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Abstract

Under considering the reabsorption of ground state, the quasi-three-level rate equation theoreti-
cal model of Tm:YAP self-Q-switching solid-state laser was established, and the crystal doping
concentration of 5.0 at.%, the length of 5 mm and the coupling mirror with transmission rate of 6%
was determined by numerical simulation, which provided a theoretical basis for the realization of
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stable self-Q-switching pulse output. The pulse width, repetition frequency, peak power and pulse
energy as functions of pump power at 7 - 18 W were discussed. The pulse width is 5.1 ps, the repe-
tition frequency is 22.7 kHz, the peak power is 12.1 W and the pulse energy is 61.9 pJ.

Keywords

Tm:YAP, Self-Q-Switching, Quasi-Three-Level, Parameter Optimization

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

AR, ANSOCHRTEROETEIS . WORMIE . KA PRI 77 T 2 EEAER, TmYAP
IRBOEE I RALT 2 um BHE, A FRAERE 1, X AR 24, RGP, BRI o
ST TR, BRRER 2 132 B AT ORI [L] o BRpPIOe BA ko 25 . SRl u A . W[ Dh 26 A E AT n]
W s 2], MRSk b O EE — A F B2 i Q #:4E, A Q — Moy N3 Q F#kzhii Q,
F3hif Q W WA ERAE T S MUMEL B2 Q. A Q. HOGIH Q 55, #izhif] Q MIEALE N WUE — P
WA RE, 8 LA R Crov s 24 (1 AR L BREEPTRISE . SR, 2301 Q ML/ i I8 IniA Q Jotd:,
T I FFD ) AR I 0 T RS, i B 5 A AN R s DA S A AR s G5 M S Ak sl Q WO AR AE I I A FH v
RS, =38 s AR, (RIS AR AN SO 45 4 B PR ) T O3S (0 B Rk b RE = [3] 0 = AR RPN
TR Rk i o — P L2 I Q (SQS), H Q HFsiskth, TEMSAATEZE MM Q ok, B Q fkrh
BOLR MR R, B, Hoh, BERBFEEMR, Ao EEmICFEThR4], Fit, XEoh
ik 37 R 7 B B .

AR OA — T HOE I Q ki 7 #I Wt st dikiE, 1993 4, Li Shiqun &8 A1 [ 28— & HXUB
A Cr,Nd:YAG 1EABE A B0 E W Q Bk ok #8[5], 2005 4, Su Liangbi 2 A#i& T Yb,Na:CaF, i
ot R/ 1.5 pus, TEMRN 28 kHz Ikt 741, AT ThE N 400 mw, &R
2N 20.3% [6]. A5 A I Q Mk Rl A I, Fr= A LI BT X5 B 1 v i — e 1 o mT R
WSS -, 171 o3 — R E O R P AR OGRS i BRI . BRI RIHERS , 1 pm BB B I Q ik
MHEOCIA R, BN WS 2% A8 N> A1 YR E ki 7, 2012 4E, Gupta Pradeep
K25 A H SQS % Nd:YVO, Btas, r=tEbkyh 5 2 460 ns, HAEANF N 61.2 kHz, H ke~ 10 pl,
SFE T E 0 600 mW, HH Ko 914 nm [7]. 2014 4, XuJinlong 28 ANBFFT T E i Q IEATHRAL XK
K Yb:CGB #Ot: 88, WAL K254 Elb #2246 1052.6 nm Al E/fc #24% 1057.7 nm, % tH ik 5 51) 5.4
9 35 kHz, Mk#bHeE A 287 ns, fx i ZE N 416 mW [8]. Song Qi %5 ATE 2015 EARIE T % —Fh XUk
KH M Q WOLAS, MHEBIEBOLA, Hith rh.0UkKy 1056.86 nm F1 1060.23 nm, ik 6 F£ A1 EE &2 4
53108 2.02 ps A1 50.2 kHz [9]. [A4E, Cai Wei 25 AH Tm:YAP BOt285880 SQS fkpfdarth, ikl
1988 nm, Heki kb HF LI 7] 1.64 ps, A Z 65.16 kHz, ~FHMHIThZ 1.68 W, Crhis ™4 (i Q ik
PRI A AR O HAGE 5 250N [3] - 2018 4F Zhang Bin 25 ARIE 7 H I QTm:YLF o 2%, ik 1.91 um,
FH . B JiK B8 I B S22 73 300009 1.4 ps Fl 21 kHz, ~P¥%HDhZ0N 610 mw, JFEEERH HIH Q Rk i A 5k T
HE = R T ORI IR SOSOR[10]. HATOS T H I Q BkMBOEARTE 1 um W BRI Z, MTE 2 pm ¥
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FRR %

Bmt sk tib, kTR B Q Bkt BOG RN LRt tH P R R A 3, RORAFAE — L8581, A
WE E U Q Bkt As I AN HEAT AR 04T, O 1 EAF I T B Q Bk oL R 1 R, A
OB ARG B AR, SRR R B IE I R 2A, IRBIRISEL o8 5 Q kot
A R

2. MERGIFRBET

Tm BOGEE T Tm®7E 794 nm I A SRR, BT LLEL 794 nm [ SR STHTR AT IR IN 28 5 72 1.9
um (FEOCH AR TROLRE, BD Tm® Rl — A ST 27 A R AN T BOE BRE R OE T, AT
LLRIENH, + *Hy > 2°F, « LL 794 nm (SO NFTEWIBIRT, A Tm® ORI 6 i e KT 5
*Hy BEZUR, ANBETE *H, BEZCKI TR B, 76 1 R B ST AN C SR S O R0 IR A 78 31 °F, s b, 24 °F,
e IR T HOR TR B 8 —MEI, 7F °F BN *H, BE G2 10T Bk T U e, I R s P ) Q
ERBAZRE, A 1.9 pm BBOEA[11]. R =RE RS, BOLKIT &S BEIRKROLR %™
AERKRLTATR, FEEESERCIN(GSRA), GSRA HFEEART LR rIEAIN, Kb e it 7 —Fa
ME I Q FF L. JT LIRHEMR, TmiYAP B FA Q IS AT LURLEAE *H fe g™ A ki HE M
FIHA GSRA HLH, 14 12 Tm & T HRE SR E i, L2 R FIMOEHI RE R L5 GSRA i f:.

—H,
b 3 Q-modulating
/ 5977(cm)
— _
N ———5605(cm)
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Figure 1. Diagram of Tm®" energy levels
B 1 Tm* e RREE
Tm:YAP H i Q kot &% i 2 75 #2 A] o A [7] [10] [12]:
dg(t) gt n(t
%:%[man(t)—%—Iog(l/R)—Q(t)]+nw§l% &)
) _ (5,4 1,)| 2ePe_ AN n(t)+ &N )
dt na,lhv, o T, 2
Q(t)=o fiNI I'(St)ln(uz'l(t)J @)
hy
Is_(f1+f2)07f @
hv
(1) =90) e (5)
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Horp, ()AERENBRRDE T8, QAN N BRI SR T B L, (3) SR BRI R I, (4) 93

T ST T Y AP [RANSESE, (5) A UM i/ R IR N O S . TR b 4%

W2z 1[12].

Table 1. The physical meaning and numerical value represented by each symbol
1 BHSRAIEENEHE

SRR SO HUE

755 (FA) LUEEN< '8 H1E
o(cm?) T:YAP ()5 K SR 4.7x10%
f, Tm® o 3k, RSB 222 5 4 0.46
f, Tm® v *Hg BEZR IR 24 B H 4 0.017

[(cm) Tm:YAP [t K 05
T.(s) JiE N OGO T A7 1x10°®
R R A B S 96%

@, (um) B4R 200
o, (um) BB A7 160
N (g/cm®) T 544K 5.0t Y HHL T 4 %L 9.985 x 102
7 (ms) Tme* v °F, REZR (075 fir 44
h(3-s) e BT B 6.62x 10
c(m/s) Sk 3x10°
% (nm) LK 794
2 (um) i K 1.94
L IR fs [ 5 s 45 0.005
7, BN S s 1.6
m TR 0.74

R 1 SHUEHN()-B)X, IR P, 8 10 W I, AT LA B F- 5006 T 18] 1) 22 1k it 26 18

Wil 2 i, Ferb ) 2(a) 3o SOFORE T80 FEBE I 18] AR AL 15 L B 2R

RIEN, 7E °Fy REZURT °H,

RER TR AL TR R, ik B —E B, REHRLTHIR R Bk, B2 SRR BUK-FIHa T
B, JFAeTank 2(0) s, R THAR R RE PR EA e T AR, HRER TR SRR
IR TR, 6T A bR RBLHOR KR o ] 2(0) RN IR AR, AR IH REEIEAN,

T AR RSB RN B

RIS 8 A 2 T AR A e A iR e, e R, SR E IR R TR

=, WEE R TR R, B A, R ket SRR R S, P T RRE

8 Q fikif it -
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Figure 2. Changes of particle number in the cavity: (a) Inversion particle number density, (b) Photon number in the cavity,
and (c) Reabsorption loss term
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3. BHMULESITR

N TR SE6 T R R ATAT PSR AR, AR SCIHL T - S HO it Th A B RS, R 38R R AR A 1
S 3 FoR NS B 1 S i e B K . SR B P s S R, ST g K 794 nm
ARG B R, FEEREN 400 um, HUEILAEN 022, A 11 MEESRAE R &t
TM:YAP BOGRAN . B8 ML T IEE, 254 1.9~2.1 pm 45 A1 780~800 nm sniB S, ks M2
24208 300 mm, LA 1.9~2.1 pm ot I EAEIE I R TE T SO AT I R
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Figure 3. Experimental setup diagram
B3 skEE

PiEAE R E 4 FioR, SHAFRBEBIRE. SEKE. DGR RELRT, MilIhEmn
ey, RBRAERH LR, REEE 7~18 W i, ket Eslfaeimt, FtRITSEZmIhR N
7~18 W HHT M 78« ] 4() F/n1E SR K 5 mm, M2 310 58 6%0T, 5 44K 1.5 at.%.3.5 at.%.
5.0 at.%) Tm:YAP ghfk, i th D& & il D3 At it IR ] LB SR, 76— IR FEVE
W, $BAIREE 5.0 at.%I1 Tm: YAP Shik% R RS w1 BOGRdcR fm, R e IR
PERMIE, FEARIKE M SLT; BT 5.0 at%f TmYAP 54K, HIWEE W, Fiseitd, &%
13 45 449K £ 9 5.0 at.% Tm: YAP k. & 4(b)F R M2 3B RN 6%, BIKIE N5 at%l), &k
KRN 3mm. 5mm. 7 mm. 10 mm [ Tm:YAP éidfak, itk D)2 b i D AR ol MBI a] LA
HEAN, £ ENSEKETEERN, SAEKERNS mm ) TmYAP k8 R R ek 0w, mH e
B B, LG, BATEMKE N 5 mm §) Tm:YAP k. & 4(c)FRBIKE )y 5.0 at.%, K&
95 mm i, S M2 BT N 2%, 4%, 6%. 8%, fithIhRBEE IR WA
RIS H, RS S M2 BB F0N 6%, i IR SR R, BOGEIRECR R S . 4R BT,
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Figure 4. Output power changes with pump power under different parameters: (a) Crystal doping concentration; (b) Crystal
length; and (c) Output coupling mirror transmittance
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Bt M2, 15BNk S EAAER, WEEDIER, Bkt aeERZm 2B R B, Wk 5 B, K 5()
T Ik i PR I 2R D 2 (P 3G I el /N R I R, B SRR D 2 IR AR A e S ok P22 . ] 5(b)
o ik e E A A0 B AR VR T SR 1 I K AR R, AR R K. B 5(c) R R (B Th AR BE AR I
THER BB AN BT AR, T LAk A Sl B 5 o ] 5(dl) 28 B bk Bl B it 58 TR 0 3R 88 g A% K )
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Figure 5. The evolutions of (a) Pulse width, (b) Repetition frequency, (c) Peak power, and (d) Pulse energy with the increase
of the pump power
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