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In-band pumped mode locked Tm solid state laser at the wavelength range at the
wavelength range of 2 um

Tokurakawa, Masaki
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We have developed a high power highly efficient Kerr-lens mode-locked Tm
doped sesquioxides laser in-band pumped by 1610 nm high power fiber laser. To our knowledge, this is
the first report of the Kerr-lens mode-locked solid state laser at the wavelength range of 2y m.
The pulses as short as 115 fs and the average power as high as 1 W were achieved. Comparison with
prior mode-locked 2 pu m solid state laser works, it has the third shortest pulse duration and an
order higher average power.

2u m



(@D} 2um
(1)OPO 4~20pum
(i1)
(2~4nm) X (iii)
(2~4pm)
Yb T1A1203
Ium
10
10W
2um
(2) Tm
(LD) 200W
40
Ti:AL O3
100s fs
% 100 mW
) ~1600 nm
in-band
Tm
800 nm
Tm
2 um  Tm
Tm
2 Tm
800nm LD
Tm
Tm
(1) In-band
In-band Er:Yb
1611nm
161lnm  Er
(ASE)

(SBS)

matlab

ASE
2 Tm:Sc,03
in-band
Tm:S(3203
Tm:80203
(SESAM) 3
3) Tm
in-band Tm
SESAM
(1) In-band
1610 nm
LD ASE SBS
3
3
( 20 MHz)
(>20 dB) 8W
+Inm
Er:Yb
20 W
SBS
Er:Yb
T T T T T -10
S8+ slope efficiency ~21%
o6 1-20T
= it
o4 R =
E 4 J30Z
=2
O
0 | | | | | -40
0 5 10 15 20 25 30
Pump power (W)
1610 nm



2 Tm:Sc,05
In-band

TmZS(3203
in-band Tm
2um
115fs SESAM
2
Tm
3
1IW Tm
10 T1A1203
4.5n]
40 kW
Tm
50~100nm
in-band
2um Tm
web Laser Focus World
Tm
LD
mJ
200fs GW
End mirror
\HR>2050 nm
Prism pair
IR grade

T=1% Tm3*:5¢,0,
@2000-2300 nm

1611 nm Er:Yb
MOPA, MAX8 W

M1 f=75 f=18.4

TmZS(3203

@® Sc203Kerr-lens A LuScO3 ® Kyw

W Sc203 +  KLuw m Mgwo4

¢ Lu203 A CalGO 4 HoYAG
—~ T T T ’ T T T T
310000 F g
S
N—r
—
2 10007, 1
8_ °
S 100 a 1
"9- a = * &
8 +

(o) 1 1 1 1 1 1 1
80 160 240 320 400 480 560 640

pulse duration(fs)

Tm

3 Tm
2
50nm
5.5ns 10W
ns
12
O recoat + water coolin
10F1 o ot cooling ¢ ﬁ)p ]
§ 9
= 8 - ({d g
[} e
2 0
<3 6 o i
.5. 2
g
g4 o f
o /O
p
2+ 5 o E
0 =g B % | | | |
0 5 10 15 20 25 30
pump power [W]
ns
4

1) M. Tokurakawa, E. Fujita, C.Krinkel,
“Kerr-lens mode-locked Tm’":Sc,0; single
crystal laser in-band pumped by an Er:YD fiber
MOPA at 1611 nm,” Optics Letters. 42
3185-3188, (2017).
https://doi.org/10.1364/0L..42.003185

2) Y. Mashiko, E. Fujita, and M.Tokurakawa,
“Tunable noise-like pulse generation in
mode-locked Tm fiber laser with a SESAM,”
Optics Express, 24, 26515-26520, (2016).

https://doi.org/10.1364/0E.24.026515

3) E. Fujita, Y. Mashiko, S. Asaya, M. Musha,
and M. Tokurakawa, “High  power
narrow-linewidth linearly-polarized 1610 nm
Er:Yb all-fiber MOPA,” Optics Express, 24,
26255-26260, (2016).
https://doi.org/10.1364/0E.24.026255

4) s 2um  Tm

2016 10
,45-49 (2016).
http://www.nikko-pb.co.jp/products/detail.php?pr
oduct _id=3912




16
1) M. Tokurakawa, Y. Mashiko, E. Fujita, A.
Suzuki, and C. Krinkel, “Kerr-lens Mode-locked
Tm*":Sc,0; laser at 2.1 um wavelength range,”
ASSL2017, ATh3A.2 Nagoya, Japan, (2017).
2) E. Fujita, Y. Mashiko, M. Tokurakawa, “8 W
Narrow-Linewidth Linearly-Polarized 1610 nm
Er:Yb All Fiber MOPA,” CLEO/Europe-EQEC
2017, CJ-P.20 Munich Germany, (2017).
3) M. Tokurakawa, Y. Mashiko, E. Fujita, C.
Krinkel, “Kerr-lens Mode-locked Tm®":Sc,05
Single Crystal Laser In-band Pumped by a
1611nm Er:Yb Fiber MOPA,”
CLEO/Europe-EQEC 2017, CA-5.3, Munich
Germany, (2017).
4) Y. Mashiko, and M. Tokurakawa, “All
fiberized mode-locked Tm fiber oscillator above
100 nJ pulse energy and amplifier above 10 W
average power with ~6 uJ  pulse
energy,”ALPS’17 ALPS14-22, Yokohama Japan
April (2017).
5) H. Sagara, E. Fujita, Y. Mashiko, and M.
Tokurakawa, “High power nonlinear polarization
rotation soliton mode-locked Tm fiber laser with
huge sideband spectral structure,”ALPS’17
ALPS14p-20 , Yokoham Japan, April (2017).
6) M. Tokurakawa, Y. Mashiko. Fujital, and C.
Krankel, “Sub 200 fs Kerr-lens Mode-locked
Tm*":Sc,0; Laser In-band Pumped by a 1611nm
Er:Yb Fiber MOPA,” ALPS’17 ALPS4-8
Yokohama Japan, April (2017).
7)Y. Mashiko, E. Fujita, M. Tokurakawa,
“Tunable SESAM mode-locked Tm fiber laser at
the wavelength range of two micron,”
CLEO2016, STu3P.5. SanJose USA, (2016).
8) E. Fujita, Y. Mashiko, and M. Tokurakawa,
“High power narrow-linewidth linearly-polarized
1610 nm Er:Yb all-fiber MOPA,” ALPS’16,
ALPSp14-24, Yokohama Japan, (2016).
9) Y. Mashiko, E. Fujita, M. Tokurakawa,
“Tunable SESAM mode-locked Tm fiber laser at
the wavelength range of two micron,” ALPS’16,
ALPS4-6, Yokohama Japan, (2016).

10) 2um
1 23
2018
1) 2um Tm
In band
Tm3+:SczO3
/
2017 9
12)
200 fs
Tm’":Sc,0s4 64
2017 3
13)

Tm

64

2017 3
14)
2 pum Tm
64
2017
3
15) Tm
2um
37
2017 1
16)
1610 nm Er:Yb
MOPA 37
2017 1
1. Web Laser Focus world

”Fiber-laser in-band pumping enables novel 2
pm high-power short-pulse laser”
https://www.laserfocusworld.com/articles/2018/0
1/fiber-laser-in-band-pumping-enables-novel-2-m
-high-power-short-pulse-laser.html

2. UEC e-Bulletin
http://www.ru.uec.ac.jp/e-bulletin/research-highli
ghts/2017/kerr-lens-mode-locked-tm-doped-sesq
uioxides-laser-in-band-pumped-by-an-er.html

3.

(M

Tokurakawa Masaki

80728246



