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Abstract An effective way to realize an ultra-short pulse is to use the passively mode-locked technology of all-solid-
state lasers. Among the studies on the passively mode-locked Nd*" -doped lasers, the disordered crystals have been
becoming a research hotspot. In combination with related works, the research status of passively mode-locked lasers
based on Nd*" -doped disordered crystals are summarized, and the future prospect on the application of Nd*" -doped
disordered crystals in the generation of ultra-short and ultra-intense pulses is discussed.
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Table 1 Characteristic comparison between Nd*" -doped disordered crystals and other laser materials

Absorption Fluorescence Thermal conductivity /
Laser material Reference No.
bandwidth /nm bandwidth /nm (Wem ek 1)
Nd: CNGG 12 15.1 4.7 [8,11-12]
8.5 14.7 3.43
Nd: CLNGG 13 16.6 2.97 [8]
Nd:CLTGG - 16 - [13]
Nd:CYA 5° 12° - [14]
57 157 -
Nd: CGA 3.3 12 - [15-16]
Nd:CGB 15! 30! 0.849* [17]
15" 30" 0.887"
16™ 30™ 0.841¢
Nd:CLB 17 27 1.08~1.30* [18]
1.12~1.45"
1.03~1.35°¢
Nd: SGG 18 24 1.59¢ [8]
1.4¢
Nd:SLG 8 14 1.95% [8]
1.7¢
Nd: BLG 15 27 1.96¢ [8]
1.72¢
Nd: LGS 5 10.2 1.7¢ [19]
1.4¢
Nd, Y:SrF, 4 15.5 3.5 [20]
Nd, Y:CaF, >10 31 9.7 [21-22]
Nd, La: CaF, >5 >15 - [23]
Nd: YAG" 2.1 0.5 11.1 [12,24]
Nd: YVO! 2 1.1 5.1 [18,24-25]
Nd:GdVO} 1.6 1.25 11.7 [24-25]
Nd: glass” 12.7 21.3 0.6 [12.26]

H: ordered crystals; P. disordered crystals; 6 and w: pump laser polarization directions; a, b and c: directions of

crystallographic axis; 1, II, and III: electric field along a-axis, b-axis, and c-axis of laser material
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Fig. 1 (a) Absorption and (b) fluorescence spectra of Nd: LGS crystal™™
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Fig. 2 (a) Absorption and (b) fluorescence spectra of Nd, Y:CaF, crystal”"
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Table 2 Result list of 1 um passively mode-locking experiments based on Nd** -doped laser materials

Dispersion Laser Repetition  Output
Laser Pump ) Pulse ) Reference
compensation  wavelength / frequency / power / Efficiency
material source width /ps No.
element nm MHz mW
Nd.Y:SrF, Ti GTI mirror 1061 0.097 96 102 11%A [27]
Ti GTI mirror 1057 0.332 89.8 395 39.5%" [20]
69%15
Nd, Y:CaF, LD Prism pairs 1064 0.103 100 89 26 %2 [21]
LD GTI mirror 1061 0.264 85 180 7.2%P [22]
Nd: LGS Ti Prisms pairs 1084 0.278 102.4 21 0.8%" [28]
Ti Prisms pairs 1067.5 0.335 102.4 47 1.8%4
LD Prisms pairs 1066 0.381 133.4 75 1.3%° [29]
LD No 1063 10.9 173.7 28.5 1.5%% [30]
Nd:BLG Ti One prism 1075 0.290 200 30 - [31]
1060 0.316 200 - -
1070~1090" <1 200 - -
: : 1 ne prism . -
Nd:SLGY Ti O i 1061 0.378 201 33 [32]
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gk 2
Dispersion Laser Repetition  Output
Laser Pump Pulse Reference
compensation ~ wavelength / frequency / power / Efficiency
material source width /ps No.
element nm MHz mW
1060~1063" - 201 - -
Nd:SLGY Ti One prism 1067~1070" 0.534 201 25 -
1078~1083" 0.660 201 16 - [33]
Nd: CNGG-CLNGG LD Prisms pairs 1061.5 0.534 88 60 1% \
Nd: CLNGG LD Prisms pairs 1061 0.900 88 486 26 %6 [34]
LD No 1061.2 2.0 88.4 101 3.6%° [35]
8.9%¢
Nd: CGA LD No 1079 3.1 157 93 4.8%% [16]
5.3%"°
Nd: CLTGG LD No 1059, 1061 3.5 42 383 6.8%° [13]
Nd:CYA LD No 1080.2 3.9 148.9 2250 23.2%¢ [14]
1059.6, 1063.5,
Nd:CTGG LD Prisms pairs 4.3 88 - - [36]
1064.9
1059.6,1061.6, .
No 5.2 88 107 3.6%¢
1063.5, 1064.9
1059.35,
Nd: CNGG LD Prisms pairs 5 88 90 1.6 %4 [37]
1061.71
Nd, La: CaF, LD No 1065.8 11 87.5 110 7.8%°¢ [23]
Nd: CaNb, O LD No 1061.8 17.3 88.4 843 27%" [38]

M and N : cutting directions of laser material; A: optical-optical conversion efficiency for incident pump power; B: slope
efficiency for incident pump power; D: optical-optical conversion efficiency for absorbed pump power; G: slope efficiency for
absorbed pump power; t: tune
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Fig. 3 (a) Experimental setup of Nd: CYA passively mode-locked laser; (b) relationship between output power

and absorbed pump power!*
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Fig. 4 (a) Experimental setup of passively mode-locked Nd, Y SrF, laser; (b) relationship between output power

and pump power ™"
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Fig. 5 Experimental setup of Nd: LGS passively Fig. 6 Experimental setup of Nd, Y:CaF, passively

mode-locked laser™" [21]
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Fig. 7 Experimental setup of Nd, Y:SrF, passively mode-locked laser™”
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Fig. 8 Experimental setup of Nd, Y:CaF, passively mode-locked laser™
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Fig. 9 (a) Fluorescence spectrum of Nd: CTGG crystal; (b) output laser wavelength under mode-locking operation
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Fig. 11 Fluorescence spectrum of Nd:BLG crystal and

Nd:BLG laser spectrum under mode-locking operation
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Fig. 12 Absorption and fluorescence spectra of Nd: LGS crystal®
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