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Abstract

Mid-infrared multi-wavelength solid-state lasers are of interest due to their wide range of applica-
tions in different fields. In this paper, a Tm:YLF resonantly pumped Ho:YAG actively Q-switched in-
ternal cavity solid-state laser is built based on this. Ho:YAG with a doping concentration of 2.5% is
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chosen as the laser gain medium, and the inversion particle number ratio is modulated by changing
the intracavity loss, which in turn changes the intracavity oscillation wavelength. It is shown that a
maximum output power of 1.467 W with an average pulse width of 50 ns is obtained at a modula-
tion frequency of 4 kHz and a pump power of 8.492 W, corresponding to a photo-optical conversion
efficiency of 17.3% and a slope efficiency of about 21%. In continuous wave operation mode, only
a single 2122.41 nm wavelength oscillation is present in the cavity, while in pulsed wave operation
mode, the cavity oscillates at 2090 nm, 2097 nm and 2122 nm simultaneously. The beam quality of
the output laser is 1.64 and 1.65 in the x and y directions respectively, with the output mode being
fundamental transverse mode.
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1. 5|

HZL AN 2 PO 38 BRI AEAS [R5 32 8 T 5 ARkl 22 (003, o Tl &= (1],
ZZERATIR[2], Rk LI AR BRI [3]. DRI, el e AR RS E 1 2 K B — AN EE B A U A . 2014
e, Wang ENKEFNRE A FER R R EAA R - 312 (Fabry-Perot, f&FK: FP)JER A3 4F vk 85
(OutputCouple, f&Fx: OC), EiLZEiH Nd:YVO, 58 7 1064 nm F1 1085 nm i KA Hi[4]. 2019 4E,
Liu 25 AR A R 522 0L (ND: YAG,  b-cut Nd:YAP)I 754k, ARIhSEELT 1064 nm Al 1079 nm Ot FID
By Hi[5] -

(U, DMERIRF AU IR A EAE R 7E DLRRIS Nd® SR VR B0 25/ R0 1 pm 33 B . W B 28 Nd: Y AG [6]+
Nd:YLF [7]F1 Nd:LuVO, [8]. T 2 pum 3 B 2 i K RO 88 IR A IR KR I G0 . 1B — P A 2
um BB A, Ho:YAG Sk &R 2. 1ok, 32T Ho™ v o1 Fl Plg BE B B ZeE 2, 3K
TEAAELL Ho:YAG fiPRAE IS0 a3 25 /i o3 (0 [ AR SO 28 HH SE 0 T 345 Bk K, 4 2092 nm [9],
2097 nm [10], 2122 nm [11]. BRI, Ho:YAG 7 2090 nm H1 2097 nm &b ()52 38 & Stk w1 -F-AH 4%
439514 1.1543 x 1072° cm? Fi1 0.9663 x 1072° cm?, Tl Ho:YAG 7E 2122 nm b 1952 18 R S 1Hi y 0.5392 x 10°2°
cm’, ZUNFTFARRT . IRFERE, BRSNS I RE, AT ASEEUNIE KO . Lei 25 @R
IR Ho:YAG B THEE, 2 BIseBl 7 8. W Kot [12]. 2k, METFHAb &Sk,
Tm,Ho:YAG Ak, EARAT LU A R AL R0 e A E R R IR, (B AP TEROR I 0, PRIR T3
e R . MR, BT HoYAG SR BRI A e 1.9 um 9B, BAE AT LK 45 Tm ok 8%
FEAR 1.9 pm BEBOEOEE N ISR, BRI I 7 U HooYAG @Ak, 133 2um PO, 1X
P, AMUEABARKIETIE, 2058 10% [12], [FIEF, o m] DUR A RS S AL B0 R R A2 Im IR -
IbAh, #9T TmHoYAG dibfAH R HAFE RE s B b3 4 o 5 1T 52 B e i 1 3005

FFULRJER, ASCRAH B TmYLF SOt 23S IR I Ho:YAG WOt ik, StBl 2 um BB
Kottt . RGN 4 kHz, FRHIIZNIE RGBS 4 kHz, FHIIE N 8.492 W i, 3R1G
BOHTH IR N 1.467 W, “FIIRK T8 29 50 ns, XA EFEALREER N 17.3%, RIERLIN 21%.
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2. Ho:YAG &8 m o
TESEES Z 1, B JeRH e/ ZIRIEETHE AR K AL Ho:YAG [#3 25 #111 (Gain Cross Section,
fE#%: GSC). GCS 54 Hi A2 p iR HOC & i s H[13]:
G(A):ﬂaem(ﬂ’)_(l_ﬁ)aabs(ﬂ“) (1)
Hep, pRERFERLTHILE, o, (1) REAEBK AL, RSB IME: o, (1) RELEBK 2L,
SEWORCBIET A . AR THE T BB A0 R AR 1 FR[9):

Table 1. Excited absorption cross section and excited emission cross section parameters at different wavelengths
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Figure 1. (a) Variation of GCS with g for a given wavelength; (b) Variation of GCS with wavelength for a given g
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g Rl 1 fon. B 1(@RRBK—E BT, M GO R R FHLLE g G
#, B 2~-5(0)RERIFERTFHILE p—ER, GAMERKIIZL KR WA 1@ ] LES], BK—Er,
G5 p RIEMK. ££ f=0.075 I, 2122 nm AR, B G0, &%) 2097 nm EHREE. &5,
2090 nm FFaaHRG . BRI HTRIA, BEE B 0ONIIN, WEDBGRERIIEN, WKE#H R EER. HH, 4B
WK — R, M IFEEPINAEAS, AR5 =438 s A4 5390 4 (0.145, 0.037). (0.154, 0.05). (0.158,
0.052). XEWRE, fEX—, BfPASEIFERE XK. thsh, TATEFEER, N TEWNLS, B
5R M2k GU)FIZE /T 0.005. ATLLA, [FlD =K 4 T DUBIE 508 g 5Bl JET ik, JAiTmr
DU I 2O s N ARE, ETmE R K . X — AT BUNE 1) B H . B bR Id i = 5 FE R R B AL AR
538 2090 nm. 2097 nm. 2122 nm. 4SRRI EELER B —ERT, G)5 B NIARLMER R . FTLLE I,
2 BN, BRI N ERAERNRE, a0 f=0.1, MRS, 72T 2090 nm Al 2097 nm Ab 1) G(A)/NTE, #HX
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FEOLS, RSBl s 2615 nm fir i . BEE ENBIFERIRE R, 1 p=0.2, B, =FH G()KBUH
S, GEID KSR AT AR, TDASEI =K A . gk g & 0.3, ATLLE BIUERS 2122 nm 4L G(A)
CE/NTFHAWA. Kk, TEXFHEL N LB K5t . ERMNEZS], T G(2090) % /M F
G(2097), It LAIHCIRF 75 21 fr 3 A A A 252 1A XU K (~2090 nm ~2097 nm)fi i o #E— B3 hndske, (675 4 =
0.4, M, G(2090)5 G(2097) KFAHLE, I H., G(2122)iki/NT G(2090)H! G(2097). FrLA, ULIFFILL
73 2R AEAH 24 XK (~2090 nm. ~2097 nm)fii . 4 #=0.5 B, FRATEIL, G(2090) L4 KT G(2097),
DRI, SIS 2 D B 2090 nm Fart .
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Figure 2. Schematic diagram of the Tm:YLF resonantly pumped
Ho:YAG actively Q-switched internal cavity laser
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Figure 3. Variation of (a) output power and (b) pulse width, with pumping power, at different modulation frequencies
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Figure 4. Spectrum of continuous wave
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Figure 5. Spectra at different modulation frequencies and different pump power
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Figure 6. (a) Pulse profile; (b) Pulse sequences
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Figure 7. Beam quality Illustration: Two-dimensional energy distribu-
tion of the light field
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