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Abstract: There is a absorption peak of water molecular and a transmission window of atmosphere in the 2 pm
spectral range, which has important application in space communication, remote sensing detection, environmental
monitoring, laser guidance, infrared countermeasure, surgical operation and so on. With the development of Tm-
doped and Tm, Ho co-doped laser host materials and mode-locked technologies, ultrashort pulse all solid state
oscillator at 2 um has become one of the research hotspots of laser technology in recent years. In this paper, the
Tm-doped laser host materials and the mode-locked technologies in the 2 um spectral range were systematically
analyzed, the latest development of ultrashort pulse all-solid-state Tm-doped oscillators at home and abroad was
summarized, and the representative experiments were analyzed and introduced. Finally its development prospect
was summaried.
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Fig.2 (a) Autocorrelation trace and optical spectrum (inset) of the mode-

locked pulses™; (b) Output power versus absorbed pump power

in different operation regimes!®!
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Tab.1 Summary of all solid state Tm-doped oscillators

mode-locked by SESAMs

Laser medium Average power/mW  Pulse width/fs ~ Ref.

Tm: CYA 1350 49000 [9]
Tm, Ho: CALO 121 46 [10]
Tm: LuAG 98 13600 [11]
Tm: YAP 730 1700 [12]
Tm, Ho: CALYO 27 87 [13]
Tm, Ho: CALGO 376 52 [14]
Tm, Ho: CNGG 36 73 [15]
Tm: LuYO, 133/51 59/54 [16]
Tm: LuAG 1210 38000 [17]
Tm: YLF 95 31000 [18]
Tm: YAG 150 30000 [19]
Tm: LuAG 232 2700 [20]
Tm: YLF 165 94000 [21]
Tm: CALGO 337 650 [22]
Tm: (Lu, Sc),0; 175/34 230/74 [23]
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B A AR 09 BRI, 237 0 P 3 B0RE > OR A A 45

20210346-3



ISk A2

%84

www.irla.cn

FECT, 2 MR T AR ORI TR GUOKE BRI
R [ AR s A BT ST I

®2 ET ONTs iR BB ER 7R EE
Tab.2 Summary of all solid state Tm-doped oscillators

mode-locked by CNTs

Laser medium Average power/mW  Pulse width/fs  Ref.
Tm: LuYO; 63 57 [26]
Tm, Ho: CLNGG 123 98 [28]
Tm: CNNGG 22 84 [29]
Tm, Ho: CNGG 67 76 [30]
Tm: CLNGG 54 78 [31]
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Tab.3 Summary of all solid state Tm-doped oscillators

mode-locked by GO

Laser medium Average power/mW Pulse width/fs Ref.

Tm: LuAG 1740 923800 [34]
Tm: MgW 39 86 [35]
Tm: YAP 256 35000 [36]
Tm: YAG 158 2800 [37]
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13.6 ps Al 21.3 ps. 7ESH R R fh A b DL 19 A o2
FR%Z (YAP)!'™ FIR IR 4245 (CaYALO,, CALYO)™, H
il T S B R 5 A ik b 23 3R 1.7 ps K187 fso TEREMR
ER AR R DL A R RERR 5248 (LuY SiOs, LYSO)™,
g M 1) i kol 19.6 ps. FERSIRER S BOLA B p
FEOTRAZH0 (KY (WO )y, KYW)EY | SR (KLu(WO,),,
KLuW)P7 | 45 8 42 8 (NaY(WO,),, NYW), 48 i 5
(MgWO )PV 55 k5 UL, i3 21 1) 5 4 ik b 43 310 0 -
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549 fs, 141 fs, 191 fs F1 76 fs. JCJF fa A ki %
Tk 8] AT T G R, RO A B AR A RO
Jik v, Hor 40 R 4L 45 (CALGO)!™, 45 £ 4 &% i 1
(CLNGG)™, 454845 fh 1A (CNGG)!™ 45 ]y # UL, iy
B k4350 kg 52 fs, 67 fs H1 73 fs, ALY A R
UL A A T A FE AL A2 (LiYF,, YLF)., L5
B (LiLuF,, LLF), 2018 4, %35 Ir 7 S0 00 % 1 IR #F
LLF @A 52 2 pm GIAEEY B HT LY 3R 7 25 L
Tm:YLF*| Tm, Ho:LiLuF,"", Tm:LLF®® {1t 3%, H
s ik 2 i A 514 fs, 4.7 ps Bl 14 ps. K 4 B4k
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Tab.4 Summary of ultrashort pulse all solid state Tm-

doped oscillators with single crystal gain medium

Laser medium Mode—lhocked /;\(;:Z%/e Pulse width/ Ref
device W fs
Tm: CYA SESAM 1350 49000 [9]
Tm, Ho: CALO SESAM 121 46 [10]
Tm: LuAG SESAM 98 13600 [11]
Tm: YAP SESAM 730 1700 [12]
Tm, Ho: CALYO ~ SESAM 27 87 [13]
Tm, Ho: CALGO  SESAM 376 52 [14]
Tm, Ho: CNGG ~ SESAM 36 73 [15]
Tm: LuAG SESAM 1210 38000 [17]
Tm: YLF SESAM 95 31000 [18]
Tm: YLF SESAM 165 94000 [21]
Tm: CALGO SESAM 337 650 [22]
Tm, Ho: CLNGG SWCNTs 123 98 [28]
Tm: CNNGG SWCNTs 22 84 [29]
Tm, Ho: CNGG  SWCNTs 67 76 [30]
Tm: CLNGG SWCNTs 54 78 [31]
Tm: MgW Graphene 39 86 [35]
Tm: YAP Graphene 256 35000 [36]
Tm: YAG MoS, 200 280000 [40]
Tm: Sc,05 KLM 440 166 [45]
Tm: YLF KLM 14.4 514 [49]
Tm: MgW KLM 100 89 [50]
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o i BE 90 22 ) G 4 S BR AT LR TH S B 40 AT
B, P LLRE TR $5 B I AT A AE 2 pm I B Uk i
JERIE 2R BRI, B 5E R I TR R B B TE T A Ak
Yy Ho A T BE AR AR, B R T R BE i, R DR
T2 b B4 35k o 2 — PP AR AT W 1) v £ AR OGS b
#2010 4F, F Fusariy % A 7£ Tm: GPNG £ Tm,
Ho: TZN 3 25 4 J5i o 52 LA 5, Jikowf 58 2 0 301 Ay
410 fs F1 630 £'), TR A2, 5) Mo 5445 K1
BRI T 2 pwm P BB R, AF & 38 A AR R 2
F14) 3 5 e O 2 R A e M Y ) A
2.3 BENRBERKTIBEIRS S

H 1964 4E A 55— & & 4R 3 a4 ) 0 J5
B B A N T KRR BIWET o O B 5 1) St 2 o
WOt AR 2L, HR Pk B il T TR 4
G AR, AR TR B 8, E 2 pm % B A
PO A 2 A R AT, I AR R 2 pm DK
B b AR 7 2 F X 0E R AN 2% 5 R o DL I K
e E LA YAG B & FAL Y %, AL b
A FALSE LuYO,!' Lu,05 FfE 1 S AL ¥y s 4 B
% Tm: (Lu, Sc),05°%, Hrf YAG B % #5 J ik o i i3
R 2.1 ps, A ALY FE B B S bk o o 54 fs. 180 fs AN
58 fs. ALY & A B A IR 7 0 # % Sk Re AL
PPERE, I H 1980 nm DL b ELAT 14 % A 38 2515 9,
G T K A3 Q I X IR 1 5 i, 385 A T R T R
Bz i | R ELAG AR B 1 B JE S 2B (& YAG 4

x5 EMBEENREERNEESBEIRZREE
Tab.5 Summary of ultrashort pulse all solid state Tm-

doped oscillators with ceramic gain medium

Mode-locked Average power/ Pulse width/

Laser medium device W s Ref.
Tm: LuYO; SESAM 133/51 59/54 [16]
Tm: YAG SESAM 150 30000 [19]
Tm: LuAG SESAM 232 2700 [20]
Tm: (Lu,
$¢),05 SESAM 175/34 230/74 [23]
Tm: LuYO; SWCNTs 63 57 [26]
Tm: YAG Graphene 158 2800 [37]
Tm: (Lu,
$¢),05 KLM 220 58 [52]
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Tab.6 Summary of ultra short pulse all solid state
Tm-doped oscillators with output power higher

than 500 mW

Gain medium

Average power/ Pulse width/

type Laser medium W f Ref.
Tm: CYA 1350 49000 91
Tm: YAP 730 1700 [12]
Single crystal
Tm: KYW 549 549 [56]
Tm: LuAG 1210 38000 [17]
Tm: LuAG 1740 923000 [34]
Ceramics
Tm: Lu,04 750 382 [68]

4 REFREE

ZSCEBLER T 2 pm 8 50 k op 2 B S BER Y
ar AT BAR, BN BOCBIRB TR % Tm’ (51
Tm™, Ho’*3:48) L b BHE A WF9E T 2 um I B J8
ik wp %5 # EoRT B 9T I JRE, 45 G A BT R S A TR AR
SR PRI G an AT T R4

TERE SNy T, E298R T 2T SESAM., k4l
KA . ZHEARNFE AR 4 Sl BT R L T [ AR A
BE ST R 3 BN 1 R B B H R . SESAM &
Az 2 pm P BOK v EOG B E BB IR, 0 bk i S
FETT LIk 3] RN RS, I HARGE 1T, 1A il
R0 . H2 SESAM il 85 WA Hb 85, I H AT 838
0 LA, SO [ A i, — o R R T .
THEAREEA IL TS G2 R 2R R, MY T SESAM
A TR e R B, SRR SERDGTE T . Ik
BRI MR E B kPUOKE . A s, S ESER
Y AIREESE, Har, RE 4 RIE 2% T 2 um
W Bk oh O BIELE b RS B R IR A AH 4G
G 0 2 um B BHOG R AR TR IALIE . SR
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Fig.7 Research summary of 2 um ultrashort pulse all solid state Tm-doped oscillator
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