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Abstract

The rate equations of fiber lasers with three-energy-level dopants are anglicized. An expression of
the unit step response of the fiber laser with three-energy-level dopants has been obtained from
rate equations in a constant pump power. With these expressions, output characteristic of the fi-
ber laser with three-energy-level dopants has been studied. The output characteristic of the fiber
laser with three-energy-level dopants depends on its damping ratio, and the different damped os-
cillation curves and over-damped monotonic decay curves can be obtained for various damping
ratio of the fiber laser with three-energy-level dopants. If 0 < £ < 1, the photon density curves of
stimulated radiation of the fiber laser will be a damping oscillation curves. If { = 1 or § > 1, the
photon density curves of stimulated radiation of the fiber laser will be non-oscillating monotonic
decay curves.

Keywords

Lasers, Fiber Lasers, Three-Energy-Level lon, Rate Equations, Pump Power

X = RER AR AR R G IEERI N

=RAE
WK AR 2 545 B TRABE, I AREORERF A SRR E RSB, IR Wik

Email: mengxz@Icu.edu.cn

Wk H i 20154E8 H27H; FAHN: 20154F9H15H; &4 H: 20154F9H 18 H

ESI A R X =0 EOR AR R TR AT ). B Y, 2015, 5(8): 77-82.
http://dx.doi.org/10.12677/app.2015.58011



http://www.hanspub.org/journal/app
http://dx.doi.org/10.12677/app.2015.58011
http://dx.doi.org/10.12677/app.2015.58011
http://www.hanspub.org
mailto:mengxz@lcu.edu.cn
http://creativecommons.org/licenses/by/4.0/
mailto:mengxz@lcu.edu.cn

=

X = REFOE A OB IER T RABAT T . EEERBIERNAELT, KRBT ZRIOAHOLRK
ERGTEA, RE T =IO BRI ALY ERTIRL. IR =REZOBE MO 2% K9 AL BRma RLX =
BEZOL A BOGAR KM AR AT TAT AR, BIFTRA: =ML BOLSR f AR BLR T =8 Z0 4%
JeRRHIRE B EE. ST AR, 7T S EIA R RE B TR % #h 2k DA K et RELJB A AT B TR R 4R
20 < § < 11, ZRZOLLTBOLES BB H B RADET B BR R w M T RIR G - 245§ = 1848 > 10T,
ZREFOLETBOLRR ST BIR S ) BALE T HOE BT IR G A LTt

Xiid
Boes, SeaBoLE, =RERT, ERITE, REWER

1. 51§

JeeF Ot a% (Fiber Laser) & #8555 0 RBEOLLFE A A R IEOESS, H il S4By EERE
JR[1]-[4], REMFEIS SSLIT TR, W LAREFR IR OO R . 124, B 1 RH%
BT IEARR R 2T REHAM5] [6], AMTEXS 2 7 FRAE AT T AT SRR 7]-[9]. #it, Chen [7]5 Zhang
[8]% N3R1F T 52k = Re OGB4 B T R UMM AR, SET0R (915 NI = REZOR 4ROt 8 2 10
2R BB I AT 2R O A R AT 7 B AR b FEASCH, BATEE E R ZRIEOT, KR T
CREGUCA OB R TR, IR T SRRSO AF OGBS I AL R L. IRRIH = REOG AR A%
1 BT B BRI R = R A O AR B AR R REAT TR L, A5 IRR B = RSOOSR I R
BT ZRe OGO BB L &0 TR RIBE e b, R LAAS 204 5] BH & (1 3 a5 ith 28 LA Rt BH e
IR IR 2R . 0 < & < LI, ZRBZOGLFHOGER 32 W0 S I AL G505 B LU ood R
Wetio =18 E> 1M, ZReGGABOGAE SR S 1 5 A 140 B o435 s i 7
2. SRGRARKBIOEESEA

TEZReOeAr ot , EPPAEES B TRE B MRE By =/NREg, @il iz id FERe a8 LA
—E WIS AT IS By R F S 2R S B, AT HURS B MR TREBS I T B K 4% KT
FI AT B, BUEDS By, AT WARS E MK FRef0 il B KR B2 MR R 25 By, R THS E,
(AR 38 ok 52 Bt RE S BRE B AR S Epe

IRAEHOEEEE, dt I IA] 9 FERS By TR & Es RIRL FHURE

dn, = wn,dt 1)
HAwA A ER, np T IESE IR T AR B . dti 8] 9 AR S B IE RIS EL 1 B R 4R 6
THCEE:

dng, = A, n,dt 2
o Ag N B RERS R IR R A, ng AR TR B PRI PR . dt B A 9 AR AS B3 BRI 2 AR
A B I H RERSHE TR FE

dn,, = A,n,dt ®)



F AT

o Agy Ay B AR 5 R T EH R 5. dtihd [7) Y M R RS BRI B A AR Ea AL 7 50% i «
dn,; = w,,n,dt (4)

Horbrwy, = Byyu(v) WWRIGER, Bys ARZWIRACE KIHTH R KL () ORI RES L, n NALTIEARZS
Eo IRPRE T H0H T . dt I 18] 9 AT ARAS B BRIEBIHEAS By 10 A KRR e 7 HUH L

dny, = Ayn,dt ®)
oAy oy B AR 52 AT IE AR 3. di [ Y MRS S Bl BB A5 B ) SZ R A e 1 s 2 -
dny; = w;;n,dt (6)

Hortwy, = Byyu(v) NAZHERIE SR, B MO SR ST 2 NI AR AL dtinf ] A IS B BRIE 2 AR E,
0 32 PR TR0 1

dn, = w,,n,dt 7
Hortwy, = Bu(v) AMCER, By, NAZEIRICE AT REL u() e e ses . thal(1)~2(7),
dt I 1A A g F

dn, = —dn, —dn,, +dng, +dn,, +dnj; =(—wn, —w,n, + Ay n; + Ayn, +w,n, )dt 8)

(L)~ (7), dt I E A ny Y&

dnz = dnsz _dnzs _dn21 _dnél +dn12 = (A32n3 =Wy, — A21n2 —WyN, + lenl)dt (9)
WA T HEE A FESE, s WORSEM Sk 7405 R :
n,=n+n,+n, (10)

1 70(8)~F (10)F5-Hili ik AR A EL I IRk 73 T 7 «

2
izd N, Ed&+n =n,, (11)
of dt* @, dt

Hrp a)oz :(A31_A21_W21)(W12_A‘32)+(W+A31+W12)(A32+W23+A21+W21) s N=REZOREHEOLAR 1 A 55
o, ¢ = PtV By WVl O P W AT BIIUR £y, = M Wy

2
2w, @y

3. Pt 5t

Xof 18 58 ZE VRIS Th R B = RSO LF B G %, w N B XM R G R R T RS BB T &,
BT ¢£0. PEHARPHE 0<E<L, =1, &> 1 =R mixt w7 1k H 4 e

1. ZREREAMIESRRI KR e B
B0 <E<L, FEANRALEER R BN, RG0SR R N .

J1-¢2

Hot 0=tan 1-¢2 [, 0; = op1-¢7 s RIS IR oo MOBEIRY . UK, FERARR, T LIRS
=REGOCA RO A T RIEIRE . h(5). K(12)7:

n,=1- sin(wy +0) (12)



d A
gt
1- sin(w, +0) |A, (13)

dn,,
dt 1-¢?

X LN [R] A RS AS EROE B AR E (1 B AR 5 1R A1 08 BB DUIR oo O IR -

H(6). K (12)F
(14)

dny, _ 1- e sin(w, +0) [w.
at /—1_42 d 21

TR SN [] A AR A EBRE B 25 E 14 52 S0 5 1) A7 08 R LUIR o IR

3.2. ZRERI AR MG 5 PR JE lim B
ME=1, FRINBEAIERREES, R E0H AR R NN .
(15)

n, =1-(1+w,t)e™"

XIS n A To iR S BT, RIS =REZOC RO AR S TR AL e R . hi(5). H(15)1E:
(16)

dn —wp
" [1-(1+ opt)e ™ | A,

S BRI 18] A A I B A BRI B A B 1K B AR A 1O A e 1 K0 BER o 3 B 7t

H13(6). X (15)75:
e _ [1-(1+ opt)e " Jwy, 17)

dt
SR BRI 1] A AT B3 A B R IE 81 35 A5 B 0 52 B3R S 1A B e 1 K PO T 3 B 7t

= BB LF R SR AT I RN

3.3. =B
ME> 1, FREIN AR ER RS, RS0 S R NN«

Dyt Jpant
1 . [e SCH} ”"’j (18)

+
Ao A

Hp 4 =—¢—\¢P -1, A=—¢+{¢P -1, X TedR i B, wT LI =R ZO A B0 B T
HRHBIRE, E—Fr £ 4. HA(5). K(18)45:

dn, |, 1 [ ehmt gt
ot _[1 2\/1_§2 sm( % + ) HAM (19)
X I BT B[] P AE AR S ERIT B FL S B 1 B A 3R S 1 B D' 0% FEN TR 1 BT
H(6). (18)75:
dny, =|1- ! sin[ellwot +elzwot] W (20)
dt 21-¢? Ao h )T
. A1

XIS AT (] A MRS S Ep BRIEBIEEAS By B BRI I S0 7 K0 B eIk 5 R T
25 T ANIFRIBEE FL ) = REZOG SO G XA H A5 1k h 2



F AT

2.0
1.8 0.1
/10X 02
1.6 P
- / \5 03
14 /] |
0.6 0.4 A/’\\
12
p—
. 0.7 i /
S0 //%l\§b
08 p ' N\
06 /ﬂ N
0.4 //// 2.0
0.2
0
0 1 2 3 4 s 6 7 8 9 10 11 12

t
Figure 1. The output characteristic of fiber lasers with three-energy-level dopants

B 1 ZRERCARLRR A I Bk

4. #hig

L2 LT LUE Y, = REZOGLT RO LA H R BUR T = REZUCLT OB ER KR JE EE &0 X T ANRI Y
BHJELL, T LAAS 2AF] BHE AT iR 3 it 2k DAL BEJE IR O SR B2t 2. 24 0 < E< 1, =REZOLET
BOL TS WARST K LG T8O B IR g MOERIRTG; . 2 E=1 808> LI, =REZOLLT 0L 2
RN ) BT e BB e iR H M BT

E&WE

[ 5% AR B - (HEHES . 11275089, 11375081) 11l 448 H AR B 2E 3 & (bl S . ZR2011FQ001)
B B R R

SE Wl (References)
[1] Fu, L.B., Ibsen, M., Richardson, D.J., et al. (2005) Compact high-power tunable there-level operation of double clad-
ding Nd-doped fiber laser. Photonics Technology Letters, 17, 306-308. http://dx.doi.org/10.1109/Ipt.2004.840034

[2]1 Huo, Y., Cheo, P.K. and King, G.G. (2005) Modeling and experiments of actively Q-switched Er**-Yb*" codoped clad-
pumped fiber lasers. Journal of Quantum Electronics, 41, 573-580.

[3] Wang, Y., Xu, C. and Po, H. (2004) Thermal effects in kilowatt fiber lasers. Photonics Technology Letters, 16, 63-65.
http://dx.doi.org/10.1109/LPT.2003.818913

[4] Nilsson, J., Clarkson, W.A., Selvas, R., et al. (2004) High-power wavelength-tunable cladding-pumped rare-earth-
doped silica fiber lasers. Optical Fiber Technology, 10, 5-30. http://dx.doi.org/10.1016/j.yofte.2003.07.001

[5] BRI, FEVE, HEEE (2004)15 Yb3 + XEZNAEOCRIBUE DT, #EOE-S5H 75, 16, 1259-1262.

[6] FRTEK, FEJE, BRI, 55 (2005) 5 il [m F0H 42 Y3+ a2 640G S BRI 7T, #A0L S# 7R, 17, 673-
676.

[7] Chen, J., Zhu, X. and Sibbett, W. (1992) Derivation of the threshold pump power of erbium-doped fiber lasers. Optics
Letters, 17, 926-928. http://dx.doi.org/10.1364/0OL.17.000926

[8] Zhang, L., Duan, Z. and Chen, J. (2006) Analytical solutions to rate equations of fiber lasers containing t here-energy-



http://dx.doi.org/10.1109/lpt.2004.840034
http://dx.doi.org/10.1109/LPT.2003.818913
http://dx.doi.org/10.1016/j.yofte.2003.07.001
http://dx.doi.org/10.1364/OL.17.000926

[9]

level ions. Optics Communications, 267, 149-153. http://dx.doi.org/10.1016/j.optcom.2006.06.008

Sy, Vg, BUEE, IAPE (2007)
1608-1613.

— e
—He

FOCLFBOL R E R T AL A MR . HEHOLSGH 7, 19,


http://dx.doi.org/10.1016/j.optcom.2006.06.008

	Analyses of Rate Equations of Fiber Lasers with Three-Energy-Level Dopants
	Abstract
	Keywords
	对三能级光纤激光器速率方程组的分析
	摘  要
	关键词
	1. 引言
	2. 三能级光纤激光器的速率方程组
	3. 分析与讨论
	3.1. 三能级光纤激光器的欠阻尼响应
	3.2. 三能级光纤激光器的临界阻尼响应
	3.3. 三能级光纤激光器的过阻尼响应

	4. 结论
	基金项目
	参考文献 (References)

