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BE PRT —MFHBEOLRE Na®, YO :CaF, EEOE =R EHE THEOEER. XEENUEE QI RiE
B, WOEER K 1. 05 pm, B AKHE R U BME T Y 30 mW, I EE R 0. 60 kW/em® . Iy ATIREIE 5 W A,
PohRERELE 1.5 us, MM EEREN 28 kHz, RFEFHEI WAMBIKE Na©, YB*F : CaF, i ik #1789k 3
iR, 378 B Qs ST B kb . BB HThER N 180 mW, Hif QIKTEN 7 ps, EEFRE N 5.2 kHz, K%
T B GRS O K v B AR AR R Bk v SEEE D 1 ps, BEMAN 183 MHz, X B fk vh E{E T %y 27 kW,

XKEWE  MB Nat, Yb* :CaF, S dh; KBIME; BOEZMEHEZE; B Q BahBiE

mESES TN248.1; 078 RIS A

Self- Q-Switched and Passively Mode-Locked Laser of Laser
Diode-Pumped Yb®* ,Na* :CaF, Crystal
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Abstract Laser performances of a new Nat,Yb%t : CaF; crystal under laser diode pumping were demonstrated. This crystal only
operated in the self-Q-switched scheme, with laser wavelength of 1. 05 pm, and minimum pump absorbed power of 30 mW
corresponding to power density of 0. 60 kW/cm?. On 5 W incident power, the repetition rate and width of the self- Q- switched pulses
reached 28 kHz and 1.5 pus, respectively. By using a semiconductor saturable absorber mirror (SESAM), simultaneous transform-
limited 1 ps passively mode-locked pulses, with the average output power of one laser beam 180 mW and the repetition rate of 183
MHz, were obtained under the self- Q- switched envelope induced by the laser medium. The corresponding pulse peak power arrived
at 27 kW, indicating the promising application of Yb3* ,Nat -codoped CaF; crystals in achieving ultra-short pulses and high pulse peak
power.
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Fig.1 Structure of the laser cavity for Yb, Na:CaF; crystal

3 HiR5iHhe
OB AR S 1R T K PR B B Q e
HH7 B L WOBHY 0 Py 1050 nm, [ 2

RN 100 mW I B B 8 Q BBk R 51, ¥
Jthk B R M/ T 10%. A QBULIKWHER
AR Bk VL il 2 A D R AL AR N 3 BT
POLRK e i T IR AR AR B i3z T 3R 1 38 i 2k vE i, T
FRFERIEHORRBAD . LahRIEME 5 WELh
WA Th A 2.2 Wi , Bk B A2 28 kHaz, Bk 52
MFBRETE 1.5 ps. BIEBAENK —F LIHA—
4~ SF10 B B 5% , K18 #£ 1036 ~1059 nm ¥ K i Fl
PG B BOLIRY

B2 BE—HRERMEZ YO ,Nat :CaF; ffk
HIE QLK ]
Fig.2 A sequence of self-Q switched laser pulses
from LD-pumped Yb,Na:CaF; crystal
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Fig. 3 Repetition rate and pulse width of self-Q-switched

laser pulses versus incident pump power
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Fig.4 Room temperature absorption spectrum of

Yb*t ,Na® :CaF, crystal
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Fig. 5 Average output power versus absorbed pump power
for different output couplers with transmission of 1%

and 2%, respectively
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Fig. 6 (a) Self-Qswitched pulse train of a modelocked
Na® , Yb*t : CaF, laser; (b) a single self-Q switched

pulse sampling from the train; (c) a pulse train of

mode-locked pulses under the self-Q-switched envelope

FEMTE QB Q T XRELK R T IR
FIR Wi i oK 35 B 58 & M A B E . T Nat,
Yb*" : CaF, i A 3 SR 9 98 Q Bk v (2 4 UL 2 o
ThREASRA AR Q FMEMFIEN. —J7E, #
PR THH Q Bk ER MBS E Lz H—
B AR R R EBACE AT RAR K EE B A
Q Bk EEMBHELA N 5 kHz, TRE TEFET
MRS A SR Q Bk ERM R —HER
NABER., H—TiH. M TREEAGRUAHE
Qi NI REE WELZHRR/ T HEH,
DRI~ 5 7 4 R M B BE B B A0 T IR B AR RDIR
B WBR U, BOGE F &M BB T2 AR
R Wit e 3k ) o 5 4 S AR O R e AR R

4 w
B F R R, i )L Na* , Yb*" : CaF,



B HRES: LT REME YO ,Na' CaF, MK BOLHEE 309

AR — PR AR RRER A AR BORE. F
% B3| CaF, MWL S . HERKRKR T
iR AR, Na®, YB*T : CaF, S {75 4 B 75 7] A
W R IOEE 25 AR A IR 5 TR W TR B A
fE.

s % x #®

1 D, R. Tallant, J. C. Wright. Selective laser excitation of charge
compensated sites in CaF; : Er3* [J]. J. Chem. Phys., 1975,
63(5): 2074~2085

2 ]J. Corish, C. R. A. Catlow, P. W. M. Jacobs e al.. Defect
aggregation in anion-excess fluorites, Dopant monomers and
dimers [J]. Phys. Rev. B, 1982, 25(10): 6425~6438

3 D. F. de Sousa, N. Martynyuk, V. Peters & al.. Quenching
behaviour of highly doped Yb : YAG and YbAG [C].
CLEO/Europe, 2003. 337

4 Liangbi Su, Jun Xu, Hongjun Li & al.. Codoping Nat to
modulate the spectroscopy and photoluminescence properties of
Yb3t in CaF; laser crystal [J]. Opt. Lett., 2005, 30 (9):

1003~1005

5 Su Liangbi, Xu Jun, Li Hongjun e al.. Sites structure and
spectroscopic properties of Yb-doped and Yb, Na-codoped CaF;
laser crystals [J]. Chem. Phys. Lett. , 2005, 406: 254~258

6 W. Gellermann, A, Muller, D. Wandt e al.. Formation,
optical properties, and laser operation of Fz centers in LiF [J].
J. Appl. Phys., 1987, 61(4); 1297~1303

7 V. A. Arkhangelskaya, A. A. Fedorov, P. P. Feofilov.
Tunable room-temperature laser action of colour centres in MeF;-
Na [J]. Opt. Coummun. , 1979, 28; 87~90

8 V. Petit, J. L. Doualan, P, Camy et al.. CW and tunable laser
operation of Yb** doped CaF, [J]. Appl. Phys. B, 2004,
78(6): 681~684

9 A. Lucca, M. Jacquemet, F, Druonet al.. High-power tunable
diode-pumped Yb3* :CaF; laser [J]. Opt. Lett. , 2004, 29(16)
1879~1881

10 Dong Jun, Deng Peizhen, Liu Yupu e al.. Performance of the
self-Q switched Cr, Yb : YAG Laser [J]. Chin. Phys. Lett.,
2002, 19(3): 342~344
11 C. Honninger, R. Paschotta, F. Morier-Genoud et al.. Q

switching stability limits of continuous-wave passive mode locking

[J]. J. Opt. Soc. Am. B, 1999, 16(1); 46~56



