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Cladding Pumped Nanosecond Passively Q-Switched Yb-Doped Fiber
Laser with Cr'* : YAG as Saturable Absorber

Liu Jia Liu Jiang Wang Pu
(Institute of Laser Engineering ., Beijing University of Technology . Beijing 100124, China)

Abstract A cladding pumped passively Q-switched Yb-doped fiber laser with Cr'" : YAG saturable absorber is
reported and stable nanosecond pulse trains is gotten. Two laser configurations of linear cavity and ring cavity are set
up, and both of them can effectively restrain the generation of stimulated Brillouin scattering (SBS) and the
generation of self-pulse. A ring cavity with Cr'" : YAG inside the cavity to obtain stable 1 pus pulse trains is
established. The amplitude fluctuation and timing jitter are below 5% (RMS). Further more, stable pulse trains by
using a high reflective fiber Bragg grating (FBG) as a resonator mirror in a linear cavity is reached. The tunable
pulse repetition rate is from 9.1 kHz to 30.3 kHz and the minimum pulse duration is 156 ns which is much less than
microsecond pulses reported before. Although the average output power is only hundreds milli-watts now, it is
convinient to boost the power with a stage of fiber amplifier because the laser uses a fiber coupler as the output of
pulse trains. This kind of pulse laser can be used as a seed source and amplified to tens of watts for practical
applications in the future.
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Fig. 1 Schematic setup of ring cavity cladding pumped
nanosecond passively Q-switched YDF laser with

Cr'" : YAG as saturable absorber
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Fig. 2 Schematic setup of linear cavity cladding pumped
nanosecond passively Q-switched YDF laser with
Cr'" +YAG as saturable absorber
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Fig. 3 (a) Main output characteristics of the ring cavity cladding pumped nanosecond passively Q-switched YDF laser with

Cr'" : YAG as saturable absorber; (b) pulse duration of 1 ps; (c) average output power with the increase of incident

pump power; (d) pulse repetition rate with the increase of incident pump power; (e) pulse duration with the increase

of incident pump power
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Fig. 4 (a) Pulse energy with the increase of incident pump power in ring cavity; (d) peak power with the increase of

incident pump power; (c¢) optical spectrum of the nanosecond pulse train

P 1071, 176 nm, 3 dB 2R 4 55 (FWHM)
4 0.52 nm,

RS S5 R R WL IR EOG L O BE A AL
Hu A SBS AE 2 MR, 1 8 Koo A KT AR
PR AR 2 0 40 & Bk op 5, JF H 8 & R 8. 9 ~
29.7 kHza] J811% . JC B BB LR A K T8 1 ps o IR
TEW SN Q Jt£F Mot & i 15 3 1y JL AP 1y
Jok B .

5 R EIE S MO EF O AR 5 IR S5 A Y 32 B
XAEBEIELH 6 m 4555 2] 3 m, H A& 40 % Ik
B, 3 AMEINA T = RT3 FBG, )% 80 %6, 1E N
iy I B L R ST R FBG B A A L3 k] SBS HE
AR M 8 Bk A JF HUEE SCEOG Y 4

WA AE 1064 nm 247 . KIE BB A Q Lok
BRI FBG MAME A HR 4108,

TG AN AR i R AR ME E A HR 41
BL AT Cr' s YAG SA, 15 645 3O 2% i th
CW, HW, MR SA JRAPABESE L, Al Ly Z
[E), HR #1 Cr'™ : YAG SA #J Hy o 4 1 i % 28 [ &
EMZ Y% 1,238 W R E LT @ 2k HR
HSA WAL (15 1 s 14 35 FE i K. AN FBG i i
Ui WA HLAE 1. 06 dB, FH+4 6 BEL I 1 Jis 1) o %
FHFE N — 16. 86 dB., 1515 1] B I A8 i 09 515 e
RAEZ 2y 16 dB. 8 5 507 7 4 W D0 30 39 59 19 Jik
R, fERMIZE T % 3. 581 W OB, 3@ 5 8 5 SA B i
B AT K ) AR R R R K S R A B R Q Y

1102002-4



X AR

Cr'' = YAG $3hH Q ghFb bk w4 )2 fihiz 48 RO LR O 4%

PEET 20, Bk o f & 5 Ca) i m . AN O TR LR B iz
Ui MITF b i 20 A KT Q L4, BE & il
BTSN BT AR E 1 ko eR L Y s TR
k#1687 W B, ik of &3 FF G A2, L 20 BRI R Q
() 1 EL , 1 Fifi 25 il i D 38 09 i — 25 38 BBk o 2
FI8Y R 5] 34 2y AR 5 i B4 20 1S B R /N L 2R G R AR
FE M f KAtz 2 A0 3. 581 W, 15 3 Ji %% Jik 98
156 ns, WAL 5Ch) FroR . GG A 75 1 s 48 75 ik

HRAZ I D) R A BRI A Ak 23 iz T, n 2l 4k
SR InhIE Ty %, v] AT B T RS 1 Bk p s

Bl 5 (o) J Bl 5 il is T J6 )N 1. 687 W4 i £
3.581 W, A R 1 F ¥ % 2 TR )L 13,17 mW # Jin
F] 60. 81 mW , AHL B HE MM 9. 1 kHz 3 Jin 5
30.3 kHz, & 5(d) &Rl & filiz Py M\ 1. 687 W 34
JnE] 3,581 W, AH B 9 ik i B8 BE AN 203 ns 7 Bk /)N
@J 156 ns, MHT AT LLUE . filis U %2 3. 581 W i,

OB H DI R 1063, 9 nm, B 5 SR FHEN A K 9 156 ns,
(a) 50 ps/div (b)[500 ns/diy
|
{ .| n i
| A
’ i 1 ' Z H'{ Kl}‘
— = F AW
— TSRl
B 70 0 220
d
& e} © lo & , 2100 @
g g £ 200f .
E 50f 150 5 =
2 = S 190)
= 401 140 § & 150 .
2 L E 3 I T
g 30 / A {30 £ S o \
° 20} /// 120 & 2 160} .
0
g 10f — fog & 50
Z 0 0 & 4ol
0 15 20 50 35 40 10 15 20 25 30 35 40

Incident pump power /W Incident pump power /W

B 5 (a) SRIBIE Cr'™ : YAG #3h 18 Q SGLF WOt & i) 32 B4 RFAE s (o) Bk o B 156 ns; (o) - 34t 2
AR B 32 T 2 8 Ak il 2R 5 (D kol 58 BE B 352 Bl e p A2 Al i 2k
y Q-switched Yb-doped fiber

(c¢) average output power and pulse

Fig. 5 (a) Main output characteristics of the linear cavity cladding pumped nanosecond passivel

laser with Cr'" : YAG as saturable absorber;

(b) pulse duration of 156 ns;
repetition rate with the increase of incident pump power; (d) pulse duration with the increase of incident pump power

W 6 () fir s Gl P I R M E A, AT kb S8 BRI SE AR B B Hils D AN 1. 687 WO B

DL EA S p ko e i b B HZ N 1. 687 W ) 3.581 W, AR AU TR 7. 128 W 2 Wi 14 i
HahnE) 3,581 WL AR Y B PK b RERE AN 1. 447 pJ B 312,865 W, |8 6 (o) Sy it 0O 1 o635 &1 o

Wi mE] 2,007 p.

6 Cb) o ) T B fik o R £ A

LA 1064, 6 nm,3 dB FWHM 4 0. 61 nm, 7&

2.1 14 10
a
20F @ o ®) ]
ERE, / g 2 o/ )
N U £ kS
& 18} g >
3 2 10 <
§ 17} . 2 g 2
g & o/ £
E 1.6 . E st / =]
1.5} )
o/ "
1'4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
16 20 24 28 32 36 1.6 2.0 2.4 2.8 32 36 1056 1060 1064 1068 1072
Incident pump power /W Incident pump power /W Wavelength /nm

B 6 Ca) 2R TH I v 0 ik o Al i Bl Ak 128 B 2 A 728 £k it 4% 5 () WA {1 20 2 I it 38 0 28 0 8 A il 28 5 Co) 9 RD ik v B8 f) Sl 35 18
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increase of incident pump power; (c) optical spectrum of the nanosecond pulse train
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