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Abstract We demonstrate a stable, low threshold, passive Q-switched mode-locked Tm, Ho: LiLuF, solid-state

laser with the graphene oxide (GO) prepared by vertical growth method as a saturable absorber and the special

designed low threshold resonant cavity. The output power of the laser is as low as 73 mW, the stable mode-locked

threshold power is 663 mW, and the corresponding power density of the GO saturable absorber is 76.4 pJecm *

Typical Q-switched pulse envelope has a repetition frequency of 104. 2 kHz and a pulse width of 30 ps. The
repetition frequency of mode-locked pulse sequence is 178.6 MHz, and the modulation depth is close to 100% .

Key words lasers; low threshold; Tm, Ho: LiLuF, laser;

absorber

OCIS codes 140.3430; 140.3295; 160.3380; 140.4050

1 5l B

7 R RO K ™ A — R 4 [ SO PON ST
Jrla 2z — o Xkt RURE D B A0 R RRD B 2 B0
TEA S AT AN T, B2 )7 s SR R A AR OR
f8 IV 77, JEHUE 2 pem B BOROG 40 T NIR & 42
DA AN R A7 1T i B T 3 B D LR s

W BHEI: 2017-09-15; W REXFBmBEHI: 2017-10-24

graphene oxide; Q-switched mode-locked; saturable

A T 2 AT S B B AT R R R O AR T A Y —
ANEETFB, HATN &)1z 55 s g a] i6 Fnmg
WA SR 2 S 4 AT AR R IR 0 B (SESAMD) , Gl it
SESAM SEEUBIRL A 2 pm PEBCHOGIE R £ .
A SESAM [H 32 #4 B} B8 B 9 B2 1 B i, % T 4F 3 K
BURWTZ R SE e AE, Ll v T2 AR 2 4% i
AR B BRI 280 5 R T 1 R R R AR B SESAM,

BB, EFHRRBI#H4(61465012,61564008,11774257,,61461046,61665010) . [E 4 T A0 & i1 %1 (2017 YFB045200)
BB/ : 241968, 5 W+ #4235 2N FH#8 58 3O Bk ob 7= A4 iR B T 95T . E-mail: wijlingts@sina.com

*» BIEEKE A, E-mail: dz0212@foxmail.com

0301001-1



th i

i ot

VLA K LT 2 R ALY (TMDs) 1 820 1R
& B 2R A BR AN K B R B IR S AT DL AR T b AT
A1 B R PR 2 1 T AR A R S AR R E T
WRHE S LR B RS TR R iz A 4 [ A ok
o N AR A #2004 4E, Novoselov %5 & R
HURGE 2 T B B2 S50 A 2D A B R kL,
R 1) 0 3 A 2 AR e AT T T < A 5 R 1 R
S FE R TR GSE MR AR AR AR AR
TR SR AT T T2 . 2009 4F A7 SR04 Rk R H: g
A FSCAS AR A2 s Do) R R SR e B S vy 0 %
SEOR A T IR ZE O 5 b AT AR A i A . 2016 4R
Wan %5 46 Tm: YAP 4[5 & 806 2% A A 8806
SIPLEE E A B B 2017 4E, Wang 251 FE Tm:
MgWO, 4= [ 25 #O6 #8 v A B A 25 05 S B 86 £s 1Y
BiRIE T W JE e A N Ik 2 pm R B4 1 SO
ARAT Y f S koo

A BRI (GOME N A B8 I IR A= 40 » A 80
RS IL A i T LR A R R K R RE
LA R A e R 2 T T, AT o L BB A 7
5 B 7K Rl 7K 2 BT TR BURR A 1 bR A2 VR A %
T R LA KV WO 0 A RO B . HL A
BCAS TR L JEORE 5 45, JEORE A A R B, JE S G i
AR AR, WA TE 1 pm P BB % .
2013 4, Feng %) | F 480 1k A7 55 5 v 1 0 W Ui 4
(GO-SA®)FE Nd: YVO, fifs 4 52 3L ) f5z i T Rk
3.06 WHY 8.8 ps ifiiz %, 2015 4F, Zhu 2" | H
GO-SAs 7£ Yb: Y, SiO; ffAH SEHiR i 763 fs Pifiiz
5, 2 pm WM SCHGER D, B H A Liv %7
FH GO-SAs 78 Tm : YALO, fy AR S Bl LE 54

A2 WA AT 4 O BR A OG AR L R
12 B Y SR DR 2 R K AE 720 ~850 nm AT, 1% Ik BL
EAMEE Tm® 8 Tm’" (Ho' " LB HOE Mk K
Horp— a2 AW, T — 65 4158 U8 0] LUBIF 5
2 pm PEHE Tm’ 8 Tm’" (Ho' " B A FIHOL

(@)
P

»

Y

GO

Intensity /arb. units

AR o A JE PR A ISR LD i LK 2 pm
BB Ot R T R AL T R S H AR S . REE
WG T LA 6 R I i 2 6 i T %, BT R KT
PRI B, R OB IR IR 1Y TS R R B
HA — 2 W AR RN B . Tk 860 iR R
Tm,Ho: LiLuF, ¥ )t & 1A AH X 3 At 55 55 44 L
Z AR G 7 T B AR GO A W R B O
B AN L AR AR AR AR AR A, 2017 4R AR TR 4L
&M WS, 751 b i h 52 B s % , v A% 52
X AP s (i & 45 M 7T il 6P 42 100 mm) , 15 %)
L O BIE D% R 143 mWH

AR SCMAL GE iy X AR s & el 3R AR
75 b A LR IR R A PN 35 A T] T T 23 20 4 1 i
85 e 2R i I S0 0 OO0 B (E D) R R AR 2
52 mW, FIH HH B GO-SAs,#E Tm,Ho: LiLLuF,
2 B A BOCE T I TR B 3 Q BiRLIE FE
HOEEEALE 73 mW, FoE 10 Q P B Y %
663 mW, L7 Q Mk vh Al 4% FE M R K
104.2 kHz, JKFELH 30 s, AL45 T B K vh 17 51 1
FREME N 178.6 MHz, I HIHEE I 100% .,

2 S A SRR AT IR SR R A ] A

GO-SAs BRI AR LG &, 1 #ik
TR AR 10 31 & IR & ¥ 50 J 4 A1 95 R ik
A, HBOCA Y R R TR 7 AR S BOL T
BRI EKEEMAER 2 B GOMEABTEET
Ko B 10 h A AT, SR 5 #EAT 850 Ab B ) &
0.3 mg/mLK) GO % :3) ¥ GO BWEA—1TF
AT B K R KA B A T R VR AR 2k R
HBA G E 15 K, B E R WL, 3R
SR BN BUR AT R GO MR RUE A 5 R
PN, GO-SAs il #8556 5, BUsh Al 1Ca) o,

K 1(b)h GO-SAs B hr Stk f L gl L i
KRB GOT ¥ 5K B 7E A 35 v & w2065 2

300
200
100
, SEM

1000 1200 1400 1600 1800 2000 2200
Raman shift /cm™!

F1 (a) GO AR A ; (b) GO-SAs hi & 6 i &l A e 2
Fig. 1 (a) Photo of GO saturable absorber; (b) Raman spectrum and SEM image of GO-SAs
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Fig. 3 (a) Curves of crystal absorption efficiency; (b) continuous wave and mode-locked output power versus

the absorbed pump power
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