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Hundred-watt-level 1 030 nm fiber-bulk hybrid amplified laser
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Abstract: Fiber-bulk hybrid amplification technology combines the advantages of fiber lasers and bulk
amplifiers to obtain a compact and low-cost high power ultrashort pulse laser. Therefore, a high average power
ultrashort pulse laser was designed based on Yb-doped fiber-bulk hybrid amplification technology. The laser was
consisted of an Yb-doped all-fiber laser and two-stage bulk amplifiers. The first bulk amplifier was based on Yb:
YAG single crystal fiber, and the second bulk amplifier was based on Yb: YAG rod with unpolished barrel. The
all-fiber front end delivered 6.5 W average power, 52.9 MHz repetition rate and 47.5 ps pulse duration. The single
crystal fiber amplifier obtained an average power of 40 W at the backward pump power of 182 W through a
single-pass amplification. The Yb: YAG rod amplifier outputted an average output power of 122.9 W at the
backward pump power of 307 W in single-pass configuration. After removing the depolarization part introduced

by thermal effect, an average output power of 107.3 W with linear polarization state was obtained, and the
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corresponding slope efficiency was 26.1%. The pulse width of 12.1 ps and center wavelength of 1030.6 nm with

spectral width of 2.4 nm were achieved. At the maximum output power of 107.3 W, a beam quality factor of 1.45

and 1.20 were measured along the vertical and horizontal direction, respectively.

Key words: laser amplifier;  ultrashort pulse;
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JONER 105 pm, NA=0.22 (28 LD, S KR 150 W
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Tab.1 Physical property parameters of Yb:YAG with a doping concentration of 1 at.% at room temperature

Parameter Symbol Value Unit

Lifetime for excited level T 0.95 ms
Absorption wavelength Ap 940 nm
Laser wavelength A 1 030 nm
Absorption cross section at , Oup 0.75x10°% cm?
Emission cross section at 4, Oep 0.15x107%° cm’
Absorption cross section at /; Os 0.16x10°% cm?
Emission cross section at /; Oos 2.1x107%° cm’
Density of Yb*" ions N 1.38x107% m”
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(5 EE AN O T AT, RS SO R ik i
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940 nm, #R K 5L, I HAE IR, BHUE SO0
DR R 6 W Al 40 WA UK R, 45 A0k 2
IR o

®2 RAARREREERERNRAHEHINR S8
Tab.2 Maximum output power and gain when using

different brightness pump sources

I/W @/jum NA Max pump power/W Max output power/W Gain

6 105 0.22 150 48.4 8.1
6 200 0.22 450 80.8 135
40 105 0.22 150 137.0 3.4
40 200 0.22 450 208.4 52

i AR ADLZ SR AT AR B, L AR 5 D AR [
i, HA iR 5 B A S R ROy, (H R 2 5
e KA DR B BR A, rTARAS i th DR A R 2R
FHTR) =23 U, o v g A A5 e T R, ol
LA BRI A S AR R R . O T R4S T R i
i h Zh A, n] AAE EHOR GRS BERLAR L P2 TR
B (R A R, A — o B ORRCR B O, 2K
P R AR AR AR SR, B TR R
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Fig.1 Schematic diagram of fiber-bulk hybrid MOPA system. (a) Schematic diagram of all-fiber front-end structure; (b) Schematic diagram of fiber-bulk

hybrid amplification system
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Fig.2 Output parameters of all fiber oscillator. (a) Pulse sequence; (b) Output spectrum
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Fig.3 Output parameters of all-fiber front-end. (a) Output power versus pump power of the main amplifier stage; (b) Pulse width; (c) Output spectrum;

(d) Beam quality
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Fig.4 Output parameters of SCF amplifier. (a) Output power versus pump power of the single-pass amplification; (b) Beam quality; (c) Beam quality of

the thermally depolarized signal
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Fig.5 Output parameters of main amplifier. (A) Output spectrum; (b) Output power versus pump power of the main amplifier; (c) Output pulse width;

(d) Beam quality
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FEA LD ZEWTR, PO 940 nm, R85 EHAZR N 135 um, laser drilling of micro-holes (part 1)——theoretical study [J].
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