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Research Progress of Ultrafast Pulsed Lasers in Visible Range

State Key Laboratory of Crystal Materials, Institute of Crystal Materials, Shandong University,

An ultrafast pulsed laser has important applications in some fields, such as laser processing and strong

field physics, because of its ultrashort response time and ultrahigh peak power. Accordingly, the ultrafast pulsed
laser has been rapidly developed in the visible range with the development of the blue laser diodes and the
praseodymium-ion-doped laser gain media. In this study, we mainly review the research progress and status of

ultrafast pulsed lasers in the visible range, and describe the applications of the mode-locking technology in the visible
Key words

range, including Kerr-lens mode-locking, high repetition rate GHz-frequency self-mode-locking, and mode-locking
based on saturable absorbers. Further, the futher development direction and perspectives of ultrafast visible lasers
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Fig. 1 Characterization of Pr*" : YLiF, Kerr-lens mode-locked femtosecond pulsed laser

with wavelength of 613 nm. (a) Autocorrelation map; (b) laser spectrum

AR, B A WO IR & L LD Hhis B
P’ OG5 40 BT Y 5 2R 33 B B 32 BN AE N B
B2 K1, 2016 4E, Tijima 2 WF5E T LD W
iz Pr’" s YLIF, 56 /R i B BB, Rk ] SF57 3438 A
VER AL PEA B, di 2ok it o 45 AR AS 1 bk e 9
9400 ps KA 639 nm BB ik mEoE i,
i SR 375 G AT IOk i SRR 3l e R TR L T
T 3 Kl iz Dy 2ok ST AR E v K 8 BE R Ik b
o MAT DL B v R 7 SR AL IR E L AR SR O
BRI R Rk i EEE R BB Pr HAR
ok e i O B Bk o v BEATY Ak T R RP i g Horb LD i
iz 1Y) 5 R 355 G TR I 5T T A A BR L JHE K o S EE AT R
JUA B ®b , PR b3 2ok v R 375 5 4800y 4R 15 AT L i B e
PRk o AT A AR KA ATE 5 2 8] R0 48 s 1 BF 9
B, W4 1A B PR SOGBE 5E  FRO

3 i ELAIR T Ak R K O

e 7 R R DK e OGS R A R SRR
R KR vE B L OF B T bR 2% R B R Y
Tk o . R A R e 2% Tk O FE K AR
FRIE AR DA R A% 25 R 2 i oy A
A EEN AL BT NET LB Y O
Wi AR SeH 2~6 GHz &2 5 & S W R 10
AN T QUL Sl T RN S N =R E A
IO B A T K b O 45U Y R A 5 R
B, TR ik e O Y R R R I KA
o, PR B AR AR AT 5 b 2% o 0 R MR LI IR K
JE AR o A ST 2T A0k B v R A 00 A T K i
SERITEFT 22, L BT 5% DR b SE Rl AR RS 2H
F 2016 4FELL Pr'" : GALIF, &4 308 58 25 A o 52
LT e R R R 2k O Ok e O e

[17]

L ) R AR e R B AN . T S PR
FH Bz P56 5 Sy 30 i 0 43 A1 o RO 7R 1 25 A o
23 7 A W AR G KN T ARG R R A A T R N
AT S5 1 0 L ARG B 2R 1 SR AR AIONE T A A
b AR T SR AR B R AR BB A AR T . X T AR
1M 55 » 38 25 6 5 5 OO BE K /N & /N O G BE
R 7= 25 45K 14 S Yy 1 2% 1A AL R L AR
AT EIF ST Ak 55T T Dk B [ B A BURE T 5 HFE O
P e Ko sh B . M iciiis TRy 1 W
A SO BE R AR B 29 0.1 pm, 1 0.1 pm FREEE
Ul /N B B S 50 00 A SRR U B R A
107%, PR3 25 3 m & Ak 1070, R, A
SPFADURE B 8 £ O PR 349 A7 O B BE TR Y R L
SRATT S 0RE S g 25 ' B 1Y) SRR BB 1 ) B
(B K AR 2 3O #R v LA A R 3l AR s SCk[29]
1 E R S ARG PrY s GALAF, AR 7E T ULk B
BRIk OG SE 8 B S 3 B R B2 1070,
H AT L, P« GALAF, fb A A7 565 451 66 B 338 25 ' bR
PR R R VE T PrY s GALIF, b A 7E AT L i B
BRIk O S 86 1 B A e A Bl
YL S ] SE B A R B, SRS B Mk
TR M o 38 I X I IR B A T AT R AR AR K A
R 522,607,639,720 nm AR AT UL ik O
Hh S LAV Ik T 43 A0 B 2 Cad TR, LK b i
JEN53~T74 ps. BT PIAS Ji B8 °F U1 19 48 £k ks
KK 50 mm, XN BB E E IR AN 3 GHz,
AR Tk A A 2 () TR . SRR R RCR
LD #hiz 77 =X 52 3T L ik B SR ok wh i o L OF 8 A
BRI R 2 ] UL B, SR T AT Lk B bR 24
FE TR K O L R AR PR K O s T
B —EWSHME.

0508011-3



@0l 522 nm

I‘
i

639 nm

{

||

Bl 2 Pr' s GALIF, 75 o] WL BE i 5 5 S 005 A BB IK b OB R AE . Ca) AS [ i 4 Ak v B S0 Jik b 8 5 (o) BB ik o 3t

Fig. 2 Characterization of high repetition rate Pr’" : GALiF, self-mode-locked pulsed laser in visible range.

(a) High repetition rate pulse trains at different wavelengths; (b) mode-locked pulse spectrum
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Fig. 3 Mode-locking in visible range with SESAM as saturable absorber. (a) Single pulse trace with LD pumping

(inset: pulse train); (b) laser spectrum with LD pumping
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Fig. 4 Mode-locking application of novel low-dimensional materials in visible range. (a) Common mode-locked laser
cavity; (b) mode-locked pulse train®” ; (¢) mode-locked single pulse trace with monolayer graphene as saturable
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Table 1 Summary of ultrafast pulse lasers in visible range
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Modulation Year Ref.
material way absorber width /ps rate /MHz nm
8 100 639 1994 [14]
Argon-ion 9.7 100 607 1995 [15]
Pr*" : YLIF, laser 8.5 125 639 1995 [15]
) 15 70 607 1996 [16]
Kerrlens 4 613 1996 [17]
0. B
mode- . .
Pr'' : YLIF, LD 400 75 639 2016 [19]
locking _
LD 72 2800 522 2016 [25]
. ) 69 3100 607 2016 [25]
Pr** : GdLIiF,
53 3100 639 2016 [25]
74 3000 720 2016 [25]
Pri7: YLIF, 2w-OPSL SESAM 18 85.55 639 2014 [39]
) LD SESAM 15 107.5 639 2014 [38]
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. LD SESAM 45 108 639 2016 [19]
Passive
LD MoS, 46 101.1 522 2017 [52]
mode-
Pr’* : GdLiF, 30 90.2 607 2017 [52]
locking 25 94.7 639 2017 [52]
Pr*" : LuliF, LD Graphene 45 102 639 2018 [50]
Pr*" : GdLiF, LD NiO 30.2 109.8 639 2018 [60]
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