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Fig. 1. (a) Upper laser level population density and (b) energy storage as functions of time under different pump power.
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Fig. 2. Energy storage with 5 W launched pump power and (a) normalized energy density with different extraction efficiency as a

function of time (PRR = 10 kHz), (b) the relationship between output pulse intensity and seed PRR.
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Fig. 3. Output pulse energy as a function of PPR (3 W
launched pump power).
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Fig. 4. Experimental setup of the Ytterbium-doped amplifier in the upper-laser-level lifetime measurement.

— Seed pulse (a)
20 — Pre-amplifier|output
g
2
< 40
i
k7
=]
5}
2
2 —60

—80
1060 1062 1064 1066 1068

Wavelength/nm

El 5  FF56PRR M 1 kHz, Jk5E N 2.25 ps B

| — Seed pulse b
— Pre-amplifier output (®)

=
(V)

1.0
0.8
0.6
0.4}
0.2} &
0 L
-6 -4 =2 0 2 4 6 8
Time/ps

Normalized intensity/a.u.

(a) BRI Y1, (b) BUECK T 5 Bk g4k

Fig. 5. (a) Optical spectra and (b) pulse waveform of the seed pulse and pre-amplifier output (seed PRR of 1 kHz and pulse dura-

tion of 2.25 us).

() ik wo%G i OPHIR PE10-C 4 Jik wh fig & i1 47
.

SZ I HORE AP T PRR ALK 58 20 91 3% B A
1 kHz F1 2.25 s B, %F Fh P54 O3 K ik vbe
RFNZE I KBTI 165 Sk I R 45 T
Weam 40 s 5(a) A 5(b) Fizs. t TRk oeiok
SRR ETS a5 K TR, AR S OSSRk b aE
HMARGRENE, MLk I E N 1.5 us,
LW KGR TEMELE 30 dB HkobRem 11 pJ
)k v . R R E X Tm K
Liekki 7y @ () LMA-YDF-12/1255¢2F (£13 )2 W Y
Z A 11 dB/m @976 nm). Nufern 2y w] [y
PLMA-YDF-10/125-M Y £F (13 2 W W & 0
4.95 dB/m @976 nm) fll SM-YDF-5/130 % £F
(FLZW R BN 1.65 dB/m @976 nm) ., LA K £F
/)2 EHAA N 6/125 um (Y35 Y3 RUAL )2 64T
(FLJZW U 2800 0.8 dB/m @976 nm) ¥E47 T il
. LS R AE 6 R,

AT, SUE ELLE PRR il () LA
#E 2351k 1.58, 1.53, 1.30, 1.18 kHz, X1 (1) 8%
0.63, 0.65, 0.77, 0.85 ms 43 5| 4 PUFp A PG £F h
Y+ L RB K F . I 45 2R 5 SOk [6,13,14] H

PEBWIEEF T YO e A (EAT
AR DAL JZ A O LT 15 2 KL 18U BT 5
/\:T:t

N = Aclad . Qp

Acore  101ge - oqp’ 9)
AL SRAF M CEF 1B 2k FHUR B, P Agee 2
R Acore /EELFNTHIF L v JEVEEFXT 976 nm fih
BRI R AL o0 & YDPTXF 976 nm iz G 1Y
Z PO CATE . B(9) AT TS, LMA-YDF-
12/125 AR 7B B 1.06 x 10 m 3, SM-
YDF-5/130 & 4 ki 1 £ % % 4 9.88 x 10% m3,
PLMA-YDF-10/125-M $B322%: 7505 & H 6.85 x
10 m3, YDF-6/125 & 22 ki 0% 5 3.08 x
1027 m 3. 454 HTT X Yb3+ Zar i I 45 SR n LA
th, YB3 RO OIS Y A B, X 5
B S A T Y3 i B AR ok B0 P AR
e —2um.

R PUFAT ESELF YOI L RS T AR
FF Rk pREs: 11 pJ 195 S IAR 0, ARYEA IR
JEEF P BT RE T il B R AT L TR AR
HEFP OGRS O TR AT R RE AR F T, 4%
SRS D BE - R A8 A T AR . Ry A B —

224202-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 22 (2019)

=  Experimental points
—— Linear fitting

Repetition rate/kHz
e

f<—— Intercept = 1.58 kHz

(a)

0 2 4 6

8
Pump power/W
6.5
=  Experimental points u(c)
E 6.0 — Linear fitting
< 5.5
3
© 50
g a5y
h=
+
g 4.0 -
Q (]
£ 1.3F— Intercept = 1.30 kHz
1.2 Lyp . . . . .
0 5 6 7 8 9 10 11

Pump power/W

Bl6 WOt b RES AT A ) & 45 2R
(d) YDF-6/125 Ja4F

224202
5.5
=  Experimental points (b)
N — Linear fitting
T 5.0Ff
o
~
g
g ast
o
o
2
'403) 4.0 +
a,
Q
~ =
1.5 (¢ Intercept = 1.53 kHz
1.4 . . . . .
0 0.6 0.7 0.8 0.9 1.0 1.1
Pump power/W
3.5
=  Experimental points - (d)
N —— Linear fitting
T 3.0
v} L
~
g
£ 25
o L
o
2
b
@
g 2.0} |
o 4+— Intercept = 1.18 kHz T
1.15
1.10

008 1.0 1.2 14 16 1.8 2.0 22
Pump power/W

(a) LMA-YDF-12/125 St £F ; (b) SM-YDF-5/130 5t £F ; (c) PLMA-YDF-10/125-M St £ ;
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16 pJ and 25 pJ seed pulse energy.

ORI RO CLT AR, AT LI FPF ik ik
AR SR, X 5 NR BT, dt—2
HERT T iZ AR ) 5 B

2y
He
2y
He

4 % W

ASCREH T —AiE A O PR R T b
REGAF AR YT ¥ 2 TR 7 PR BE al AR S bk nfr
JEEF TR A b S L1 XM RO G2 e Fiti R 3T
IR MR A AR SRR, A SRR e ik e T
SHRBUGHTER N, A IECLF i fRe Al LA R
PR ) RE B S R R DRI, S I A ) S
IR L HOETHOR AR i tH B bk b RE R B AR T
b E IR A RO R, RV AT TH5A5 B30 25 1
RO EREST . ARSI T 1.06 pm
7 YDk OO R G LA R YOt
oL EREGE A IEAT TN, I A R A
BFFEN B SAGE H BIAERARTT, Bk 17755
PSR 845 B

S 0k

1] FuS J, Shi W, Feng Y, Zhang L, Yang Z G, Xu S H, Zhu X

224202-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 22 (2019)

224202

2]

3]
(4]
[5]
(6]
[7]

(8]

(9]

S, Norwood R A, Peyghambarian N 2017 J. Opt. Soc. Am. B
34 A49

Pask H M, Carman R J, Hanna D C, Tropper A C,
Mackechnie C J, Barber P R, Dawes J M 1995 IEEE J. Sel.
Top. Quant. 1 2

Sintov Y, Glick Y, Koplowitch T, Nafcha Y 2008 Opt.
Commun. 281 1162

Geng J H, Wu J F, Jiang S B, Yu J R 2007 Opt. Lett. 32 355
Vivona M, Kim J, Zervas M N 2018 Opt. Lett. 43 4097
Paschotta R, Nilsson J, Barber P R, Caplen J E, Tropper A
C, Hanna D C 1997 Opt. Commun. 136 375

Guo Y, Zheng X, Ming H, Zhang Q J 2001 Chin. Phys. Lett.
18 1337

Jiang H M, Yang B S, Li H L, Xu H L 2013 Chin. Opt. 6 5
(in Chinese) [HLLE, HIHUE, 2800, HRUER 2013 PEDEY 6
5]

Lu T X, Lu Y Q 2009 Principle and Application of Laser
Spectroscopy (Hefei: University of Science and Technology of
China Press) pp170—193 (in Chinese) [fi[F]2%, E4:AF 2009 #%
OB AT I (AT T E R AR KA ) 58
170— 19371]

(10]
(1]

(12]

(13]
(14]

(15]

224202-7

Li AH, Zheng ZR,Lii Q, Xu Z P, Xu C, Xu Y H, Liu W L
2011 Opt. Lett. 36 1056

Biémont E, Quinet P, Dai Z W, Jiang Z K, Zhang Z G, Xu H
L, Svanberg S 2002 J. Phys. B: At. Mol. Opt. Phys. 35 4743
Tang G W, Qian G Q, Shi Z G, Liu Y, Huang B W, He Y C,
Jiang L C, Sun M, Qian Q, Yang Z M 2019 Opt. Mater.
Express 9 362

Piccoli R, Mechin D, Robin T, Taccheo S 2013 Opt. Lett. 38
4370

Newell T C, Peterson P, Gavrielides A, Sharma M P 2007
Opt. Commun. 273 256

Ou P 2014 Advanced Optical Simulation (second edition)
(Beijing: Beihang University Press) p296 (in Chinese) [ER %
2014 FAGEFOTECR2R) (ALt ATz AR i) &5
29651

Giles C R, Desurvire E 1991 J. Lightwave Technol. 9 271
Wang Y, Martinez-Rios A, Po H 2003 Opt. Commun. 224 113
Hardy A, Oron R 1997 IEEE J. Quantum Elect. 33 307
Huang L, Dai Z Y, Liu Y Z 2009 Acta Phys. Sin. 58 6992 (in
Chinese) [Bk, fREH, XAKE 2009 P34 58 6992]


http://dx.doi.org/10.1364/JOSAB.34.000A49
http://dx.doi.org/10.1364/JOSAB.34.000A49
http://dx.doi.org/10.1364/JOSAB.34.000A49
http://dx.doi.org/10.1364/JOSAB.34.000A49
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1364/OL.32.000355
http://dx.doi.org/10.1364/OL.32.000355
http://dx.doi.org/10.1364/OL.32.000355
http://dx.doi.org/10.1364/OL.32.000355
http://dx.doi.org/10.1364/OL.32.000355
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1088/0256-307X/18/10/312
http://dx.doi.org/10.1088/0256-307X/18/10/312
http://dx.doi.org/10.1088/0256-307X/18/10/312
http://dx.doi.org/10.1088/0256-307X/18/10/312
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OL.38.004370
http://dx.doi.org/10.1364/OL.38.004370
http://dx.doi.org/10.1364/OL.38.004370
http://dx.doi.org/10.1364/OL.38.004370
http://dx.doi.org/10.1016/j.optcom.2007.01.027
http://dx.doi.org/10.1016/j.optcom.2007.01.027
http://dx.doi.org/10.1016/j.optcom.2007.01.027
http://dx.doi.org/10.1016/j.optcom.2007.01.027
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.1364/JOSAB.34.000A49
http://dx.doi.org/10.1364/JOSAB.34.000A49
http://dx.doi.org/10.1364/JOSAB.34.000A49
http://dx.doi.org/10.1364/JOSAB.34.000A49
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1364/OL.32.000355
http://dx.doi.org/10.1364/OL.32.000355
http://dx.doi.org/10.1364/OL.32.000355
http://dx.doi.org/10.1364/OL.32.000355
http://dx.doi.org/10.1364/OL.32.000355
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1088/0256-307X/18/10/312
http://dx.doi.org/10.1088/0256-307X/18/10/312
http://dx.doi.org/10.1088/0256-307X/18/10/312
http://dx.doi.org/10.1088/0256-307X/18/10/312
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OL.38.004370
http://dx.doi.org/10.1364/OL.38.004370
http://dx.doi.org/10.1364/OL.38.004370
http://dx.doi.org/10.1364/OL.38.004370
http://dx.doi.org/10.1016/j.optcom.2007.01.027
http://dx.doi.org/10.1016/j.optcom.2007.01.027
http://dx.doi.org/10.1016/j.optcom.2007.01.027
http://dx.doi.org/10.1016/j.optcom.2007.01.027
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.1364/JOSAB.34.000A49
http://dx.doi.org/10.1364/JOSAB.34.000A49
http://dx.doi.org/10.1364/JOSAB.34.000A49
http://dx.doi.org/10.1364/JOSAB.34.000A49
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1364/OL.32.000355
http://dx.doi.org/10.1364/OL.32.000355
http://dx.doi.org/10.1364/OL.32.000355
http://dx.doi.org/10.1364/OL.32.000355
http://dx.doi.org/10.1364/OL.32.000355
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1088/0256-307X/18/10/312
http://dx.doi.org/10.1088/0256-307X/18/10/312
http://dx.doi.org/10.1088/0256-307X/18/10/312
http://dx.doi.org/10.1088/0256-307X/18/10/312
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://dx.doi.org/10.1364/JOSAB.34.000A49
http://dx.doi.org/10.1364/JOSAB.34.000A49
http://dx.doi.org/10.1364/JOSAB.34.000A49
http://dx.doi.org/10.1364/JOSAB.34.000A49
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1109/2944.468377
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1016/j.optcom.2007.10.043
http://dx.doi.org/10.1364/OL.32.000355
http://dx.doi.org/10.1364/OL.32.000355
http://dx.doi.org/10.1364/OL.32.000355
http://dx.doi.org/10.1364/OL.32.000355
http://dx.doi.org/10.1364/OL.32.000355
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
https://www.osapublishing.org/abstract.cfm?uri=sof-2018-SoW3H.3&amp;origin=search
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1016/S0030-4018(96)00720-1
http://dx.doi.org/10.1088/0256-307X/18/10/312
http://dx.doi.org/10.1088/0256-307X/18/10/312
http://dx.doi.org/10.1088/0256-307X/18/10/312
http://dx.doi.org/10.1088/0256-307X/18/10/312
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://www.chineseoptics.net.cn/CN/abstract/abstract9050.shtml
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OL.38.004370
http://dx.doi.org/10.1364/OL.38.004370
http://dx.doi.org/10.1364/OL.38.004370
http://dx.doi.org/10.1364/OL.38.004370
http://dx.doi.org/10.1016/j.optcom.2007.01.027
http://dx.doi.org/10.1016/j.optcom.2007.01.027
http://dx.doi.org/10.1016/j.optcom.2007.01.027
http://dx.doi.org/10.1016/j.optcom.2007.01.027
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1364/OL.36.001056
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1088/0953-4075/35/22/315
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OME.9.000362
http://dx.doi.org/10.1364/OL.38.004370
http://dx.doi.org/10.1364/OL.38.004370
http://dx.doi.org/10.1364/OL.38.004370
http://dx.doi.org/10.1364/OL.38.004370
http://dx.doi.org/10.1016/j.optcom.2007.01.027
http://dx.doi.org/10.1016/j.optcom.2007.01.027
http://dx.doi.org/10.1016/j.optcom.2007.01.027
http://dx.doi.org/10.1016/j.optcom.2007.01.027
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1109/50.65886
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1016/S0030-4018(03)01722-X
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.1109/3.555997
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://dx.doi.org/10.3321/j.issn:1000-3290.2009.10.053
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 22 (2019) 224202
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Abstract

The upper-laser-level lifetime (fluorescence lifetime) of the rear earth dopant in the active fiber is a key
parameter which indicates the performance of the fiber, and takes an important role in designing the laser
system. However, the accurate measurement of fluorescence lifetime in active fiber remains challenging, which
mainly rely on the direct measurement of laser induced fluorescence lifetime of the active fiber or lifetime
measurement of bulk laser glass. The former method suffers the error due to the amplified spontaneous emission
and the reabsorption process, while the latter ignores the influence of high temperature and tension produced
during the fiber drawing on the emission behavior of the material. Therefore, the accuracy of these
measurements can become a problem. In this work, we propose a new approach to measuring the upper-laser-
level lifetime of the rear earth dopant in the active fiber based on the power/energy performance of the fiber
amplifier. The population inversion, i. e. the energy storage, in the active fiber of a fiber amplifier is a function
of upper-laser-level lifetime. Therefore, the upper-laser-level lifetime can be derived by measuring the average
power or output pulse energy of the amplifier, given that the energy storage in the active fiber is extracted
adequately by a seed laser. Using the rate equations, we model the population inversion and energy storage in
the active fiber each as a function of pump power and time, and the resulting relationship between the upper-
laser-level lifetime and the average output power. The upper-laser-level lifetimes of several commercial Yb-
doped active fibers are experimentally measured by this method through using the fibers as the gain media of
the amplifier operated at 1064 nm. The convenience of experimental data processing is also discussed. The
measured lifetime and evolution trend of the lifetime with dopant concentration exhibitthat they are in good

agreement with those from other reports and the theoretical model, which verifies the feasibility of this method.

Keywords: upper-laser-level lifetime, active fiber, fiber laser, fiber amplifier
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