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Generation of Few-Cycle Femtosecond Pulses via Coherent Synthesis
Based on Self-Frequency-Shifted Solitons in All-Solid-State
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Abstract The synthesis of a nearly four—optical-cycle (14 fs) laser pulse from the coherent combination of dual
femtosecond laser pulses with a femtosecond amplifier system is reported. The simulation confirms that the scheme
is a viable method to produce few—cycle optical pulses. A Yb*'—doped femtosecond laser fiber amplifier generates
62 fs transform—limited pulses with 1040 nm central wavelength. These pulses are split in two. One is employed as
fundamental soliton pulses, the other is coupled into all-solid—state photonic bandgap fiber. The parameters are
optimized such as the input power to obtain the 55 fs near transform—limited self-frequency-shifted solitons
centered at 1150 nm wavelength. A nearly four—optical-cycle (14 fs) laser pulse is combined via coherent synthesis
of the fundamental soliton and the self—frequency-shifted soliton.
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Fig.1 (a) Temporal trace for divided high—order soliton output; (b) spectral trace for divided high—order soliton output; (¢) temporal and
spectral (shown in the inset) trace for divided high—order soliton output synthesized by two frequency—shifted solitons at the center
wavelength of 1211, 1536 nm respectively; (d) temporal and spectral (shown in the inset) trace for divided high—order soliton output

synthesized by three frequency—shifted solitons at the center wavelength of 1095, 1211, 1536 nm, respectively

3 SLEREE ML
3.1 XWKE

TR RO AR T 5 BRI FE KR AT 40 53 A 45 R4 1 R 30 A2 6 A KR 1 B 25 IR 5 H RS 9K
TE L 7 AR B D A RRD Dk b . SRR B AN 2 R . B REOLLT REMEOE REME N RO
U5, Ay 82 MHz, JJk th 58 B2 O 62 fs, Py K 1040 nm , 32 28 G2 i Hh K JL-F g 8 R iR 46 A BR , A
Z e B AR S A o Bt v oA A kb IR o K e 22 03 TR A P B o — B R A DI T OB T R AT

[ mm———— o i o S o ———— o | =
1 A2 A2 A2 |
T | plate PBsPlate @ plate M2 M3 1
MO T g
i - e P_Ispectrum analyze;

e plificy isolator | ' ASS-PBGF ' ,pn

BS: beam splitter
PBS: polarization beam splitter |

|

|

ASS_PBGF: all-solid—state : 7 '
. photonic bandgap fiber] M1 i/2 PBS A/2 BS BS I

HPF: high pass filter | plate plate I
VDL: variable delay line ) |
M: reflecting mirror VDL coherent combiner |

P2 5286 o A
Fig.2 Experimental setup

0702006-3



L G-

IF AR , 28 H v 38 8 D% R D8 IS A b A AR I, O — B0 R 46 i B ) i S IR, 3 A S R 2 o
% S B 38 (9% AR S E 3R R A 3 ek B A A R TR B S RS B A A bk o a0 ) 48 R — o2 8 R R Ol iR
53 AR R A Dy 28RN 3 3 AT ORI 1 AH A 43 500 FH A 0 ek B2k v ' i A e 1 A DG i 2k

S i — B 50 em K 18 A AT TR (A2 B R R ) I A G R BROG AT EAT AR LR A R
AR, 6L 1 iy 2 R Rh - TR Fik vfr 54 A R S il 26 AN AL 3 T, ST i T FRL T 4T S Bk (SE M) At P 3 () H 4 P T
N o A R AT S F T SO R B A S 2B R T S R 0 S A S5 A )2 0 S I 5 A BT
B4 Y 717 BRSO I 06 K 1 i ' R SR I AT S S b R A B R 21 S b, i T R EAR R 2 um, (AT R 6 pum , £F 18
A R T AGE 110 pm?, 38 KT — AR LM 7 A& G 2T (10 pm®), RGN T BT BE S Fe IR R BE 1 12016
L1 55— 17 B ok 750~1450 nm , Z A HUS 7E 1040 nm BT, CEMEOL K o 7 o 2 T OB % A SRS INT . 64T
PR it 308 o B ol S 3K T B o B A R v S ORI R AR AR S S A T A

1.0
®

- 0.8} £
= ~ 2
s = £
&, S0.61 ™~ 950 1000 1050 1100
E’ >y 62 f: Wavelength /nm
z 7 i
g £ 041
. =

0.2

600 800 1000 1200 1400 —%OO -100 0 100 200
Wavelength /nm Time /fs

P13 (a) S50 0 FH 09 4 66 6 115 BRI 2 1) A2 i phy 28 O R A A ), 378 P 23 530 A 6 £ i T L~ 41l S Bl P21 R0 6 SR i A S0 4
5B B9 G AT il 1 i B A3 23 A 5 (b) A PR K e By AR SC I 46 18T S bk b ol i
Fig.3 (a) Transmission spectrum (on the logarithmic scale) of the all-solid—state photonic band—gap fiber with the cross—sectional
structure and fiber scanning electron micrograph figure and mode field distribution of the output end of the optical fiber measured by
beam quality analyzer shown in the inset;(b) temporal autocorrelation trace and spectral trace (shown in the inset) of the seed pulse
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Fig.5 (a) Autocorrelation trace of the fundamental soliton pulse; (b) autocorrelation trace of the self~frequency-shifted soliton;
(c) autocorrelation trace of the synthesized pulse; (d) spectrum of the fundamental soliton pulse; (e) spectrum of the
self=frequency—shifted soliton; (f) spectrum of the synthesized pulse
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