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Fig. 1. All-solid-state DUV picosecond lasers experimental setup. AOM, acoustic optical modulator; Pre-Amp, fiber pre-amplifica-

tion module; HWP, half-wave plate; PBS, polarizing beam splitter prisms; TFP, thin-film polarizer; DM, dichroic mirror.
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SISl A 4 S Nd:YVO, 2 FF MOPA
WOCHORAR R TR G 1L RO (laser
diode, LD) #E M. LD .0 KN 878.6 nm,
B EEF AR R 400 pm, BUEFLEE (NA) 2 0.22.
Horp, 55— 203 LD Mf K i Tk 65 W,
Ifii LD2, LD3 F1 LD4 AR K th 53520 115 W.
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S AL LN N I SR URAR A R S S TPy
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M =1.351. Bif5, OGS = | MU m R
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117 W Fl 140 W, AHI 9 2 2242 BUSCR R 54.35%
F120%. Bl 2(a) /s TIERLLAMGHIZR R 140 W,

AN 800 kHz 25044, il LA BT A
i (Beamsquare SP90449, Ophir) il 75 & )¢ 3R i
BHRTH50 M2 =1.60, M2 =1.99. It4b, K
RIELUAM i K DR R R, A4 ) R
2.6 mm LI & 2.0 mm. @0 2(b) Fis, #IHA
A AL (PulseCheck150, APE GmbH) il 15 it 21
MR TERE, 28 sech? BTG M 8.33 ps. [l 2(c)
JER T AR PEAS (MSO44, Tektronix) MIFSITZT
MG B MR N 807.8 kHz. 4HIEl 2(d) FiR, ffi
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Fig. 2. Beam characteristics of Near-infrared laser: (a) Near-field spot and M % (b) autocorrelation curve; (c) repetition rate;

(d) output spectrum.

TRA R, MR AT LR 2, i I 4T MG R
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BB AR SR, I LIS R IR E
120 W i, FEAREE S RCRIF Ik T . Rl D)%
HEINZE 140 W, gtk DRk BIEE, SFI TR
H T3 W, B RN 52.14%. 8l 3(b) A 800 kHz
R ARG IRZR, 4 th SOk P S8R 28 sech?
WA TGN 6.93 ps, SITLLAMEHILG, GOk T8
BT s, SR FIE(EDIE A 13.2 MW, f6E JEs
TR BERS (MSO44, Tektronix) 45486 H
SR N 807.8 kHz. [A 3(c) /R T HESH LI
A N EDE TR R, b MR =127, M =
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Fig. 3. Beam characteristics of green laser: (a) Green laser power changes with near-infrared laser power; (b) autocorrelation curve

and repetition rate; (c) near-field spot and M?; (d) output spectrum.
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Fig. 4. Transmission and temperature of 3-BBO crystal under different laser power injection: (a) Green laser; (b) DUV.

Tt M 32 C FFZ 59.4 °C, %45 R 3-BBO i
PRXF 266 nm VR 58 AR GHE 95 D 58N AR B0 I IR
WCRIE, 7 A I J P et B B, AT 3 it A A
PLRTC, FRITR STt — 048 T, Ik, 7E

VO A R T, A N TR S RO
RiXF B-BBO dhAR I EM, A SCR A T RRSHEHE
(GEMEHER ST 1.5 mmx 1 mm) ¥ )5 %877 4 IR
AN, A PR RO T WSRO 7= A R A

FEIG, MTTOREE R AF A AL DE T, B2 i A i 46t
RORF R E M, BATESOGITEATIR N 73 W,
TG REE N 1.11 GW/em? 40T, 18
A PEACAR DETC M 52 B0 T e 11 W R 54000
LR

P 5 (a) T EEIMIGHYF- 24 T 3 K 4 3 5 b
FEATCTRASL I I 26, S5 K, BB SR
(O, DOREA ™ A TSR S e D) S B BTt
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Fig. 5. Beam characteristics of DUV: (a) DUV power changes with green laser power; (b) output spectrum; (c) autocorrelation

curve and repetition rate; (d) stability of output power.
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All-solid-state high-power deep ultraviolet picosecond laser”
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Abstract

Deep ultraviolet (DUV) picosecond lasers, operating in a 200-280 nm wavelength range, possess significant

advantages, such as high photon energy and high resolution. These attributes make them highly promising for
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applications like semiconductor detection, ensuring the production of high-quality, defect-free semiconductor
devices, as well as for advanced scientific research and industrial processing. High-power DUV picosecond lasers
are typically generated via nonlinear frequency conversion of infrared lasers based on master oscillator power
amplifier (MOPA) configurations. Among various DUV laser technologies, systems based on 3-BBO crystals are
particularly valuable due to their simple design and cost-effectiveness. However, the linear two-photon
absorption, as well as the formation of dynamic color centers in BBO, are significant limitations for high-power,
high-repetition-rate UV radiation, leading to thermal effects. Hence, it is important to carefully study the
performance characteristics of BBO for high-power, high-repetition-rate pulse generation in the UV at 266 nm.

This study presents a high-power, all-solid-state DUV picosecond laser developed using a 1064 nm
Nd:YVO, MOPA amplification architecture. In this experimental setup, a 50 mW, 7.8 ps, 20 MHz all-fiber
SESAM mode-locked laser is used as a seed source, achieving 140 W in amplified output power 8.33 ps in pulse
duration at 1064 nm via MOPA. In the nonlinear frequency conversion process, the amplified laser pulses are
initially focused onto an LBO crystal for secondary harmonic generation (SHG). Precise temperature control of
the LBO crystal can generate a 532 nm output with 73 W in power and 6.93 ps in pulse duration, while
achieving 52.64% in conversion efficiency. Two-photon absorption is a key factor limiting the further
enhancement of deep ultraviolet (DUV) laser power. By investigating the transmittance and temperature rise of
a high-power dual-wavelength laser in a 8-BBO crystal, the results indicate that strong two-photon absorption
occurs under high-power DUV irradiation. This absorption induces significant thermal effects, resulting in a
temperature gradient within the crystal and leading to phase mismatch, which severely affects frequency
conversion efficiency and output stability.

To solve this problem and further increase the DUV output power, a large-spot pumping scheme (spot size:
1.5 mm x 1 mm) is adopted in this work. Under a pump peak power density of less than 1.11 GW/cm?, the
thermal gradient caused by two-photon absorption is effectively suppressed, achieving maximum fourth-
harmonic output power of 11 W. The corresponding single-pulse energy reaches 13.75 pJ. The root mean square
(RMS) jitter, measured in an 8-hour period, is less than 0.96%.

This all-solid-state DUV laser demonstrates excellent performance characteristics, including high average
power, stability, resolution, and peak power, making it a strong candidate for applications requiring efficient
and high-precision processing or detection. By further increasing the pump power and optimizing the
temperature control system, the output power of the laser can be significantly enhanced, thereby broadening its
applicability and competitiveness in high-end fields such as semiconductor manufacturing, advanced research,

and industrial processing.
Keywords: deep ultraviolet, picosecond laser, 5-BBO, fourth-harmonic generation
PACS: 42.65.-k, 42.65.Ky, 42.55.—f DOI: 10.7498/aps.74.20250247
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