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Mid-infrared SedSimilar Pulse Compression |
a Tapered Tellurite Photonic Crgstiber andtk
Application in Supercontinuum Generation

Feng Xu, Jinhui YuariMember IEEE, Member OSA Chao Mei, Feng Li, Zhe Kang, Binbin Yan,
Xian Zhou,Qiang Wu,Kuiru Wang, Xinzhu Sandg;hongxiu Yy and Gerald Farrell

methods were used to generttteultrashort pulses in different
Abstract? In this paper, we design a tapered tellurite photonic  nonlinear media. For adiabatic soliton compression in
crystal fiber (TTPCF) with nonlinear coefficient increasing along  dispersiordecreasing fibers (DDFs) or tapered pimitarystal
the propagation direction, and demonstrate the mid-infrared  fperg (TPCFs) [5]7], large compression factor was obtained,

self-similar pulse compressiorof the fundamental solitonin such a .
TTPCF. When the variation of group-velocity dispersion, but the fiber lengths were too long to meet the need of

higher-order dispersion, higherorder nonlinearity, and linear ~ Miniaturization. For tgher-order soliton compressionarge
loss areconsidered, a 1ps pulse at wavelength P FDQ eampression factor can be achedvwithin short nonlinear
compressed to 62.16 fs aftex 1.63m long propagation, along with meda [8]-[11], but it will generate large pedestal, which
the negligible pedestal, compression factdfc of 16.09, and quality ~ significantly ~ limits  its  application in laser and
factor Q. of 83.16%. Then the compressed pulse is launched into {g|ecommunication systems. In contrast, the-sietflar pulse
another uniform tellurite PCF designed, ard highly coherent and compression is an effective method for obtaining highly

octavespanning supercontinuum (SC) is generated. Compared to . - .
the initial picosecond pulse, the compressed pulse has much largercOmpresed pulse without pedestalsithin short nonlinear

tolerance ofnoise level forthe SC generation. Our research results media[2], [8], [12]-[17]. In 2006, M&hin et al. obtained a
provide a promising solution to realze the fiberbased compression factor over 20 with ssifmilar propagation of a
mid-infrared femtosecondpulse source for nonlinear photonics pulse in a DDF amplifier [12]. In 2006, Mé&hinet al.

and spectroscopy. investigated the seHimilar propagation in a comblike DDF
Index Terms? Tapered tellurite photonic crystal fiber, amplifier andobtaineda compression factor of 12 [13]n
sel-similar pulse compression, SC generation 2013,Li et al.theoretically demonstrated the ssifilar pulse

compression in nonlinediber Bragg gratings (NFBGSs) [14]
and the effect of thir@rder dispersion was further discussed
[15]. In 2014, Li et al. reported the selfsimilar pulse
THE ultrashort pulses can find importaapplications in  compression in a nonlinearity increasing silica PCF taper with a
supercontinuum  (SC) generation, frequency comigngth of 6.42 m [2]. The seffimilar pulse compression was
generation, biological imaigg, and optical communication introduced to orchip system with a theoretical demonstration
[1]-[4], etc Over the past few yearsgverapulse compression in a chalcogenidsilicon slot waveguide taper in 2016 [8.
should be noted that all above schemes are proposed to work in
’\s/| anusmipé [aecﬂ\éled'at | Natural Sci FoundatidinGhina (61475023 nearinfraredregion
o By litiona turl Science Foundatarna (GLE75023 " The demand of pulsempression in rmidnfrared region s
(2015000026833ZK08) Fund of State Key Laboratory of Information Mmuch stronger than that in ndafrared region due to the lack
Photonics and Optical Communications (Beijldgiversityof Posts and of mid-infrared ultrashort pulseé lasersourcesThe nonlinear
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and Optical Communications Beijing University of Posts and interplay of some nonlinear effectsncluding selfphase
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. INTRODUCTION
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Self-similar pulse compression will be the enabling techniguehere 1= 5(0) and represents the initial chir@étor of the
to obtain highly coherent SC thia picosecond pump pulse [2].incident pulse. By taking Eq. (4) into Eq. (3), we can obtain a
To obtain the seléimilar pulse compressionin  group of analytic sei§imilar solutions of Eq. (3) as 8
mid-infrared region we have proposed anverselytapered P §1/2 tt § i/t t,)28
o . . . 0 5 0 =
silicon ridge waveguide in 2017 [16Recently,a tapered Atz ——=~ ex
tellurite PCF (TTPCF) was alsdnvestigated to realize 1 o b Pe 21 Yo
mid-infrared selfsimilar pulse compressiofil7]. Tellurite where the initial pulse peak pow& = | &0)|/({0)Te?) is
glass hasa muchhigher nonlinear refractive index (BD?b chosen to ensure the fundamental soliton propagafids.the
10’20 mZ/W) than silica Furthermore, tellurite g|ass is initial pulse W|dth, ando is the tempOI’a| pOSition of dihpu|Se
chemically and thermally stable than other ssilita glasses Peak. From Eq. (5)the pulse widthand peak power will
[30]-[31]. Therefore, ¢llurite glass can be considered asdecrease and increase alomgwhen 1H 1, respectively.
suitablefiber material forinvestigaing both theselfsimilar Moreover theyvary alongzas [J, [35]
pulse compression and SC generation.
In this paper, we demonstrate the fmftared selfsimilar
pulse compressionf the fundamentabkoliton in a TTPCF
desgned with nonlinear coefficient increasing alorige Ill. DESIGN OFTHE TTPCF

propagation direction. A ISV SXOVH DW ZDYHOH %J V\éK ¢ i P tth il . diti
successfully compressed to 62.16 fs. Then we launch the order to satisfy the sedfimilar compression condition,

. . : . we design a TTPCF, which can be fabricated with tellurite glass
compressed pulse into another uniform tellurite PCF des'gn?c)esTeQ-ZOZnOSNapO (Mol.%), TZN,np = 1.7X10%° m2/W)

and highly coherent arattavespanning SC is generated. [36]-[38]. Fig. 1(a) shows the crosection of he TTPCF.
From Fig. 1(a), five rings of i&holes are arranged in a

II. THEORETICAL MODEL triangular lattice At the input end, the hole to hole pitchis

The pulse propagation in the TTPCF can be described laphosen as P D Q-bBolddidheted is 0.4 to ensurghe
generalized nonlinear Schriljer egation (GNLSE) as [2], singlemode propagatior8p]. Fig. 1(b) shows the relationship

()

@) TOW V), PQ L (6)

[24], [32] between andz FromFig. 1(b), gradually reduces as
A i"D WA . E increase. At the outputend, LV UHGXFHG WR P
= 70 A : TTW i L2) 1.63m long propagatiorSucha TTPCF with the length of 1.63
mt2 -

(1) m can be drawn iriber tower which have tapered a much
longer length{7] rather than taperingnachine The inset of Fig.
1(b) shows aypical electricalfield distribution calculated at
ZDYHOHQJWK PPIRU

8 f . a
ul mck% UA(zY) 3 R Azt (g dt |

whereA(z, ) represents the slowly varying envelopgjs the

linear loss, m(2) (M « D Q G morder dispersion 40 (b)
coefficient at propagation distanzand calculated from Taylor 70 0000 o
expansion of the propagation constaffJ at a specific coooo0o000 5 30
wavelength. (2) is the Kerr nonlinear coefficient, which che 0000080000 >
calculated by integration over the whole crasstion of the OoooooOoOvoooooooooo 10
tellurite PCF as [12][33] 000000000
00000000

0
2 538(x y)| F(x y)| dxdy 00 04 08 12 16
s z (m)

A 2
O (3[B(xy) dxdy’ | _ | -
) ) ) ) Fig. 1. (a)Crosssection of the TTPCF designed. e relationship between
where nx(x, y) is nonlinear refractive index an&(x, y) the hole to hole pitch and propagation distanegthe inset showing the typical

represents the distribution of the electric field. Nonlineat;' OIH F.WlIJ L 'ZlkD) o ||‘L HOG IG !-VW(:J rI; Ef.XeVl\’;IL RQ hF DE’Jb;XiOI-D WHG
H H uelineis p otte: y spiine |nterp0 ation and the fitt ue Is shown e

dlspersmq 2ok 1( &)/ (&) corresponds to. the effect of signed circles.

self-steeping (SS), where( & =d ( &/d &and & is the central . o .

angular frequencyR(t) denotes the nonlinear response function ~ Figure 2(a) showslte calculated grouelodty dispersion

©0000O0O0O0

@)

which includes the Kerr and delayed Raman responses. 2versus wavelengtfor  varying from2.35to P
As reported in Refs [, [35], the selfsimilar soluions can changes from 5W R wikh a step size of P 7KH
be foundin parametewarying nonlinear Schrédinger equation dispersiorcurve decreasegaduallyalong the increasing of.
(NLSE) The dispersioncurves are almost linear in theonsidered
A E@WA ) spectal range folr all yalues.Fig. 2(b)_ shows the.c.alculated
2 2 v J2)|A” A 0O, (3)  groupvelocity dispersion » and nonlinear coefficient as

functions of , where the red circles correspond to the
numerical results with full vector fité element method. From
Fig. 2(b, both thevariations of ;and are monotonic. As
1 20 @ VUHGXFHV IURP  Wh& vary fréh 0.2 to 8.82

1 1z W-1km! and-92.2 to-148.73 p&km, respectively. Compared

When the dispersion profilex(2) is a constant and2) varies
along the TTPCF as
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to the change of, the variation of » can be negligible. The In therealidic case, thevariation of (2, HOD, HON, and
main reason is considered tifiat such a large mode area PCF,.ocannot be neglected, e.g. the case of GNLSE. Figs. 4(a) and
the light field is well confined in the core region and thel(b) show the temporal and spectral profiles along the TTPCF
material dispersion play an important role, so the waveguidéhen they are considered. The Raman responsetfan of
dispersion induced by the variation ohas little influence on TZN is described as |4

2. In contrast, varies evidently de to the change of effective 7 v2.2 .
mode area. According to Fig. 1(b), we can obtain the he() | Aexp( t)exp( *t / Asial, t) (8
relationships betweerrand andz, as shown in Fig. 2JcAt N
the output end of the TTPCF, the valuesadnd are-148.73
ps/km and 8.82 Wkm't, respectively.

where ;| i+ and &; represent the Lorentzian, Gaussian
FWHM, and Gaussian component positiogis chosen as 0.35
dB/m [33], [41]. From Fig. 4(a), the pulse width is reduced as

i~y the frequency shift and peak povirincrease. From Fig. 4(b),
E -100{ T S the corresponding spectrum intensity is reduced during the
Qo150 T spectral broadening, and a small peak appears at the output end.
= 200 S\# By comparingFig. 3 andFig. 4, it can be found that the peak

250 @ 7 power of the output pulse is much lower and the cpmeding

24 2.5 26

FWHM is wider. A 1ps input pulse can be compressed to 62.16
Wavelength (um)

fs, and the peak power of the output pulse can be up to 18.78

= ~ = 108 12 kW, corresponding t6; = 16.09 ad Q. = 83.16%.
a T8 .135 -
;‘:“ " ; 2 :T -150 J;; 2 -
-165 e ecossiy T B[S 13
51015 20 25 30 35 40 0.0 04 08 12 16 S - 15 = % L
A (um) z(m) 105 < 00 2
Fig. 2. (a) Thecalculated growwvelocity dispersion ; versus wavelengtfor ) = 5 = BN - - c
. I 5 E i o [N = ~— o @
varying from2.35to P(b) and (c) present;, (black solid line) and 21000 0 1080 o 53 54 95 56 o7 £
nonlinegr coefficient (blue dash dotlineggt ZD Y HO H Q J WilSus and2, Time (fs) Wav.elen'gth '(pmi -
respectively

Fig. 4.(a) Temporal and (b) spectral evolutions along the-iné8ng TTPCF

for therealistic caséGNLSE).

IV. SIMULATI ON RESULTS ANDDISCUSSION . . .

Fig. 5(a) shows the relationships between the peak power

In this work, a hyperbolic secant pulse with full width ajp) 5ng FWHM and. Whenz< 1.5 m,Po gradually increases as
half maximum (FWHM) of 1 ps is launched into the TTPCF, increasesas predicted by Eq. (6), and the FWHM almost
The chirp coefficient is -6.5 ps® In order to keep the

fund tal soliton. the inout K i< ch R\ changes linearly. However, whene APy, and FWHM
undamental sofiton, the input peak power IS chosen . begin to deviate from the original route, which is induced by the
The compression factdf. and quality factorQ. are used to

evaluate the compression performance, whigremectively rapid variation of ; and breakdown of seHimilar condition.

) In contrast, the increaseadan enhance the compresseadfect
defined as [8], [@ . : : . .
[8]. 19} = Fig. 5(b) shows the dispersion lendtk and nonlinear length
F. FWHM, / FWHM,,, Q —=L ul00%, (7)  Ln.as functions of. Lp andLy. are defined as
in'c _ T02 1
where FWHM, and FWHM,. represent the input and output Ly m Ly Ep ©)
2 0

FWHM, respectively P, and Py, are the peak powers dfd
input and output pulsesn the ideal case, the variation of the  In the process of the sedfmilar canpressionLo and L
groupvelocity dispersion (z), higherorder dispersion (HOD), are not exactly equalue tovariation of () and .o. Whenz <
higherorder nonlinearity (HON), ando are neglected. The 1.48 mLois slightly smaller thatin.. Lo exceeddn. whenz
evolutions of the temporal and spectral profiles are shown 48 m becauseincreases rapidly and nonlinear effect will be
Figs. 3(a) and 3(b), respectively. It can be seen that both tp@hanced. The difference betwdenandLn. is less than 0.1,
temporal and spectral profiles ar®notonous and symmetric. SO We can considénatLp andLn. are appoximatdy equal and
The peak power of the output pu|se can be up to 60 kw, and fhé fundamental solitoman bewell maintainedduring the

calculatedr. = 44.1 andQ. = 1, respectively. self-similar propagation
~2L ) 1000 35
—~ 215 soo ¢ E28
— 5 = / < 2.1
as 60 = 13 5 10 1000 = 5T,
= = 2 400 e 1.
N a0 < 2 3 = Sor
78 20 8 2 a =p--- 200 * '
2 s : 3 08 Qb 0 0.0

J000 0 dodo 05 24 26 28 E 0 04 08 12 16 00 04 08 12 16
Time (fs) Wavelength (um) z (m) z(m)

Fig. 3.(a) Temporal and (b) spectral evolutions along the-in6B8ng TTPCF  Fig 5. (a)The peak poweP, (blue solid line) and FWHM (black dashed line),
for the ideal casgNLSE). and (b)Lo, (red dashed line) ardy, (blue solid line) as functions af



From Fig. 3(a) and Fig. 4(a), it can be seenBvaHMin Fromthe above resultsself-similar pulse compressiaran
therealisticcase is much wider than that of the ideal case sinbe well achieved insuch a TTPCFwithout considering the
the selfsimilar pulse compression is deviated whanation of randomnoise. However, the random noise is unavoidable in

(2, HOD, HON, and .o are considered. To investigate thepractice. In the fdbwing, we will investigatets impact The

influence of each effect to perturb the sathilar pulse ramdom noise is defined as/ Kexp(2 U5), where the
compression, we compare the output temporal and spectral

profiles by considering them one by one. Figs. 6(a) and G(B?'Se amphtude = 0.01.N is a normally dlstr|butgd random
show the temporal anspectral waveforms whevariation of vana_ble with the mean value 0 and standard deviatiaf 1,

(2), HOD, HON, and., are respectively considered. Tideal andU is an uniformly distributed variable between 0 and 1
case is also given for comparison. From Figs. 6(a) and 6(f2], [23]. Fig. 7(a) shows the input pulse with random noise
when onlyvariation of (Z) is considered, the output pulselevel =0.01. From Fig. 7(a), many burrs appear on the whole
width is larger than that of the d@dl case because thetemporal profile After the propagation of 1.68, the burrs are
self-similar condition cannot be satisfied. If we only considereduced greagl as shown in Fig. 7(b). Moreover, the pulse
the HOD the output spectrum showsymmetry, along with a width is almost the same as that without the random noise. It
small peak, and the temporal waveform is delayedO fs. can be concluded that the ssifilar pulse compression has
When only considering the HON, the output spectrum itle sensitivity on the random noise.
redshifted about 110 nm due totia-pulse Raman scattering

) . 20

Moreover, the SS also causes asymmetry in both temporal ¢ __ (a) _ (b)
spectral waveforms. When only is considered, the peak % 1.2 E 15
power of the output pulse is decreased, and the pulse Wi(“u.:: 08 %’ 10
keeps almost unchanged. When takidgékcts into account, 2 ’ z
a 62.16fs pulse with negligible pedestahn beobtained. o 0.44 o ®

F-- — - E . " 0.0 0
S 60 NSE, hE 510 LS HON 2000-1000 O 1000 2000  -100 O 100 200 300
= :Fi E """" [';35': S 081 hoo = All abovd Time (fs) Time (fs)
o 40 (a) I‘. i i —— Allabove % 0.6 (b) " Fig. 7. (a)The1 ps input pulse with the raiom noise, and (b) output pulse after
2 Pl $ c 0.4 P F selfsimilaer compression with (red dashed line) and witfflolatck solid line)
L 20 ﬂc_% 0.21 AN random noise.

' % “_J‘\ ,‘ ‘ - 0.0 _,r" "."\._"_7

0-50 0 50 100150200 21 24 27 30 V. HIGHLY COHERENT ANDOCTAVE-SPANNINGSC
Time (fs) Wavelength (um) . GENERATION .

Fig. 6. (a) Temporal ang) spectraprofilesfor theideal caseNLSE, red dash By using the shorter pulses (< 100 fsjtesinput pump, the

line), (2) (green dash dot line), HOD (blue dash dot dot line), HON (magengOherence ofhe SC carbe evidentlyenhanced[2], [19], [20].
short dash line),o (cyan short dash dot line) aatl effects (purple solid line) In the following, we will launch the seffimilarly compressed

TABLE | pulse into another tellurite PQfesignedor the SC generation.
F. AND Q. FORDIFFERENT CASES Fig. 8(a) shows the crosection of theuniform tellurite
Effects Considerd Fe Qe PCF designed The fiber materials in the core and cladding
NLSE 2210 100% region are chosen as TLWMN
(TeOz- Li 20-W03- M 003- N szg) and TZNL
@ 26.93 100% (TeG-ZNO-NaO-Lax0s) [19], [42], respectively. Forthe
HOD 45.17 97.27% TLWMN, ny=5.9 x 10 m%W, and the Raman response
HON 25 46 93.30% function can be described as 19
Loss 37.41 87.54% hR(t) 12 Mg exp( K,/) SintW), (10)
All above 16.09 83.16% MZ w 2

whereRaman response timg = 7.4413 fs and2 = 46.932 fs,
Based on the temporal and spectral profiles shown irﬁFig_respectively. The core diametBr of the tellurite PCF i8.5

we summariz&. andQ for thedifferent cases in Tablefrom P DQG KROH WRLKROHP S[ZWihglholeV W

Table 1,the varying dispersion(z) andHON are the dominant diameterd, and second to fourttings hole diameterd, are

effectsthatdecreasé.. The impact oHOD is minor for both chosen as 0.3and 0.4, respectively. The calculated curves of

Fc and Q.. The inclusion of loss introduces the most severf@€ groupvelocity dispersiorD and  are shown in Fig. 8(b),

degradation o€.. Forthe TTPCF, the HOD, HON, linear loss Where be inset shows theoomin dispersion .curvén th_e

and norconstant & are all perturbations to the safmilar ZDYHOHQJWK UDQJH ITURPhe insét/& Fig. P

compression. In the early stage of compression, the variation®P): thedispersion isvery flat, which |sbe1nef|C|aI for the SC

£ is the dominant perturbation but the impacts of HOD ang‘eneratmnfl'he value of is ~140.9 Wkmat wavelength 2.5

HON including seHsteepening and Raman scattering will

increase quickly along the compsém of pulse.



100 700 characterize the output spectra loé tSC which is defined as

@ —— 550" [34], [44]-[45]

OO0O0O0CO0
O 00000
0O 00,0000

D (ps/nm/km)

OO0 O0Oo0 0,00 3 [ -
oo ale o og)z.o o] zazszaaoas 290 = (11)
oo0oo0 oo 00 0 -350 “.._“Wave\englh(pm) 100 =
0000000 500 e 50?‘*
OOOOOOOOOOO Y2 3 4 5 whereA( , 1) represents the signal amplitude in the fregye
Wavelength (um) domain. Tk angular brackets represe¢né ensemble average

Fig. 8. (3 Crosssection of the tellurite PCF designed. (b) The groelocity Ove_r mdependently pairs of spectra, ﬁ@( ! _t) and_Az( ! t),’
dispersiorD (black solid line) and (blue dashed lingdalculatedas functions Which are obtained from 50 shwtshot simulations with
of the wavelength. The inset shows theomin dispersion curven the  different randonmoises at wavelength. The random noise is

ZDYHOHQJWK UDQJH.IURP WR defined above and we take t, = 0. Moreover, it is necessary

When a 1SV SXOVH DW ZDYHOHQJW K toweight Zz inthg wiple spestiim as [419]
power of 1.4 kW islaunchedinto the tellurite PCF, the
evolutions of the temporal asghectral profiles within a 0.56 (12)
long propagation are shown in Fig. 9(a). From Fig. 9(a), the
higherorder solibn occurs to spilt and the optical spectrum is
rapidly broadened after pragation of ~0.3%n. The top figues where . In order to compare the slight
in Fig. 9(a) show theutputtemporal and spectral profiles. We
note that the output temporal profile has split into severdifférence ofthe coherence when they are close to 1, another
pulses, and the fltieation in output spectrum is obviousVarableKis introduced and defined ag[2
because aheMI and soliton fission, which introduce the noise (13
and degrade the coherence of the SC. We firstly investigate the coheremof the SCgenerated

By using the setsimilarly compressed pulse of 62.16 with 1 ps pump pulse. The input peak power angppgation
with the peak power of 15.21 kW as the pump, the couplilgngth are chosen as 1.4 kW and 0.55 m, respectively. The
problem between the TTPCF and the tellurite PCF can Bgectra of the SC and calculated with the 50 shots withe

solved with the method of fused bigcal tapering [Q]. In t_his_, random noise are shown in Figs. Iad 10(c). The grey plots
case, the evolutions 01_‘ the temporal §pdptral profiles within representhe overlapped spectra tfe 50 shots with random
a 5.5cmlongpropagation are shown in Fig. 9(b). It can be segfpise level = 1 x 103 From Fig. 10(a), the differences

from the top figures of Fig 9(a) and9(b)_ that for the s "’?”d between the 50 shots are very large, so the corresponding
62.16fs pulses, the output spectral widths are approximately i o
the samebutthe fiber length sed is only tenth for the 62.16 > < 0.5 over the considered wavelengthge asshown in Fig.

pulse. Moreover, although soliton fission is observed during Q) In contrast when the PU'?’e of 62.16 with per_;\k pover
propagation, the output spectrum is much smootherflatter of 15.21 kW is propagateside a 5.5cm Ior;g fiber, the
than thatgeneratedwith the 1 ps pulse. Compared with Fig. ©Veriapped spectra of the 50 shots with 1 x10~represented

9(a), the temporal and spectral profiles are not sensitive to {a% the grey plot are shown_ in Fig. 10(b), wh_ere the ave_raged
noise seed since the MI suppressecby the selfsimilar spectrum of each 50 shotspiettedby the blue line. From Fig.

compressionand the coherence of the SC is greatly enhancedP(®. the spectral fluctuation decreases greddsom Fig.
10(d), the corresponding is very close to 1 in the
ZDYHOHQJWK UD Q JHBRdomparmgRig. 10(c)P
and Fig. 10(d), it is concluded thathighly coherent and
octavespanningSC can bgeneratedvith compressed pulse.

Fig. 9. The evolutions of temporal and spectral profiles ofn@)1 ps pulse,

e}nd (b) theselfsimilarly compressed 62.13; pulge. The bottom and top Fig. 10. (a) The spectréS) and (c) degree of coherence of the SC
figures show the temporal and spectral profitetha input and output end$é ) ) . 5 3
the uniform tellurite PCE respectively. and S representhe intensity and ~ 9enerated with the fis pulse with random noise level= 1 x10%. (b) The
spectrum, respectively. spectrgS)and (d) of the SC generated with the 62fstpulsewith =1

. %1073, The grey and blue lines in (a) and (b) represent the overlapped spectra of
To compare the coherence of the mserated/wth the 1 the 50 shots anaverage values of the 50 shatsspectively.

ps and 62.16s pulses, we use the degree of coherenceto In order to quantitatively compare theherence fothe SC



generated with the fis and 62.18s pulses we calculatethe [3]
weighted degre® for different Ig() in the whole spectra, as
shown in Fig. 11(a). For theds pulseRis decreased with the [4]
increase of Ig() and no more than O0.®r all Ig( ) values
When Ig() =-9, R=0.26, it can be drawn from the statistics
that a very faint noise will seriously efft the output spectra.
For compressed pulse of 62.f6R s close to 1 when Ig( "
-3. As Ig() increases from3 to -1, R drops quickly from 1 to
0.18. EspeciallyR begins to drop tbeless than 0.5 when Ig(
=-1.6 ( =2.5x10?). In Fig. 11(b)K is also plotted sincR s
very close to 1 for the compressed pulse of 62.1&Kfés
increased witlincrease of Ig() ard several points are neglected[7]
if K <-7. For the 1ps pulseK is close to Gvhenthe value of

is small Thereforethe sdf-similar pulsecompressiortan

(6]

greatlysuppress theandom noiseandimprove the coherence “
of the SC
9]
[10]
(11]
Fig. 11. The weighted degree of coherenceRa@nd (b)K calculated in the (12

whole spectra versus random noise level)lggr the SC generated with the 1
ps pulse (hle dashed star lines) and 62f4¢@®ulse (red solid circle line).

VI. CONCLUSION

In summary, a TTPCF with increasing nonlinearity and
comparatively unchanged dispersionlésignedo achieve the
self-similar pule compressiorof the fundamentakoliton
Whenthevariation of (Z), HOD, HON, and.o are considered,
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