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Abstract In recent years, ytterbium (Yb)-doped large mode field photonic crystal fibers have attracted significant
attention owing to their applications in high peak-power picosecond ultrafast laser amplifiers. Herein, the difficulties
in the development of Yb-doped large mode field photonic crystal fibers are briefly analyzed, and the research
progress of these novel fibers both at home and abroad is examined. The preparation methods and optical/spectral
properties of Yb-doped silica glass mandrels used for Yb-doped large mode field photonic crystal fibers are
summarized. The preparation of large diameter, low NA ytterbium-doped silica glass mandrels, large mode area Yb
doped photonic crystal fibers and their applications in picosecond pulse laser amplification at the Shanghai Institute of
Optics and Fine Mechanics are then discussed. Finally, the development and application of Yb-doped large mode
field photonic crystal fibers are summarized, and their future prospects are detailed.
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Table 1 Development of ytterbium doped silica fibers using sol-gel method
Mole fraction Fiber Core Laser Average Peak )
Time Composition M* Reference
of Yb,O3/%  type diameter /um system  power /W power /MW
2013 Yb/Al 0.3 PCF 30 CW 6.8 — — [22]
2013 Yh/Al 0.1 PCF 90 CW 81 - - [23]
2013 Yb/Al/P 0.05 PCF 35 CW 35 — — [53]
DCF 35 3.2 — 1.3
2015 Yb/Al/P 0.035 CW [57]
PCF 50 46 — —
2016 Yb/Al 0.1 PCF 105 MOPA 255 1.2 >10 [54]
2016 Yb/Al/F 0.05 DCF 50 CW 8 — 1.1 [20]
2017 Yb/Al 0.1 PCF 100 MOPA 310 1.5 5 [59]
2017 Yb/Al/P/F 0.075 PCF 50 MOPA 97 0.093 1.4 [55]
2019 Yb/Al/P/F 0.09 PCF 50 MOPA 272 0.266 2.2 [51]
2019 Yb/Al/P/F 0.15 PCF 75 MOPA 102 1 2.1 [60]
3 T 2R B 25 R R I B Ay R ERN0.15% ) AL O,-P,O,-SiO, BB X, N T
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(a) Absorption spectrum; (b) emission spectrum
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Table 2 Characteristics of Yb-doped silica glass rods with different compositions

Core glass  Glass forming ability Homogeneity Refractive difference Spectra properties Reference
Yb/Al Easy 1x107" Far larger than pure silica glass Good [22,52]
Easy (with larger Great changes (with
Yb/Al/P 2X10°* (3-6) xX10* [28-29,31]

Al content than P) much larger P than AD
Yb/Al/F Easy 2X10°1 Almost equal to pure silica glass Good [20,30]
Possible phase Good (with less P
Yb/Al/P/F 1x10°" Almost equal to pure silica glass [51,55-56]

separation
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Table 3 Performance comparison between Yb-doped quartz glass mandrel prepared

by our research group and Heraeus products

Specification SIOM Heraeus
Powder sintering Sol-gel SiCl, +H, O
Active glass rod diameter >5 mm >5 mm
Homogeneity Aboutl X 10 <2X107"
Codoping F Yes No
Codoping P Yes No

Core glass attenuation

Main application

pulse amplification

>50 dB/km@1200 nm
Low NA ultra large mode field

photonic crystal fibers for

<50 dB/km@1200 nm

Ultra large core diameter cladding
fiber for high average power

CW/pulsed fiber laser amplifier
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Fig. 13 Photographs of Yb-doped quartz glass mandrels
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Fig. 14 Photographs of photonic crystal fibers and composition distribution of fiber cores. (a) PCF cross-sectional

photographs; (b) EPMA line scan maps of Yb, Al, P, and F elements in fiber core

14 pm, ZOGEF % 976 nm (i3 6 W I R B A K
3dB/m., K 14(b) AL H Yb,ALLP,F LR H
THEH(EPMA) & H A &L 7T LU 1 25 w4 il
U2 NG RSO R s o (TR K

I 15 () 7R 19 F 4235 D1 34000k (MOPA) %
S K Ot £F i Bk b ik oK M REL B R ORI B K N
1030 nm., 85 #5i %K 49.8 MHz, ik 55 K21 ps, il
SURYIE i ST NG Al L NS 2 N €8 = Rl 1 B E I
47 emBt L, #E 520 W LD iz &, 318 T & K fi it 1)
RN 272 W Bk ah fig i OM 5.6 w) L IEE T RN

(a)
seed source SMIber i, Hwp

266 kW -6 52 % Mot o, 45 R Kl 15
(b)Y FE7RS L SR o5t 40 A (S0 3t T i o o) 3
A3 120 WAL 272 W B G B & R - ML 433l
h1.6 Al 2.2, 45 AN 15(h i E Fras . 3T [ E0F
H ) 50 pm S 42 B9 LMA-PCF 52 B0 T i 545 1Y
120 WS4 Tl 3 e 0 HJ B G D 30 1
K o 5T 3 W A8 22 ik IR P O O ) S A 4
RFE T LR BIR DI 51 A 2585 1 37 5 28 34 K i
JEA A2 K, e A AR S AL 2 I T 5 R 22 1 K
T 5 RS R B FLAR R BE L 520 T 3O s T i

light-light
oL efficiency: 52%

0 100 200 300 400 500
Launched pump power /W

B 15 OB R G B OB . (0 BRI RBR R 405 (b) Bk s il KO- 34 Th K i iz e th R 28 1k
FHE S 120 W R 272 W I B 6 3 &

Fig. 15 Laser amplification system and output laser characteristics. (a) Main oscillator power amplifier system;

(b) average pulse amplification power versus pump power. Insets are beam qualities at 120 W and 272 W, respectively
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mode area PCF with 75 pm core diameter; (b) average pulse amplification power versus pump power
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