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Abstract A compact and robust, passively air cooled picosecond 1064 nm Nd:YVO, oscillator mode-locked
by semiconductor saturable absorber mirror (SESAM) is demonstrated. Based on the theoretical analysis and
experimental verification of the passive mode locking method, a more precise formula describing the pulse
width of a mode locked laser is proposed. The laser operates at pulse duration of 15.5 ps and a repetition rate
of 100 MHz with output power of 210 mW. It is proven to be TEM,, mode according to measured beam quality
factor of M*=1.15. The root mean square (RMS) power fluctuation is less than 1%. The footprint of the laser is
only 350 mm X 150 mm X 50 mm. Thus, this laser can be a reliable seed source to be amplified for more
applications in research and industrial fields.
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Table 1 Shape coefficients and the equivalent lengths for a rectangle plate placed vertically and horizontally

Vertical Horizontal Horizontal
A
Orientation of the [ \
rectangle plate
F 0.56 0.52 0.26
L 4 H Llength X Wwidth X2
i heighe Llenﬁh"’ Wwidth
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Fig.2 Schematic of the passively air cooled ps oscillator mode—locked by SESAM

K — At KA T 8 W) 808 nm HLAE LD A/ Ky dihiz U, 6 Hol o MR AT [ 2 78 A AT . B
Wi 25 LDt 5 s 180 ) 58 A1 G 1 7 — /NG 2R B DRl & B30 TR 4 21 5508 il Ok BOf SR AR AR R) L 3 0 100, R
— PR R 2 mmx2 mmx5 mm (9 Nd: YVO, @R 3 25 A 00, 00 85 78 240 7500 800 0.3% . fhik
P 35t 160 9% 1064 nm F1 808 nm 34 355 5%, i3 113 5 v ¥1) 2082 £ LA il s of EL AN o SO SRR R 5 B T
—ZERAT . LD Sz Y6 i o A AR 230 mm B9 B B FLAUR E N Y VO, S AR b e

g T O B A B A 7O R S S L — F SESAM ZH B PP s bR T S e, b ML [V RS
BE o B R T=2% , i R AR Ri=100 mm. M2 A1 M3 34k [ 17 004 52 8% , % 17 il 242843 531 A R.=800 mm
FIR=400 mm Hy T M2 F1 M3 J2 M1 11 S 5455, 25 5 | A Jis A Y SR AR A0 o ™ 5 ) B ol AR . o TR AT g Dl
IINMGHL) FE R, A5 R e B R I AE 82 LA o M4 S AiE HE A 455 e HL R i iz 1Y) 3 i
F5 808 nm 14 37 JIE T 5 1] f5 PN ) — TR B A5 1064 nm S 5 55 AN 808 nm ¥4 5, HoAth 3 B ¥ Wi 4 i e . 5K
5 v R T R Ak SESAM B AR B 7E AR AT L K BB HON R AEE B % E Flua=70 pnl/em’, JE 16 A1 FE
8.=0.4% A5 BIE J=3 mJ/cm’ P& Hl PR B AR=0.6% , YK B I [A] 1=1 ps. A T B4 NG (R P L BR T SESAM
B 28 AT YA A A i A7 o0 R RS O AT A Y 1 E B AR O R MR AT [ E 7E RS 350 mmXx 150 mmx 10 mm £8 58
Ak K R R AR I .

H 3 £ A 0 N R SESAM B B BE R SE AN S R BOE R R i8 5C 3 B3 L2 I [ {8 2% 7F 1 SESAM
B, I T AFANVC L . % B8 21 25 4 0 AY A B B (TR L), R 8 397 6 3 ABCD 4 [ 7 ik AT AASE 401 3016 28 10
PR IX , JE AT A MBI 3540 T 3 25 A 5 E M2 M2 1 M3 M3 £ SESAM X 48 (1K B 43 51 24 90,400,800
200 mm, 153 F) 14 45 40 JT R SESAM E OB AR 530 H,=100 pm Fl 0,=50 pum, Q1& 3 B . Al 0L, 24 TFL
KT 200 mm B, o, Flo FEA CREFAAS R B2 I I B FoE MO R0 th D, P4ty FLa &,
i FLRARAE Nd = YVO, %R T LD YR8 Bl & 5 T 1] G BE R ST 24 200 umx400 wm , [7] BF 76 52 35 M2 037 # Ab 4
A JTE BRI LD 9 Ak 2 o 1) BRASE , L3k B 9002 't 55 18 P9 O i A5 2 DG AT 52 B0 R A 1) A o

0802009-4



L G-
2 RFHE 25 A0 A B AT SR IR IR I A G2 B Ry 1.5 m, X I AR K b 2R S 100 MHz
JEE P Il 5 B DK P BE B E,.=35.2 n) s 7 FR 8 BRI N SRk sh BE i O B, 1Y 3~5 A5 THSA, SESAM I Y RE % i N
1.34~2.24 mJ/em’ , /N T SESAM (945040 {8 ., B I AT HIAS 23 % SESAM 3 Ui 45
WOG A8 A FALZ 5 T 14 D R B A2 D) R 0 AR A, B 4 TR o Y IROBGHE G Rl 344 mW BHEOE
PR o . MW AE S D) RN & 520 mW B T bR B0 AR G 1 S BT Ik o, b R IO R A T2
U1 97.5 mW o YW IHEZ G TR 1.1 Wi oG a8 4 210 mW ) 3% 2 B0, xR -6 5% e 300%
FRMRICR 53 0 R 20.5% F1 25.6% 35 N2 Y6 T 5 3 e K, WU A2 D) 320 2.82 W, M JOG#R i i1 412 mW
1) 75 SE RO . NIRRT LU Y Y WU s TR/ 1S WORE OGRS R AP i gtk s X gk sk
HEMAHAZ 0 A0 A% B, G- RCR MARNRCR AT BT

500 T
140 QML .
& 400  —e—CML T
120 . % |
g : 5 300} e
<100 E 4
g g, e
g + 200
5 80 H O s
= b =20.5%
60 ) O 100} & °
. A
A
40 0 1 i 1 1 1
0 0.2 0.4 0.6 0.8 1.0 0.5 1.0 15 2.0 2.5 3.0
Thermal focal length /m Absorbed pump power /W
3 SO A R PRI SESAM F G BEJ: 42 Bl $1 AR B 119 22 4k Pl 4 %t ) 56 B b B D) 5 1 A2 4k
Fig.3 Radii in the middle of the crystal and on the SESAM Fig.4 Output power versus the absorbed
versus thermal focal length pump power

BT OGRS o 9 3 XA HICHA , AR Z) R E RO R G MR E RS . YR HETE R 1.1 W
fF, LD & #4 8.06 Wi Nd: YVO. &K 0.87 W i % AR WU Y 4.65 W Hhiz e U 5 4E A it v A 1 W Bk
OGRS & TR, W R o 9.93 W, 5 F Tt B #CF A S M AT . B, BARBOL A8 Ak o = TR
B TP —F s, (2 2% R 38 3R 40 0 AR E T PR 1 210 mW Ak S T4

FH—A> ETHATIF R A 1 ns 595 3 i 6 HL ER 45 (DET10A/M , Thorlabs) Fll— 4~ 56 4 1 GHz B 50778 I 7%
(DPO 4104, Tektronix) Wi Ml T 1 55 &b (4 SRk wh 08, W18 S B o B 5(a) 4 B 18] 43 328 2k 10 ns/div, 7] L&
B b & 3 Bk o 5 3930 10 ns, X W B A2 05 RO 100 MHz, 5 K AHAT ; I 5 (b)Y B 18] 23 3% 5% 0 400 ns/div, AT LA
ﬁﬁ%ﬂﬁﬂﬁ#ﬁﬂk%%@ﬁ FoE

TAE A T TR I RO B ERE , WnE 6 R o A SEOGAE LD DR Al ) % R
iﬁﬁl¥i’«?ﬁ M>=M?=1.15 , W FaE i S BRI BOE #5817 78 TEMo 2 .

(a) 10 ns/div 0.35
= experimental ®
| 0.30} — fittering
= ° expenmentala)
£0.25F — fitteringw,
0
=0.20F
g
=0.15F
00 ns/div
(b) 400 ns/div gO.lO [ ]‘4}1.152
= M =1.147
0.05F f
0 A i i A A i i
-80 -60 -40 -20 0 20 40 60 80
Z /mm
B 5 AR RUAL B A [ B ) 23 38 R T 110 A ik )7 51 FEl 6 J1H MR TAE AL G i H 7
Fig.5 Oscilloscope traces of ps pulse trains in different time Fig.6 Beam quality factor measured by knife
resolutions at the work point edge method

FH AR 3L 28 17 A0 DA 5 T4 AL 330 A9 Bk 58, HE — 1k 8 B [ A G il £ an & 7 Bras B S S bk ok
sech® A, W H K 58 20 15.5 pso 11 (5) 201 (6) A 55 B9 A AR Jhk 55 43 ) R 16.7 ps F121.6 pso 5 52 Jik v AH

0802009-5



S I S
FE, (5) 302 (6) 3 Ay A HE 42 w85 T 29 32% o (5) 25 S0 ok B 9 Bl /) D 22 107 2 I PR 4 8 R A 1S 453 76 5 B
Z 8] BRI 22 5 Y
X AR A B9 T PR S A Sl R RS PR AT T, S 2R 3 h A SR AN BT 8 i o OB TR
LD BT B2 3 2o H i S A SR AR DI ARCRAR R BR 29 0.3 s, i BERAE I FR29 0 30 sl WL, BOL I R b
It B2 [ 20 A8, TP HIL 280 29 15 min B AN 8] /5, 806 20 5 0 LD B2 B R B AR R A . &b 5 Mot T %
RMS i 8l AN H AT 1% , 852 PR AR 21 45, e WIARGE T T35 i 8ot 19 9l s K% B sk e R4

31 = experimental dgta | Sl i | R
8 sech? fitting \ 1
Zosl pylse width~15.5 ps E 0.25 36o
z = 0.20 345
£06 2 E
£ 20.15 32 8
204} FWHM < g
= 24 ps £o.10 30 £
50.2 3 1A
2 0.05 28
3
g0 T
< 1 0 ! A ! 1 26

-60 40 -20 0 20 40 60 0 05 1.0 15 20 25 30

Delay /ps Time /h
P 7 SRS ok o rry iR 8 B R O 2 (&1 8 3y 2 I 32 A PRt
Fig.7 Autocorrelation traces of the mode-locked Fig.8 Measurement of the output power and temperature
ps pulses stabilities over three hours

HRE TAE A5 DA B 3% 2 RS B A 1) S 880, 0 Z T A RS R TH E AT 30 0E . TAE SR 3% P, =210 mW,
AN 100 MHz, W) g 50 0k BB & E..,=2.2 n) 5 % 1 B i 35 ok 5 0 N Rk oh e i E,=110 nJ, 292
E, 1 345 , BE S 345 3% SR BIURE 0 FRUE 38 i 5 I A5 3% SR BT i /N T SR Q IS B R D), 43 518 100 mW Al
60 mW , X L7 i P BRL Jok i BB £ 43 551 R 50 n) A1 30 n), SEEIS TR MY E,.=35.2 n] W1 55 ¢

5 B %

i 6 SESAM 8 sl B HR IS 1 43 AT, B H I 50 0E — > T Sk o 1 104 B sh RS ik v Rk oK Rl — & AR
FE P RO B A Y B B KUY 1064 nm SESAM 8 AL B2 BB OB AR 5 A% o HAME RS R 350 mmx 150 mmx
50 mm , 45 F4 A 24 g H TR ASAL B 2 Dk 210 mW, 5B R N 100 MHz; P45 bk 55 4 15.5 ps;
J6 A B R T MP=1.15 5 HA B 18] S 249 4 1 0 56 RMS R B PRI T 1% 0 1% 30648 1T 8 S o] 5 1 R 7 306
T 2200 B RO OR o

£ % X

1 Keller U. Recent developments in compact ultrafast lasers[J]. Nature, 2003, 424(6950): 831-838.

2 Dabu R, Stratan A, Fenic C, et al.. Picosecond laser system based on microchip oscillator seed[C]. SPIE, 2007, 7022: 70221B.

3 Eichenholz J M, Li M, Read 1, et al.. Future trends and applications of ultrafast laser technology[C]. SPIE, 2006, 6100: 61000H.

4 Weiler S. Ultrafast lasers: High—power pico—and femtosecond lasers enable new applications[J]. Laser Focus World, 2011, 47(10):
55-61.

5 Liu X, Du D, Mourou G. Laser ablation and micromachining with ultrashort laser pulses[]]. IEEE J Quantum Electronics, 1997, 33
(10): 1706-1716.

6 Huang Wenyu, Feng Dejun, Jiang Shouzhen, et al.. Erbium—doped fiber laser based on single-layer graphene saturable absorber[J].
Chinese J Lasers, 2013, 40(2): 0202001.
WOCH, WA, LR, A BT )R A 880 A RO A 1B BB A OG R [D]. T RO, 2013, 40(2): 0202001

7 Zhu Pan, Sang Mei, Gao Yang, et al.. Wavelenght switchable passive mode-locking fiber laser based on single— wall carbon
nanotube[]J]. Chinese ] Lasers, 2013, 40(2): 0202005.
& OB M E B, G LT HORERR GOKRE I IS T D) s SO 2R RO ER [D]. D O, 2013, 40(2): 0202005.

8 Chen Guoliang. Research on Novel Passively Mdde—Locked Fiber Laser[D]. Hefei: University of Science and Technology of China,
2011.

0802009-6



A I S
R 1 B2 O 28 B 3 BUOG 2F OB AR A 5T (D]. A I v B AR 2 HOR K42, 2011,
9 Liu Jinghui, Tian Jinrong, Hu Mengting, et al.. Burgeoning developments in high repetition rate mode locked solid-state laser[]J].

Laser & Optoelectronics Progress, 2014, 51(12): 120001.
XNt H Ao, TR e, S R R I o A R R O B ). SO SO AR HE R, 2014, 51(12): 120001.

10 Li F, Liu K, Han L, et al.. High—power 880 nm diode-directly—pumped passively mode=locked Nd: YVO, laser at 1342 nm with a
semiconductor saturable absorber mirror[J]. Optics Letters, 2011, 36(8): 1485-1487.

11 Liu K, Li F, Liu Y, et al.. Compact diode—directly—pumped passively mode-locked TEMy Nd: GdVO, laser at 1341 nm using a
semiconductor saturable absorber mirror[J]. Laser Physics, 2012, 22(1): 95-99.

12 Mao Xiaojie, Bi Guojiang, Pang Qingsheng, et al.. 20 MHz compact high power passively mode-locked Nd: YVO, laser[J]. Chinese J
Lasers, 2013, 40(10): 1002004.
B/, BB IEVL, P PR 20 MHz 55058 780 18 D) 5 2 B Nd = YV OL OB R (1], 1 [0, 2013, 40(10): 1002004,

13 Honninger C, Paschotta R, Morier—Genoud F, et al.. Q—switching stability limits of continuous—wave passive mode locking[J]. J the
Optical Society of America B, 1999, 16(1): 46-56.

14 Haus H A. Theory of mode locking with a fast saturable absorber[J]. ] Applied Physics, 1975, 46(7): 3049-3058.

15 Liu Ke. Investigation of High Average Power Ultra—Short Solid State Laser Technology[D]. Beijing: Sciences Technical Institute of Physics
and Chemistry, Chinese Academy of Sciences, 2014.
X AT e T Ty AR A Pk o B ASHOL B R AR ST (D], Jb e o R A B B HOR R T T, 2014,

16 Koechner W. Solid State Laser Engineering[M]. New York: Springer, 2006.

17 Paschotta R, Keller U. Passive mode locking with slow saturable absorbers[J]. Applied Physics B, 2001, 73(7): 653-662.

18 Pitts D, Sissom L. Schaum’s Outline of Heat Transfer, 2nd Edition[M]. New York: McGraw—Hill, 2011.

19 Yang Shiming, Tao Wenquan. Heat Transfer[M]. Beijing: Higher Educatin Press, 2006.
Bt g%, B SO AR A= M. b w5 S5 30 Hh A, 2006.

EEHRE: K R

0802009-7



