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Abstract

Acousto-optic Q-switching is the most common method for solid-state lasers to realize pulse oper-
ation and obtain m] pulse energy. Acousto-optic Q-switching can strictly control the repetition rate
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of pulsed laser. Yb doped rare earth calcium oxyborate crystal is a low gain laser medium with small
stimulated emission cross section and strong energy storage capacity. It is suitable for the opera-
tion of acousto-optic Q-switched pulse laser. Under the longitudinal pumping condition of 937 nm
semiconductor laser, the characteristics of acousto-optic Q-switched pulsed laser in Yb doped rare
earth calcium oxyborate X-cut Yb:YLuGdCOB crystal are studied by using a flat concave resonator.
Under the condition that the optimal output transmittance of the resonator T = 50%, a stable acous-
to-optic Q-switched pulse operation in the repetition rate range of 1~20 kHz is realized. When PRF
= 1 kHz, the maximum pulse energy generated by acousto-optic Q-switching can reach 1 m]J, the maxi-
mum peak power generated exceeds 166.00 kKW, the laser slope efficiency is 26.6%, and the shortest
pulse width is 6.0 ns.
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Figure 1. Acousto-optic Q-switched laser experimental device
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75 6 Q kB et i Th 2 B2 i 2R (A8 4k, 45 3R B X-VJ 1A Yb:YLUGdCOB & /& i] 7E 4 il &5 1%
IE# T = 10%~60%[F1 G H A, SEILFRE IR G Q BkitOtIE . HHSI0 i e IR VIR i B i Hh g %
N T =50%, FUELLPRGE N RAERIT A T = 5%A A,

TERAES B R T = 50%5% 14 T, Yb:YLuGdCOB i /A RE WS 7 ik # 5 % PRF = 0.2~20 kHz ()7t [l
P SEELRRE I LT Q BOEIRY . K 2 JBIR T R PRF = 0.2~1 kHz 1500 F, kbt o 2 Bt 25 Wl
RN R, NETE, EFHAHT T = 50% NFESR (ew)iii i Th=R, REH 3 Q %
BETERE P AEAR it 0 S A R 20 Th 2 A 0 B A 1, DURE4ERFEOGIEIRIE I BUAAS . 78 = B % PRF =
10~20 kHz MIFEHEIA, Yb:YLuGdCOB iR i) A G Q it ReE I ZZ IR Ao — 8 MDA 7 A 1 ik
Mg IR, WARTIELL R TR fln, TERISIRIH IR Pays = 22.7 W, B F )y 20 kHz i,
PR TR N 47 W, AR TIESI M T 5.3 W, MK O RER R s = 26.6%, BRAL T
LR IS R RI A 28.7%. (£ PRF =1 kHz MMRE SR &M, AU Q BMIMEZRIMYIZ Papsn = 2.1 W;
I MBS, Bk HH D36 P ags = 10.0% R38R IG NN, TEFRTH D% Paps = 13.6 W B HLFK PP RE R 1 mJ,
{ELZ ikt Zh 26 Py N 1 W
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Figure 2. Change of output power versus absorbed pump power of X-cut Yb:YLuGdCOB crystal acousto-optic Q-switched
pulsed laser
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Figure 3. Emission spectrum of absorbed pump power P,s= 11.9 W for the Yb:YLuGdCOB crystal acousto-optic Q-swit-
ched pulsed laser
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Figure 4. Change of pulse width versus absorbed pump power for the X-cut Yb:YLuGdCOB crystal acousto-optic Q-swit-
ched pulsed laser under output couplings of T = 50%
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B, Tkt FE A AN 10%; S A0 Q TR, I BLAC kot 585 B 391 el A I 45 5 e
(1, AAELE ] WEEEIR FE ). ASCHHE T X-P)H Yb:YLuGdCOB &A% Q kil =S 4L,
W 1 PR . IXESHOSE RN IR Poy, BKIHRER Epr BKOFUEIE t,, WE(ETIER Py FTLAE
FEHEE A PRF = 1kHz I5&AF T, iGshm K Ikrf e E, = 0.996 W, s {H )4 Py = 125.00 W

1.0 T T
(b) PRF = 1kHz

—~ 0.8- i
5 | t,=6.08 nm
)
> 06 =
= ]
C
D 044 =
£ | PRF = 1kHz |

0.2 J (a) .

00 T T T T I N

-100 -50 0 50 100
Time (nm)

Figure 5. Acousto-optic Q-switched pulse profile (a) and pulse sequence (b), measured at pump power Py, = 11.2 W
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Table 1. Laser parameters of X-cut Yb:YLuGdCOB crystal at different repetition frequencies
& 1. X-$11E Yh:YLUGACOB @A EEESNE TR S H

PRF (kHz) 0.2 0.5 1.0 2.0 5.0 10.0 20.0
Paur (W) 0.136 0.400 0.996 1.789 3.062 4.12 4.663
E, (MJ) 0.680 0.800 0.996 0.894 0.612 0.412 0.233

t, (ns) 8.9 6.4 6.0 6.2 9.2 12.6 21.2
P, (KW) 76.40 125.00 166.00 144.27 66.57 32.70 11.00

4, X-¥119 Yb:YLuUGdCOB &G#FHIE N Q kAR IEIS HE

MR = Be A R 301 Q Bk S B B TR A 20[11] [12] [13] [14] [15], AT H Yb:YLuGdCOB
RIS, AR S BRI SRS SR R, MRS HEEIE T AE R Q ke
Btk R Bk RE AR S . T B SEEAE R 2 .

Table 2. Parameters used in the theoretical calculation of acousto-optic Q-switched pulsed laser characteristics of X-cut
Yb:YLuGdCOB crystal

%2 2. X-1J1[E Yb:YLUGACOB @ iAE i Q Bod#y s IRt T Ed 2 BT A EIHI S H

ZH g
Wos RS K A (nm) 1030
B2 PR Oen (1072 cm?) 1.62
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FEHR T ] s (10720 cm?) 0.12
dm 7R 675 1 ¢ (ms) 0.93

Yb B 7 N, (1020 cm ) 6.23
AR | (cm) 0.50
IR FKE Le (cm) 12.6
FAHEBEEAE w, (cm) 0.01
WOLELEAE wy (cm) 0.007
R BT T 0.5
R I AR AR FE Ly 0.02
BOttTRER h, (107°) 1.94
R TRER h,y (107°)) 2.13

FEP IR (BT 2293) I LT, BB THEL T 75 (KM A P ) B, BRI R R, AIHOL A i AT RUEA AR Ve,
A %R T A 2SR [16] [17]:

1 R,
— = Tabs 1)
A T
V, =l 2

S EEZPRF =1, 2,5, 10, 30 kHz, FEIHIIZE Py, = 10.8 W AT, 6T Q Mk 8 &A1 fik i 5
FEM 7 BT . 2 3 et VM EAE A EAE I L. R Epca 1 Epexp 23 A MK E 2 (1) 11 SAE AN
Al Tty ca 1t exp 70 ) iR 58 FE R THSAE AN S AR . RATER], AREERT, kebaeEMEIRT
S5 IR S B AE AT S A 20 (EX Tk e B2, BRI S SR B I AAAE B IR R E R, X
FEAREE R TIONE . X — R R T, AT EITH ORI TP i B s B ol b e
BOGA 5N SR80 N DG T3 gl B A 38 5 B ) 23 1) 23 A1 (B 5 (r, @) B(x, y) oK) X — 1R,
XFFEBIE Q WOk A & EIS THEL IS mAR AN, B XD 45 ki 58 BE K v ST RAR R iR 2 [17] 6
Table 3. Comparison between calculated and measured values of Yb:YLuGdCOB acousto-optic Q-switched pulse energy

and pulse width at different repetition rates
3. FEEEERT Yh:YLUGICOB AEtiff Q Bk st Bk A3 E it HE SN EEMELR

PRF (kHz) 1.0 2.0 5.0 10.0 30.0
N; (1020 cm ) 1.82 121 0.74 0.59 0.49
Ny (1020 cm™3) 0.04 0.11 0.25 0.34 0.41

Epal (MJ) 2.360 1.450 0.638 0.325 0.109

Epexp (MJ) 3.100 1.550 0.636 0.337 0.114

tpal (NS) 2.8 4.0 8.7 17.2 64.0
tpexp (S) 23.9 24.3 24.6 26.0 42.0

1% 3 PR TR BEE AR SE AL, JRFIH T N AT Ny BOTHEAE . BATE R, BEH E R R FIRCRE
I 18] 7 A8 AE) » ORI 48 2 S A ) SO 74088 P N AR DR /N Tk i 45 SRRSO 1 5T P9 R AR D B
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BRI T B N AN . 24 ko 88 2 R P2 2 PRF = 30 kHz B, Ny AN O ZE{E ORI 24/, X0k
FHHOCN RN E IR 2K, NSRS E SR T AERRI 2 0E, (NRAE RN Q —
ANEG N, WO R R EBUIR 2GR SR T B R I A ik, T 4k 2k
T E—EE AN BOCHRIE . G, & EEREA N R R MBRIC, XA G Q Mkitisot
BB FL b, I Q Mot B i i 2 I 5 5 242 =i 3G

5. BEE

FREBE Q —HF, Al Q t RIAMOLA Sk MIZEE . SR1F md S (SR T k) Bk v g 5 1 i
W T RS [ e R KOG, AR Q W R A A& M R k. SR, Skl
W Q IHEEAEME, Yh B FHOCH BN A G Q MM ISHIFT, TR e FERIRIE b, #XMELL 543)
W Q W FLAH LY.

BATHE 937 nm P FEBOCRR IR R FM T, FAHPFMERE, X8 Yb W8 UEg 2 & ik
Yb:YLuGdCOB (¥ 61 Q Hki A r MM T BRI L, #i5E T ANF SRR LB 2 A% Q 1Y
Jikr B S ARYE L S T R kO GIE SR I 1 md kP RR R, P AR R B OK VA D A
it 166.00 kKW. %fT X-1J[A] Yb:YLUGACOB fnfA, it At Q MM A IEHRIEfi thiZEid %8 T = 50%.
TEIX—HHIEL 5T, ILHl 1~20 kHz B 5 R Y6 N AR 175 6 Q Bikmuig#s . 78 PRF = 1 kHz [E G2
TR, I Q P AR KK REE T IA 1 m, FAENKIT TN 6.0 ns, MIBOERIZAEN 26.6%. HRE
HE= BRI R E B Q Bk oL S HEIe THE A, R Yb:YLUGICOB sk il =S4, S A it
S BRI S, TR T AR EEAUR FRA ORI Q kb ReE ANk T .
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