% 43% F 4H1/2023 &£ 2 B/REER
k2 % IR
ZE

B 5 Tm™ N YOR L% B 2.0 pm e fie

WE5E

ka B AL ZET, KRR FAE, 547, HTE
AU LA T SO TR R L R T CRSREOR ) 2 e, TR B AT 2100235
o [ Bk B LG SRS B ML I I DR O on R S S, 1T 2018005
R B S AT Y B O i AR BE, WL UM 310024

WE WEBRaIOT gtk feiag VIWGRER 5T 2GR RGEM S, & H AT 6LF OG5 % O B 18 354 i
TR 5 D e i — PRI (<C220) o R I V8 G 08 e T R i Tl e 285 T2l 46 7 T 4B 4 M J8 hy 8. 29X 107 em ™ B 5 ik
ADLES  IFRAE T HOGIEERE o SR FH I R IR g R R TR 4 pm AR R 125 pm B A 3T =
RIS JCWEOE L U AT B . R A A LR s 2 0, DU A IR A B 8 Tm™ 4 3 6 27 4 Sy 18 25 4 i, 35 ml Sl
1947 nm OGO CEME LR 70 dB; ML KIE R 4.6 e I, BFRFCR EIL 14, 1% s 58 T BG4k as, il
/M S 25 A BN 0. 48 dB/em o WFFT 45 R R0 208 BUE4F il 4 5 1k ] Ry i vk I B 48 A e AR R ik ik 42
PR S HLAE 2. 0 pm B B i E AR AR S SR O6 AR B LA

KER  WOLH: JLLEOLE Tm' B A SOLLT s WEIRBEREE s M Al

RESES TN244 XHEFRERL A

1 5l E

2.0 pm P B WOE AL TR AR H (1.7~
2.1 pm) FLACHR %2 4 B (1.4~2.1 pm) , 76 K< il
& VO B DL K A ) B 2 A5 S T 12 W N
S 2.0 pm Y BEEAARHOL R R R AR M
AN VR PR M TR B SO TR R T A R AR
JEE A RO IR Tz k. Tm”
B 2R o3 K G R AR5 2.0 wm O 1 T 25 AR
BT, T Tm’ B0 A0 24 53 8ot ey
AT T 2.0 pm P BB . Hrh , 24 3R T
D IRV N e w2 7 32 = B e 1R TN B
SN p G A eaE I BN o3 | NSE N 3 R V2
Oy BIAE B IR R R RE IR £R AR AR B I T A 4k S B T
Tm® B 249 M 8. 0X10° em *H18.52X10% cm *1y
FIB A LR AE 1,95 pm AR 34k A T 3.6 dB/cem Al
1.7 dB/cm 34 25 . SR, BT3B AL A U
Jik 72 BAH 25 30K, 22 4143 BRI O 45 R B S0 2 ] 1)
I 42 PR e 5 CHL 0, 22 PR

Wi 148 22 A 9 BG4 5 0 SO TR AR R 4
MU ARG GE ] 28 T 200 DL SE AR + B 1 1 i Ik
JEB A, 2019 4F , Lu SR FH oo iF 14 Ak 2% SR D0 AR

DOI: 10.3788/A0S221413

(MCVD)ZE G AHB 22 1.7, 78 Tm/Al 3L 45 £7 95 3k 7
RSl T AR 5. 66X 107 em PRI 2Rk, H Tm®
BRRESCRENZ A BAH AT 2505, BT
43 A 2 A PR S (DBR) 25 44 Y 5450 3806 4% T £ 1]
B39 25 G LR A, B Y Tm® B 2 e B R3IE 7O 2 X %
T8 AT AR W s L R AT ) 3R e o B, AR
BRI REMBOCERE . M 2. 0 pm P B BT
g U — R R TR A DB B L B ARk
BE A T AR SR IS o W IR BE I (SG) ik ] 5K
05 A5 1 87 B0 VRAH 50 N SRR T 4 51 TR A 3 3 oK i 4
G RN A LAy TG W, T A A 0 B R P SR R B
Tor Tk B 518 2% DT A2 B K EEAF 58 N B
K. 20194, Xia 25Ok FH SG A ME R T2, )
il 2% YD e i 15 2 vk B (BT A A 43 50 R 3096 1
75 W A0 ik B B R I 5 2020 4, Xia 85 65 A 4 KRN 4 il
FrHE T2, BTl & 1 YD 18 22 Wk (& 0 80 i 3k
5.7% W A B LIRS T 6 5 M ko 70 dB Y
1. 03 pm Ot o

A SCEF R HORTAE 2.0 pm 5 BT O oo S B
A B AR B B T’ 48 4% Wk B AR A9 ) &2, LA OF 6 iR
TR (TEOS)ME M ik U5 L ALOLAE S 7 5 BY 35 % 25 18 1l
A La,O.4F 2 43 80, A8 14 15 5 M B8 o 1ok R0 0

Wi HE . 2022-07-04; fEEHER: 2022-08-30; RABH: 2022-09-19; MKEEEZHE: 2022-09-29
E4WmBA.: EFHRFFFE4T FH (62075099, 62074082) A 4 ) i 5 ( 2021 41 305, 2021 4k 398)

BEIEE . ‘weiweil@njupt. edu. cn;  “sdycll@siom. ac. cn

0414001-1


https://dx.doi.org/10.3788/AOS221413
mailto:E-mail:weiwei@njupt.edu.cn
mailto:E-mail:sdycll@siom.ac.cn

435 E4H/2023 F£ 2 B/REEIR

P T2 M2 A, R BEl H Tm® B8 24 W & ik
8.29X 10" ecm WAL LB TR E S LA
A3 Bl R R A A 2SO ) s O £F R AT TR 25
A H , M S BF 28 07 e TS5 180 A Bh T HESh i 1 25 11
BRI — K.

2 SN
2.1 HWEEREFHFH &

R 4y it 2. 3Tm,0,-3. 4L.a,0,-8. 6ALO,-

85. 7Si0, (£% 20 43 1 I () B0 I & o 5 AR W i i 1=
SR 4R 2.3T . LAaliE R 99.99% ) TEOS A
REVR , LLAS R 5 K & W8 X 51 A A B Ak, o4l
R Ml 3 ok K R A RN A G B IS . R RAE
2305 B 38 19 06 1S 1 6R L OR A R R EORE A A L R A I

iz 5% J5g 12 R R L B 5 T2 o B R R R A B A B L B
il & T2 WMB S5 k[ 15] 0 5 5 38 A &
A T BIF B A Y R B R 2 mm Y BE ES O, Ok
M

APICLF Bl & T 2R WME 1 in. ¥ohEh
1130 pm G488 130 wm 5 A1 95 B 4045 10 — i i A 155
M b, 55— 5 LS IR H 34T 30 s Al UE B
T 40 N BEBE IR S BT 90 “CHI I T 482 30 min, 5 5
25 T I VR S AL TE B2 P R M B B A o E O, R
A1 1050 °CF #A44b B 30 min; 1 A% 8% 3 1k )5, % A H A<
R4 42 B Laser Master LZM-100 CO, #0645
R G ET s AL IE AT L HE L A7 0 0 4 — IR
J& A& A 500 pm, 22 TR B HE G A5 B AR 125 pm
SR A um BB Tm' A gL Ef .

(a) silica tube (inner diameter of 130 pm/outer diameter of 1130 um)

ﬁ=-

highly Tm?**-doped sol

(®)

vacuum pump

* 90 ‘C-dried

e, ===

[} Srr———

taper waist
I outer diameter:

1050 °C-sintered

(©) 1 500 pm | e COTE diameter: ~4 um

non-tapered tube
outer diameter: 1130 um

N\

outer diameter: 125 um

————— e—

“—>'

UL 50 T 0 PN I T A R 75 T 38 4 DG 21 7R BT o (a) B 5 () R b T 5 (o) 4 il — Wk o

Fig. 1 Schematic diagrams of highly Tm’"-doped silica fiber prepared by coating on inner wall of silica capillary and tapering.

(a) Coating; (b) heat treatment; (c) secondary fused tapering
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Abstract

Objective  The 2.0 pm-band single-frequency laser has the advantages of narrow linewidth, low noise, and good
monochromaticity, which is widely used in many fields, such as precision measurement, spaceborne lidar, and high-
resolution spectroscopy. Compared with multi-component glass fibers, the rare-earth-doped silica fiber is the core gain
medium of fiber lasers, which boasts stable physical and chemical properties, high mechanical strength, and easy system
integration. However, it is difficult to achieve the high-concentration doping of rare earth ions by traditional fabrication
processes. There is still a gap in the doping concentration between the reported multi-component glass and the silica glass
prepared by mature modified chemical vapor deposition (MCVD) combined with the liquid-phase doping process. Used in
the short gain fiber for single-frequency lasers based on a distributed Bragg reflection (DBR) structure, the highly Tm""-
doped technique ensures that the fiber has higher effective absorption to the pump source and a lower laser output
threshold, which 1s more conducive to improving the laser performance of the system. For the high gain medium of
2.0 pm-band single-frequency lasers, how to further improve the concentration of Tm®" in silica glass becomes the focus of

this paper.

Methods We use Tetracthoxysilane (TEOS) as the silicon source, Al,O, as the network-forming body, and La,O, as the
dispersant of silica glass to prepare highly Tm’ -doped silica sol. Firstly, the high silica glass with the Tm*" doping
concentration of 8. 29X 10

20

em™? is prepared by the sol-gel method and high-temperature sintering technology, which has
good optical quality, and its spectral properties are characterized. Secondly, the sol-gel coating and melting taper drawing
methods are combined innovatively to coat the inner wall of the silica capillary tube. After the film is heat-treated and
tapered step by step, the silica fiber with a core diameter of about 4 um and a cladding diameter of 125 pm is prepared, and
the doping concentration of Tm"" can reach as high as 8. 29X 10" ¢cm™* in the silica fiber. This highly Tm®’ -doped silica
fiber could be easily fusion-spliced with commercial passive silica fibers. Finally, an all-optical fiber laser system with a

DBR structure is built to test the laser performance.

Results and Discussions The physical properties of the highly Tm* -doped silica fiber are measured, which shows the
element distribution and the refractive index distribution at the end face of the optical fiber (Fig. 4). The all-fiber short
cavity laser system (Fig. 6) is independently built. The 808 nm laser is used to pump the highly Tm*"-doped silica fibers
with different lengths of 2.3 cm, 4.6 cm, and 6.5 cm, and the highest slope efficiency of 14.1% is obtained when the
fiber length is 4.6 cm. When the pump power is 250 mW, the optical signal-to-noise ratio (SNR) can be about 70 dB
(Fig. 7). The silica fiber with a length of 2. 3 cm is selected to test the gain performance of the Tm* -doped silica fiber.
When the seed source power is —9. 34 dBm, the net small-signal gain coefficient is 0. 48 dB/cm (Fig. 9). Meanwhile, the
loss coefficient is 1.22 dB/cm at 1310 nm, and the absorption coefficient of Tm* -doped silica fibers at 808 nm is

2.56 dB/cm. The data indicate that the input signal can be effectively amplified.

Conclusions In this paper, we fabricate highly Tm* -doped high silica glass with a concentration of 8. 29X 10” cm * by
the sol-gel method and high-temperature sintering process. The highly Tm* -doped silica fiber with a core diameter of
about 4 um and a cladding diameter of 125 pm is also prepared by the sol-gel coating and double melting taper drawing
methods. For better laser performance of the highly Tm* -doped high silica fiber prepared by this innovative process, the
follow-up work will be carried out from the following two aspects: the composition control of the core glass and the
optimization of the coating process. In terms of composition, the glass with the best fluorescence can be selected through

different components. In terms of coating technology, the film thickness can be designed and adjusted, and the core size is
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adjusted to achieve better NA and mode-field matching when the silica fiber is fused with passive optical fibers.
Meanwhile, a 789 nm source can be selected to further study the performance of fiber lasers. To sum up, this fiber
preparation method has the potential to realize highly Tm* -doped silica fibers, which is expected to be applied in 2. 0 pm

single-frequency fiber lasers and passively mode-locked fiber lasers with a high fundamental repetition rate.

Key words lasers; {iber lasers; highly Tm’ -doped silica optical fiber; sol-gel method; melting taper
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