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Fig. 1. Dispersion curve of the fundamental mode of Yb?+-
MSF1 and Yb**-MSF2, respectively (the inset figures show
the cross section of the Yb**-MSF1 (a) and the Yb3*-MSF2

(b))-

2.2 EHHILFE

2 A Yb3H-MSF2 e AR i 2 iz
TN & B L, L SE g B MSF K BN
0.70 m, TPEHR 0.40 W, K55Ik 850, 870, 890 nm.
[&] 2 4 [l S 2 R e 0 | R IR 02 Y3 TE A1
O e (18 W2 WSCRR A S A TET 201 Rl T 2 A BT AT AT
YDHAFFE WA 50 2004 W e, vt K 43 5
915 A1 975 nm, [AIAHL AT I H, Y3 AR IO i
RE, Pk 35 850—1050 nm, Yb3i &k $1HG1E

134206-2


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 % 3R Acta Phys. Sin. Vol. 68, No. 13 (2019)

134206

B 55 9001150 nm, 781Z X 8] WA A i
SR ARG, TR A T 975 A1 1035 nm Ab.

60000 S
E !
50000 s |
g 40000 % ! Al;s:)r;jtlonH Emission
S 2L/ N L
5 (SN [
o 30000 1 850 950 1050 1150
*E Wavelength/nm
g " '
© 200004 Lo —— 890 nm
oo - - 870 nm \
10000+ Do .- 850 nm
T
o A
0 .

T T 1 T T
800 850 900 950 1000 1050 1100
Wavelength /nm

2 s I K H 850, 870, 890 nm I Yb3+-MSF2 Y & it
i ] (i 1 R Y b3 7 A7 B SG4TSR Az 5 3 ] 1200)
Fig. 2. Emission spectrum of the Yb3*-MSF2 when pump
wavelength is 850, 870 and 890 nm, respectively (the inset
figure shows the absorption and emission spectrum of Yb?*

in silica fiber®).
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Fig. 3. The experimental setup.

Isolator Attenuator 40x

- O

VRN PR AE . YB3 -MSF1 782785 X 3 145 44t
RS Y -MSF2 MR, e & e aetk 5
2 JRR S5 AR R, & S e A R A T
1035 nm Ak, [FEF Sz H 850 nm #%E 890 nm
mF, H oy {1 45.2% 1 & 84.8%, [AIkEE A= K&

3 Lk E

& 3 ok KRRk iz Yh3-MSF [ 525625
K. iz 65 35 E Coherent 2 & 1) Mira900 £k
WA RO, s 6K b e R R 120 fs,
HE RN 76 MHz, PRt IR AR IEBE . R
ik w3 A B RS AR L R R K 40 5 B B AR A E
Yb*-MSF Hr. ARG 2 2510 B B2 1k a8 4 2= 1w
A1 MSF i 17 52 553 9 6 1] B350 2% P IR OB 4%
S UE A T R S Y6 38 T R LA 5 T
SC =AM . PR Es e . 20l | 40 f5 BB & T
M YA -MSF i [ 9 5523 1 LA 2 S DR 1)
T, 40 155555 Y3 -MSF HO5{E FLAR VT fit 23
T B E AR B BCR AR, Sl S iz ot
A YD -MSF RN 60%. MSF R i il &
) CCD T M%< Yb3+-MSF (1) 5% 3% 157 & LA
N Rk e AR A HELF LS. A YB3 +-MSF it
SR = o R LR B U R B RS A S 1 A
OSA1 fil OSA2, H: i OSA1 f) 5 & Avaspec-
256, FECAY I K FE N 2001100 nm, 7rHER N
0.1 nm, OSA2 #1524 Avaspec-NIR-256, $% Ik
PR3 K3 LA 900—2500 nm, 43 PE% K 6 nm. 52
5 22 i AP e A AT X R G RS A R R A T TR
e, WS OGP G AT AR 2] 2002500 nm
)% T

OSA1

Yb3+-MSF

40 x

CCD

S A

134206-3


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. 13 (2019) 134206

4 KA Bk 4k iE Yb3-MSF1 #n
Yb3-MSF2 Yy 536 45 B B o Hr

4.1 WHEWE ZHAXEEZFEHE KB
L B 3o R i L = A B2 M

K4 & 543 ] A Yb3*-MSF1 fll Yb3+-
MSF2 76 A [\ 4l iz Dy 2 F 7= A ik 1, Horp
MSF K4 0.70 m, #Hig 3Kk 890 nm, iz 1)
AR5 0.10, 0.20. 0.30, 0.40 W. &l 4 5K 5 th
S RIZ (Bh) ., LR (W) FISEEk () B
B T e K L F s KMk Stk
Koo INE 4 Hpn] LU Y Sl S0 F AR MSFs
() IE 5 X, T & SOG4 I T Yb*-MSF1
T B K BT DL & Y3 +-MSF2 1 53 (Bl IX .
#5318 CCD #2481 P MSFs Yz &
M 4 FTLLE HZ G B S A kT L.

M & 4 15350, Stz D%k 0.10 W B, ffiz
AN F AGHEIER A T —E R R, X
J i A AR R RIE = A . S5 2 HhiEstdh
EEBLAR G, A7 T 1035 nm B & 5HGAY K 587
B B R ARk, 3% T R 56 MSF LR T
RIS, IR AR A AR, W+
T I IR AP R R o S R S N R [ 2 5
CRMHE I RE R R, O T B S AR R
R RN 2 BRHE YR A RCR | MSF BFESHE R
s, o SCH G R I S Y R AR RO =
1-8,,/8, Herfr S, AR GIE T R AR iz T
AL CRMAZ YRR SRR 4, S b ER kR
g S TH AR, iz D RN E] 0.20 W AT,
iEFE A FRAL PRSI — 2R, (R TR
F 870 nm HIFBIIHE Y358 Wi, di H WL F)
R T R T A, O B iz D)
e nni g, R B A AR RN P A 2
iz RGN E] 0.30 W}, 785 @R X B3
KT AT R i S AR et T E R T 4
W, SRS Y T IE R AR, BT LT IR E
iz S Az, R A B B 0 &
PR n=87.4%. SIE 2 Xt AT DL &I, B ARz
Yi%H 0.40 W BIEZDEF RT3 5 T 0.30 W Y
CRb K eh, (HR R ESDEhiZ MSF B, If R 7E
FHAATUX = A IR B Ad 7= A= 1 Jis P T
VISR R T 1035 nm 14 & SGTER SRV K o

32 A L IO %) TR) At 1 3 T A e et ok ol
IR i/ 7 QUIS B8 B B 5 IS [E P =W 2 [ ) R
o, AT IR B X AR AR PR R P A B AR
F. O IRFERZ2EHTABEE 1112 nm, it
(IS, E T A2 A7 DG JE A% PR A AH B D B 7= A el
POt W 2 692 nm. MHEZ YR INE 040 W
iF, P Tk — L0 2 1256 nm, HAEREE (O
B E 621 nm, 1 355 93.5%.

890 nm 1027 nm 1035 nm
T

6000
N | 0.10 W
I
4000 |- |
F I
2000 jk\
0 L L Lowvaty | ‘ J I R B
L | 0.20 W
6000 - I
“ 3 I
£ 4000 I
g 3 |
B .U W
5 L
? 0 PR I B A MAMM, M A SMMALSAANA,
E : \ 0.30 W
5 - I
3 30000 I 692 nm |
20000 - |
L I
10000 - : 1112 nm
0 N L /}\ Loy Lol
621 nm | 0.40 W
60000 I
L I
40000 !
L I
20000 F | 1256 nm
I
A /0 A /\I .

0
500 600 700 800 900 1000 1100 1200 1300 1400
Wavelength /nm

B4 s3T5 504 0.10, 0.20, 0.30, 0.40 W B YbH-
MSF1 /=4 By & (i 18y a3 0 1K)

Fig. 4. The optical spectrum of Yb3*-MSF1 when pump
power is 0.10, 0.20, 0.30 and 0.40 W, respectively (the inset

figure shows optical field position).
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Fig. 5. The optical spectrum of Yb3"-MSF2 when pump
power is 0.10, 0.20, 0.30 and 0.40 W, respectively (The in-

set figure shows optical field position).
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Fig. 6. The optical spectrum of Yb3**-MSF1 when the pump
wavelength is 850, 870 and 890 nm, respectively.
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Fig. 7. The optical spectrum of Yb**-MSF2 when the pump
wavelength is 850 and 890 nm, respectively.
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Fig. 8. The optical spectrum of Yb3*-MSF1 when fiber
length is 0.50 and 0.70 m, respectively.
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Fig. 9. The optical spectrum of Yb?*-MSF2 when fiber
length is 0.50 and 0.70 m, respectively.
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sapphire femtosecond pulses used as pump. Firstly, two Yb3**-MSFs are pumped by continuous wave separately
to obtain the emission spectrum. The relationship between the luminous efficiency and the deviation of pump
light from the Yb?* absorption peak is studied for each of the two fibers. The experimental results indicate that
the luminous efficiency decreases as the deviation increases. However, both fibers still have high luminous
efficiency even when the deviation reaches to 85 nm. Secondly, the supercontinuum spectrum is generated by
the femtosecond laser pumping the cores of the two fibers. The influence of the pump power, relative position
between emission light and zero-dispersion wavelength )\;, pump wavelength and fiber length on the
supercontinuum generation are studied. The results demonstrate that the amplified emission light at 1035 nm is
first captured by the pump light to evolve into ultrashort pulse, and nonlinear effects are subsequently
generated. As the pump power increases, for Yb**-MSF1 whose )\, is located near the emission light of Yb3*
irons, the fundamental soliton is generated and further shifts toward red region under Raman effect. Compared
with Yb3*-MSF1, the Yb**-MSF2 has a small core, which means that its ), is short and the emission light is
located in its anomalous dispersion region far from the \;. Experimental results reveal that higher-order soliton
and soliton fission are more likely to happen and supercontinuum spectrum can be formed. However, the further
broadening of the supercontinuum spectrum is limited by OH- absorption at 1380 nm. Either increasing the
deviation of pump light from the Yb3* absorption peak or shortening the fiber length reduces the accumulated
power of the emission light, so the experimental results show that red-shift of Raman soliton is reduced and the
supercontinuum spectrum is narrowed for both fibers. The supercontinuum generation efficiency in the output
spectrum can reach 98% when the effect of pump light coupling efficiency and microstructure fiber loss are
neglected. It means that almost all the residual pump light and emission light of Yb3t contribute to the
generation of supercontinuum. Finally, the Yb3*-MSF2s are tapered to different taper lengths to study their
influence on supercontinuum generation. The results indicate that the leakage after tapering weakens the energy
of the Raman soliton, which further results in the decrease of red-shift. Eventually, the red edge of
supercontinuum spectrum shrinks seriously with theincrease of the taper length. However, the decreasing of A,
at the taper waist leads to blue-shift of dispersive wave that satisfies the phase matching condition with Raman
soliton. This contributes to the blue-shift of the short wavelength boundary and widens the range of
supercontinuum spectrum at short wavelength. Therefore, tapering is a promising method of expanding
supercontinuum spectrum towards short wavelength. In conclusion, the supercontinuum spectrum is generated
in Yb?"-doped microstructure fiber pumped by the Ti: sapphire femtosecond laser. The output spectrum can be
adjusted flexibly by combining the merit of high peak power and wavelength tunability of Ti: sapphire
femtosecond laser and the characteristics of wavelength conversion and amplification of Yb3* irons. Thus, the

method presented in the paper provides a promising way to obtain tunable supercontinuum spectrum.

Keywords: Yb**-doped microstructure fiber, supercontinuum generation, wavelength conversion
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