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F LBO fENAEZeM: b i, BRI SR
Wit T 25 mW B9 488 nm #06. (HAE FIR TR,
P P ARTOCERAR 22 AT R R DGR 58, 1
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JCAEH M T A ST OG AR (vertical-external-
cavity surface-emitting laser, VECSEL), X #x2}
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UGk, FIALELLAMEBE ) VECSEL, 456 s N1
W, RIRT 7= A Tl 2 i O BRI 1 € D B
Jt. £ VECSEL #H Z %], Raymond 55 6] B ffj—
Yo (T ) KNDOy JEZ Mk @A, 7E 980 nm K
VECSEL H IS A4 4845 T 5 mW 1 490 nm
WO, MiJ5, Fan 4 DT AF5Y T4 HHUL 488 nm &7
B OGRS B E PSR VECSEL, 980 nm A9 JE 45
il X HF e B (birefringent filter, BRF) [
JEIE, 2800 LBO SuiR(E, )58 7 1.3 W I
R 488 nm W CHH . Kim 58 U898 T ol T
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F AL A, SEE AR T 1.4 WK 460 nm #5 (5
WOt Tinsley 5 19 W HR 28 T 78 28 58 1) Jis P4 435 43

VECSEL, H LBO #4740l #8546, S8 4R45 T 4
IR 1 W ) 457.75 nm F1 460.86 nm #%,
AT TR 0 R H1 574K, IEAh, Hein 45 20
TEHR B I NS ' VECSEL BYRCE 7 S 748
I TAE, 3R15 T SR IOE e s
o 14.5% Y 460 nm # & VECSEL. Casel 55 21
5T T RIS 5 i i N A A8 VECSEL, 5255 %
ki vEEE 5.8 ps, RN 1.88 GHz ) 489 nm #
. Gray 45 22 2438 7 R W# AL MgO:PPLN-
mfATE VECSEL =, 124 1k, ek Ak
B o JB A48 VECSEL 35453 19 5 i i Hh o o
J& Chilla %5 B 4235 (19 10 °C F 15 W i 488 nm
WL 20 € F 5 W Y 460 nm 6. SRR
W0 VECSEL B A% 45 5% 4 0% 1M 3, 78 480 nm
W B, SCHR [18] M43 R 21.9%, SCHK [20]
B A A 3 40508 N 30%, SCRK [19] B BE e s80R ik
FI| 55%. A0 i 1= SCHR (23] TR IR 1 45
2R, 1) 55.6%.
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I3 AlGaAs B H 2. $2 T RN s8R A TRIX,
A5 12 8 nm JEH InGaAs/GaAsP & FPf, H
' GaAsP JZEERE TR 22, [F At 5] 0
FIAMERIVER. SRJE A A B0 o3 2 5 R S 2 8 43 Al
P& U8 (distributed Bragg reflector, DBR),
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Fig. 1. (a) Schematics of the frequency-doubled blue VEC-
SEL and the sketch of the epitaxial structure of the gain
chip; (b) setup of the frequency-doubled blue VECSEL.
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Fig. 2. Reflectivity of DBR and the photoluminescence of
the gain chip.
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Fig. 3. Blue output powers of the lasers with different LBO
length. The insert in top left is the M? factor and the insert

in low right is the spectrum of the blue laser.
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Fig. 4. Blue output powers of the lasers with different BRF
thickness. The insert is the linewidth of the fundamental
laser with different BRF thickness.
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Fig. 5. Blue output powers of the lasers with 10 mm length
LBO and 5 mm + 5 mm length LBO. The insert is the

schematics of walk-off angle and its compensation.
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Fig. 6. Output powers of the fundamental VECSEL versus
the frequency doubled VECSEL.
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Abstract

Blue laser with high power and high beam quality has many applications such as in laser display,
underwater communication and imaging, and non-ferrous metal processing. Optically pumped external-cavity
surface-emitting laser combines the advantages of both surface-emitting semiconductor lasers and solid-state
disk lasers, and can produce high output power and good beam quality simultaneously. Its high intracavity
circulating power is more conducive to intracavity frequency doubling, achieving high-power and high beam
quality blue light through fundamental laser in the near-infrared waveband. This paper reports an efficient
intracavity frequency doubled 490 nm high power blue light by using a 980 nm fundamental laser in an
external-cavity surface-emitting laser. The V-type resonant cavity is formed by the high reflectivity distributed
Bragg reflector (DBR) at the bottom of gain chip, a folded flat concave mirror (high reflectivity coated for 980 nm
and anti-reflectivity coated for 490 nm), and a flat concave end mirror (high reflectivity coated for 980 nm and
490 nm). By inserting a nonlinear crystal LBO into the cavity at the beam waist formed by the folded mirror
and end mirror, and employing a birefringent filter (BRF) to polarize the fundamental laser and narrow the
linewidth of the laser, a high power and high beam quality blue laser with high conversion efficiency is obtained.
The effects of different factors including the length of nonlinear crystal, the linewidth of fundamental laser, and
the compensation of walk off angle on the output power of the blue laser are studied experimentally. The length
of the nonlinear crystal is optimized based on the size of the fundamental laser beam waist at the position of the
crystal in the resonant cavity. Under the type-I phase matching condition of LBO, over 6 W output power at
491 nm wavelength is obtained when the crystal length is 5 mm and the BRF thickness is 1 mm. The beam
quality M? factor in the z direction and the y direction are both 1.08, and the conversion efficiency of frequency
doubling is 63%. The experimental results also show that symmetrically placed nonlinear crystals can
compensate for the walk-off angle during frequency doubling to a certain extent, thereby clearly improving the

conversion efficiency of the frequency doubled blue laser.

Keywords: intracavity frequency-doubled, external-cavity surface-emitting blue laser, type-I phase matching,

compensation of walk off angle
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