 2, SR 5 AHERE, 180 °C [ 20 he
R W QBB R 3 IR, KRR —
B K AR AR A I 60°C Mt T 15 3 BiyTes ¥ K .
El 1(a) & H AFM 3R T Bi,Tes MR B, MR 7] LU
E e IR Y B R 11 nm 2247, BRI AN 45 SR AT 40
ERE S B R B D . [ 1(b) AR XRD (X-Ray
diffractometer)[JCPDS NO.15-0863]) 1 M i 45 5%, 7&
015 10015 A I FREIE, B/ il £ 19 BiyTes 44K
WAk T R ACIRAS o FREL 2.5 mg A9 BiyTesh A i A
8 mL [ NaCMC i W v, i 1 8 75 (1 15 WOR & 38
Ao P AR B WO AR SR 3 b, 60 C Mk T 75 2
Bi,Tes AI I W U {4 i) 8 1 . R 49 0% 0% B 3
(Spectrop-hotometer) X iil] £ & A9 TL:Bi,Te; Y6 H ¢ 3
FTEM IR, S T e NaCMC A3 38 5L H X6 12 i
Rt 52, S258 53 B 48 A BiyTe; 19 NaCMC i i
342 BiyTes () NaCMC #4735 i 2k, #E47
T, Z5 R NE 1(c) Frs, 204 0 4l NaCMC i [
B2k, B RN BiyTey 19 NaCMC 3 545 5 i
2k SEYG I BiyTey XTI BEAE 400~2 000 nm i 4
MO A Wl . R A4 B i BUBE (Scanning
Electron Microscope, SEM) W% il £ F£ i 7Y 3% i T2 51
WE 1(d) Firzs, Bl 45 0 BiyTey 29K RERIR 0 SN
WIEIEAR, D6 BEAE 400~500 nm 22 A7 EL AT LA I b 0L
FE B AR FORL T S, Uk 5 U 22 8] ¥ AT R I AE —
i, e B BT il 4 1 b L AR g 1) 245 R A3 801
&l 1(e) 7R A BiyTey YT MR & 2] FC JLEF i1
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(c) Bi,Te, M4 titidd R

(c) Full spectrum transmittance of Bi, Te,
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Fig.1 Characterization of Bi,Te; material

ST TR R BiyTes M ROETF 6, IR H:
Vi X Q Sk vk R, Ay BIBRIL T 2.5 05 L 7.5,
10 mg 19 Bi,Te; ¥ K I 43 5l il A 8 mL ) NaCMC
VT, BRI R A R A 5 . I v T
A b, TS B A 1.5 mmx 1.5 mm 3§ R,
PV 22 B OGO h o S T RAE BiyTe; ¥y
SRR X VAT B T S0 DG 3R, SEBRHeT H T e

B AN [V B 1) BiyTey YT 5 A AR £ 14 175 S il £k it
Fria, SCH e AN 2(a) Bt THEERNHEOE
U5 el F Y Bk h R G AR O B (B RN
31.4 MHz, FL0J K 1558.5 nm, [k 58 5 4 500 fs),
T3 Bk o 28 O A, 3 dB A AR 35 4 3
Gy P AN R LT MR 0 . B — Ao
RS, SR DR A M, 0 — RO E A S
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Ftl 5 — I FTE B B & [F2D I e AR
B 3 Jok o B, AT DA O R ARG D 1R 25 o 3 S N
TR, AT LIS B — R A D3R S A YR
b o 075 A AS 6] 4k FE BiyTes v K 6 355 G 5% il £k 40
E 2(b) FT7R, 7F 2.5 mg/8 mL~10 mg/8 mL F) ¥k i iz Fl
M, BEE GIF MR BE A 3G I, AR AR FE B 10.9% 1
INZE 29%, VA R i 4.4% BN % 6.2%, X &N
Fr MR e} rh 2R T S AR 20T ' e R s Rt 7R 43R D
AR, BB AR ER b, AR B BRI T AR
KB FRESFARER Laedrh; 5 A0, LhgY
18 288 T (] B o] A R R T A it B B = A R, AR
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Fig.2 (a) I-scan schematic; (b) Modulation depth of different

concentrations

2 EWHERREWEL

SRR A AR O ER S AN E 3 FER, TR
K1 976 nm B R 2 TR % #% (LCIXU400-74P,
T-1V), £ Kk H 2R 400 mW, 38 5 980/1550 nm i
5358 4 (WDM) B8R G HEIE N . 3 45064 R
B ZRBEDELT (Br 80-8/125, Liekki), K& 4 40 cm,
A R 32 000 fs?/m. i Pk TG JC R # &% (PI-1SO) 4
WEJCHA B o K B Tes JEIT I B AEEET FC
Sk b, il a2 2408 BiyTes ST OC B 106 b, fif SA
R 58 TEOCEF RO R PRI s v, WOt A RS 5 el
90/10 FHE - i i 1, O % v 19 O 41 285 vl 3 O 41 425
Tl 2 AT, B A Ry 7.6 mo 43 SR F R A
(KESIGHT, DSOV084A) A% (YOKOGAWA, AQ
6370D) Xof S ik i 1) B 3 RS R4 T 4307
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Fig.3 Experimental system structure
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BiyTes il fF 1) SA WIS Y IR, Y 1 B0 T e 1
1 Q Gk vhiiy i, UESE T I Q Bk i th 2 BiyTey
(Al et S SRR PR SE IR . &1 4 R 7E 4 AR T
WS BiyTes 200 T, it Q kb bi bk B AT DI R 11
KR

BT ORI B Ti: BiyTes YA 18 Q SL5 v ik b
96 B BE AL DI 3R A A OC R ANE 4(a) B, I8 Q B
Wi BiyTes e B 4 55 1 A, I8 Q D't ik vl 5 Ji8 B
S A I I o X2 TR AR A i
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T 2 R, AR e ) AR B S, SRS
B 22 KL 7 S % N ] PR, PRIk, e i e bk ol
FERE A A . [ 4(b) AARIR BiyTe; E R HE
A A I RS AR A OC R o AR S 2 2R T
4 ZH 7 ) e T2 1% T S 00 48 0 o % 4l ) 3R T R
Xl T BB Q YL O AR By BLAL R . ST
FRPYHG AR T Gz AR, BB IR S kLT
BORR BRI B AR, i T 3k 3 B R e B e
(], Jok b ) 982 S o T h 7 ) 406 06, AN B[] P B A
B 0 Ik R SR 3, BRI 0, S R H Y 20 R B
AL R A B A K . K 4(c) RN R R BE T
Bi, Te; ) G 1Y - 24 Dy 38 B A8 1 T R i A2 AL G & o
HRAf S g 45 R T A FEAR R Y 71 mW 22 D)5 F, &
H A A EE 435000 036, 1,23, 1.374112.15 mW,
A LA 3T RRWE TL BiyTes Yo LML 50 o,
fi 13- 249 Ty AR B SR D AL SR e R N . X 2
TAER] —F SN, ViR B KA AT AL R A ik, A
R BE AR K, JF S BE 3G o, mT LA Y o)) R 14
I, FEOE & 005 R s, ] LAARAS B R 1 T
o B A(d) RN TR) R BE 2 ) H s 0 B0 ok i e o i
IR AY AR o ARG S48 R T, 46t A% B ik
T RE T B 2 T ) A 0 1 T8 K, AR [ S 2 R
T, R BB R I BiyTe; Y TF G AT L3R A 5K 11 54 ik

PhRE R o SCILTE Q Wk w1 1 AL v 2 R B
Ti: BiyTes GG B B2 3G R/ o X 02 i TG
Vi JEE BN, SR R AR B AR R, FITLA, BES R
o V-2t B T R AN Bk e R i, DN SR Q ik i
B E R R 18] 4(e) i Q B 5 Mk L Z [H]
MIOCFR o I SEIRZE AR A Q Jk i s i o (B Dy 5
Bifi TI: BiyTes Y O (M BE 38 KT/ o (ELB 45 2 T
TR 56T U B (A2 Ak 30T N, 5 7E 10 mg/8mL
WP ARSI K BiyTes IR IR, 23 ML Q AV Fa
SEBG, HER M BA T Q bkibdaith . X2 FHhR+h
2t G U AR RS AR H A AR A PR RS B L i eI
A TR RIS B AR AR O A8 TAEAE S D) Fem, 9 Q ik vh Az
AR EH IR e, MR S5 50 X AN R) vk
Bi,Te; ST S HEAT B SL 5045 S AT 1, £ BiyTe; WREE N
10 mg/8 mLHF 75 FI) (14 56 ik i 58 B fe /Iy, BR ok o e £ fie
Ko TERMIHR N 28 mW i H LR & 1998 Q bk v,
AL R AW IR E 71 mW, I Q kK K figfa &
B o FeZM SRR A AN S TR, Ok ek g
8 us. HE K 14.2 kHz, Sk oh 0K 1560 nm,
3 dB i ¥ 1.4 nm, P T A 2.15 mW, X L 19 B ik
hfEE R 1514 nl,

35
— 25mg/8mL n 16 F — 25 mg/8mL > 2.5F 2 5mg/8mL
230} \ - 50mg8mL | = —~ 5.0mg/8 mL 220l — 50mg8mL -
S 25+ - 7.5 mg/8 mL 214t - 7.5 mg/8 mL B — 7.5 mg/8 mL
g 20 & — 10.0 mg/8 mL = — 10.0 mg/8 mL % 1.5F — 10.0 mg/8 m, —
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Fig.4 Characterization of laser output changing with pump power
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