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Abstract

Compression of higher-order solitons in nonlinear optical loop mirrors (NOLMs) constructed from dispersion

decreasing fibers (DDFs) is investigated numerically. Results show that when compared to a soliton-effect pulse

compressor in which only a piece of DDF is used, a NOLM constructed from a DDF not only suppresses pulse

pedestals but also significantly reduces frequency chirps of the compressed pulse. Furthermore, since both compression

and pedestal suppression are realized in the same loop, the novel compressor not only is simpler and more compact but

also less affected by higher-order effects as compared with the recently reported techniques based on DDF. For a given

input pulse, there is an optimum loop length at which the best trade-off among the compression factor, pulse quality,

and output peak power can be obtained. The proposed scheme works well for a broad range of input soliton orders.

� 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Optical pulse compression techniques are im-

portant for the generation of ultrashort optical

pulses. Applications include measurement of ul-

trafast physical processes [1], optoelectronic tera-

hertz time domain spectroscopy [2], optoelectronic

sampling [3,4], and ultrahigh-data-rate optical

communications. Since it was demonstrated by

Mollenauer et al. [5] soliton-effect pulse compres-
sion in optical fibers has long been considered as a

preferred way to obtain femtosecond pulses be-

cause it can be implemented easily and can achieve

very high compression factors. In the compression

of picosecond pulses, however, the compressed

pulses are of poor quality because of the formation
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of the undesired broad pedestal. For a compres-

sion factor of 60, up to 80% of the pulse energy is

contained in the pedestal component [6]. Because

of the broad pedestal, adjacent pulses will overlap

during propagation and leads to the degradation

of system performance.
Several pedestal suppression techniques have

been implemented successfully. In the intensity

discrimination technique [7,8], the fiber nonlinear

birefringence induced by an intense pulse is used to

modify the shape of the same pulse. As a result, the

low-intensity tails of a pulse is blocked while the

peak of the pulse is allowed to pass. Another

technique for pedestal suppression is to utilize a
nonlinear optical loop mirror (NOLM) [9,10]. An

NOLM can self-switch if a symmetry-breaking

element is placed in the loop. Counter-propagating

pulses will therefore acquire different nonlinear

phases. At recombination in the coupler, both re-

flected and transmitted outputs are produced.

Since the transmission is intensity dependent, the

loop length can be chosen such that the lower-
intensity pedestal is reflected while the higher-

intensity pulse peak is transmitted resulting in a

compressed pedestal-free transmitted pulse. Vari-

ous schemes have been proposed to break the

symmetry of the counter-propagating pulses in the

loop, such as by inserting an amplifier [11,12] or

attenuator [13] at one end of the loop, exploiting

asymmetrically induced nonlinear birefringence
effects [14], and employing two fibers with different

dispersion properties [15,16]. These devices not

only suppress pulse pedestal [16,17] but also si-

multaneously compress the incident pulses

[13,15,18]. However, since uniform fibers were

used to construct NOLMs, the compression fac-

tors achieved by these techniques were low even

for compression of higher-order solitons. The
highest compression factor reported [13] was lower

than that obtained by compression using conven-

tional soliton-effect compressor in which the input

pulse is passed through a piece of fiber.

More recently, several groups have indepen-

dently reported their works [19–22] in pedestal

suppression of compressed pulses by using

NOLMs. The common feature is that pulse com-
pression and pedestal suppression were achieved

through two separate stages. First, higher-order

solitons were compressed by using dispersion de-

creasing fibers (DDFs) [20–22] or step-like dis-

persion profiled fibers [19]. And then, pedestals

were reduced by passing the compressed pulses

through NOLMs constructed from two different

dispersion fibers [19] or dispersion-flattened fibers
(DFFs) [20,21] or DFFs with dispersion manage-

ment [22]. A common difficulty is that since the

pulses injected into the loop have extremely nar-

row widths, higher-order effects such as Raman

self-scattering (RSS) and third-order dispersion

(TOD) broaden the counter-propagating pulses in

the loop and thus limit the output pulsewidth.

Although elimination of TOD through the use of
DFFs can reduce distortion of the counter-prop-

agating pulses, RSS is still a detrimental effect.

Since the initial intensities of the counter-propa-

gating pulses are different (which is necessary for

switching), mismatched RSS of the counter-prop-

agating pulses leads to relative arrival time delay at

the coupler, causing poor pulse overlap and de-

graded the NOLM performance.
In this paper, we propose to use NOLMs con-

structed from DDFs (hereafter, we call them DD-

NOLMs) for compression of higher-order solitons,

in order to simultaneously utilize the desirable

features of both the DDF (which can compress

pulses with large compression factor) and the

NOLM (which can suppress pulse pedestal). We

will show that the proposed scheme not only is
simpler and more compact but also less affected by

higher-order effects as compared with the recently

reported techniques based on DDF. It should be

mentioned that DD-NOLM was proposed and

investigated recently [23,24]. The studies focused

on the switching characteristics of this device. Al-

though pulse compression was observed [24], it

was viewed as a detrimental effect to the switching
characteristics. The compression factor was low

because the DDFs used there were several soliton

periods long which is much longer than that re-

quired for optimum compression. It is therefore

not clear from previous studies [23,24] whether this

device is superior to available compressors when

used for soliton compression. We also note that

the DD-NOLM was used as an intensity-depen-
dent transmission element in a fiber laser [25].

However, as stated in [25], the mode locking was
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based on adiabatic pulse compression in the loop,

thus the loop length would increase exponentially

with input pulsewidth (where it was only 1.25 ps).

In the proposed scheme, the compression is non-

adiabatic which allows one to compress long pul-

ses with short fiber length.

2. Basic equations

Fig. 1 shows the configuration of the DD-

NOLM which consists of a 50/50 coupler and a

DDF with the dispersion coefficient decreasing in

the clockwise direction. The input pulses u1 are
launched into port 1 and compressed pulses u2 are
obtained at port 2. The input pulses are split at

the coupler according to [9]

u3 ¼
ffiffiffi
a

p
u1; ð1Þ

u4 ¼ i
ffiffiffiffiffiffiffiffiffiffiffi
1� a

p
u1; ð2Þ

where u3 and u4 are the field amplitudes right after

the coupler and a:(1� a) is the power-coupling

ratio. We have chosen a ¼ 0:5 throughout this

paper. If the incident pulse duration is much

shorter than the loop length, the interaction be-

tween counter-propagating fields can be neglected.

This can be justified as following: for a pulse du-
ration of 5 ps (FWHM), the interaction length z of

the counter-propagating pulses in the loop is

shorter than 1:5� 10�6 km. The maximum phase

shift caused by the cross-phase modulation (XPM)

effect is less than cP0z (see [26, Section 4.1.1]),

where c and P0 are, respectively, the nonlinearity

coefficient of the fiber and the peak power of the

pulse. For typical values of c ¼ 5 W�1 km�1 and
P0 ¼ 500 W (which is higher than the maximum

peak power of the pulses inside the loop as as-

sumed below), the maximum phase shift is less

than 3:75� 10�3, which should have a negligible

effect on the performance of the DD-NOLM.

Thus, the evolution of the counter-propagating
pulses can be described separately by the modified

nonlinear Schr€uudinger equation. For example, the

evolution of the clockwise propagating field can be

described by [26]

i
ou3
on

þ 1

2
pðnÞ o

2u3
os2

þ u3j j2u3

¼ id
o3u3
os3

� is
o

os
u3j j2u3

� �
þ sRu3

o u3j j2

os
; ð3Þ

where u3ðn; sÞ is the normalized clockwise traveling

pulse envelope in soliton units and

n ¼ z b2ð0Þj j
T 2
0

; s ¼ t � z=vg
T0

; pðnÞ ¼ b2ðnÞ
b2ð0Þ

����
����;

ð4Þ

d ¼ b3

6 b2ð0Þj jT0
; s ¼ 2

x0T0
; sR ¼ TR

T0
: ð5Þ

In Eqs. (4) and (5), b2ð0Þ is the initial group-ve-

locity dispersion (GVD) coefficient of the DDF, b3

is the TOD coefficient which is assumed to be

constant along the DDF, vg is the group velocity,
x0 is the carrier frequency, T0 is the half-width (at

1/e-intensity point) of the input pulse, TR is the

Raman resonant time constant (typically 3 fs for

conventional silica fibers), pðnÞ governs the GVD

variation along the DDF, t and z are time and

distance, respectively. The parameters d, s, and sR
take into account, respectively, the effects of TOD,

self-steepening, and RSS. Fiber loss is neglected
because of the short fiber lengths used in pulse

compression.

For a DDF of length L, the ratio of input to

output GVD coefficients

Geff ¼ b2ð0Þ=b2ðLÞ ð6Þ

is commonly called the effective amplification of
the fiber. A very high effective amplification ðb2

ðLÞ 	 0Þ cannot be realized in practice because of

the inherent small dispersion fluctuations associ-

ated with the manufacturing process, the wave-

length dependence of the GVD coefficient, and the

small fluctuations in the wavelength of the laser
Fig. 1. Schematic of the DD-NOLM. Input pulses are launched

into port 1 and compressed pulses are obtained from port 2.
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source. Hence amaximum effective amplification of

20 was adopted for soliton compression in DDFs

[27–29]. The choice of the dispersion profile of the

DDF is also an important consideration. It was

shown [30] that for soliton compression, a linear
dispersion profile should be used if one optimizes

both the compression factor and the compressed

pulse quality. In the following, we chose linear

dispersion profiles to construct the DD-NOLMs.

The input to the DD-NOLM compressor at

port 1 is assumed to be a higher-order soliton of

the form

u1ð0; sÞ ¼ NsechðsÞ; ð7Þ
where N is the soliton order and is related to the

physical parameters by

N 2 ¼ cP0T 2
0

b2ð0Þj j ; ð8Þ

where c is the nonlinearity coefficient (assumed to

be a constant) of the DDF and P0 is the peak

power of the input soliton.

From Eqs. (1) and (2), the initial clockwise and

counter-clockwise pulses are given by

u3ð0; sÞ ¼
ffiffiffi
2

p

2
NsechðsÞ; ð9Þ

u4ð0; sÞ ¼ i

ffiffiffi
2

p

2
NsechðsÞ: ð10Þ

Note that the two pulses experience different

dispersion profiles in the loop. For example, the

clockwise pulse initially experiences a dispersion

coefficient Geff times larger than the counter-

clockwise pulse does. In the following, the modified
nonlinear Schr€oodinger equation Eq. (3) is solved

numerically using the split-step Fourier method.

After traveling around the loop, the counter-

propagating pulses recombine at the coupler. The

transmitted and reflected pulses can be calculated

using the coupler equations described in [9].

3. Results and discussions

3.1. Demonstration of the technique

We consider the compression of a sixth-order

soliton [i.e., N ¼ 6 in Eq. (7)]. In a standard

NOLM in which an uniform dispersion fiber and a

symmetry-breaking element are used [13,18], the

compression factor is smaller than that achieved

by conventional soliton-effect compression in a fi-

ber line with the same dispersion coefficient as that

of the NOLM. It is because the input pulse is split
into two directions in the former case and thus the

soliton order is decreased in each direction.

However, significant enhancement in pulse com-

pression can be achieved if a DDF is used to

construct the NOLM since the loop provides an

effective amplification [31–33] for the clockwise

pulse because of the decreasing dispersion.

Fig. 2(a) shows the clockwise and counter-
clockwise pulses after they travel around the loop

but before recombination at the coupler. The input

pulse at port 1 is a sixth-order soliton, the opti-

mized loop length (which is chosen such that the

clockwise pulse achieves a maximum compression)

is 0:26LD ½LD ¼ T 2
0 =b2ð0Þ�, and the DDF has an

effective amplification of Geff ¼ 18. Higher-order

effects in Eq. (3) are neglected first, which is a
reasonable assumption for input pulsewidth larger

than 10 ps. The clockwise pulse achieves a com-

pression factor of 105 (which is defined as the ratio

of the FWHM of the input pulse to that of the

compressed pulse) with its peak intensity (which is

normalized to the peak intensity of the input pulse)

16 times higher than that of the input pulse. The

counter-clockwise pulse achieves a lower com-
pression factor but its pedestal almost overlaps

that of the clockwise pulse. Since the phase dif-

ference between the two pulses is intensity depen-

dent, switching condition is satisfied for the central

peak but not satisfied for the rest of the pulse

leading to pedestal suppression after recombina-

tion. Fig. 2(b) shows the transmitted and reflected

pulses from the DD-NOLM. The compression
factor of the transmitted pulse is 80.25 and the

peak intensity is 17.64 times higher than that of the

input pulse. The notable feature is that the re-

flected wave is very similar to the pedestal sur-

rounding the compressed pulse from a

conventional soliton compressor. It should be

noted that, the clockwise pulse achieves a higher

compression factor than that of the transmitted
pulse before recombination but its quality is very

poor. Nearly 70% of the pulse energy appears in
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the pedestal. This is the reason that conventional

soliton compressor using DDF is limited to the

compression of fundamental solitons [27,29,30] or

solitons [28] with initial soliton order 1 < N < 2

only.

In the above calculations fiber loss was ne-
glected because of a relatively short loop was used

for pulse compression, which is justified as follows:

For TFWHM ¼ 5 ps ðT0 ¼ TFWHM=1:763 ¼ 2:84 psÞ,
b2ð0Þ ¼ �20 ps2 km�1, and a fiber loss of 0.8 dB

km�1 (considering that the DDF is relatively los-

sy), the optimum loop length used for Fig. 2(a) is

about 105 m, the normalized peak intensity of the

transmitted pulse is 16.74 and the compression

factor is 79.39 when fiber loss is considered. It is

seen that the influence of fiber loss on pulse com-

pression is indeed small.

Fig. 3(a) compares the transmitted pulse shape
shown in Fig. 2(b) to an optimally compressed

sixth-order soliton from a DDF with initial

dispersion coefficient, b2ð0Þ, and effective amplifi-

cation (Geff ¼ 18) identical to those of the DD-

NOLM used for Fig. 2. The optimum DDF length

is 0:165LD which is chosen such that the pulse ex-

periences an initial maximum compression. From

Fig. 3(a), although the compression obtained from
theDDF ismore significant than that from theDD-

NOLM, the pulse quality produced by the DDF is

much poorer since the compressed pulse is accom-

panied by a broad pedestal. We define the pedestal

energy as the relative difference between the total

output energy, Etotal, and the energy of a hyper-

bolic-secant pulse having the same peak intensity

and FWHMpulse width as those of the compressed
pulse, i.e.,

Pedestal energyð%Þ ¼ Etotal � Esec hj j
Etotal

� 100: ð11Þ

Note that the energy of a hyperbolic-secant
pulse with peak power Ppeak and pulse width TFWHM

is given by

Esec h ¼ 2Ppeak
TFWHM

1:763
: ð12Þ

Using Eq. (11), the pedestal energies are 37.3% for

the DD-NOLM compression and 79.8% for the

DDF compression, respectively. We will show la-

ter that compressed pulse with pedestal energy less

than 20% can be obtained if the input soliton order

(N) or the effective amplification (Geff ) of the DD-
NOLM are appropriately chosen.

Figs. 3(b) and (c) show the spectra and fre-

quency chirps corresponding to Fig. 3(a). We see

that the spectrum produced by the DDF has a

two-fold structure. In contrast, the spectrum does

not split and is flat over a large central region in

the case of DD-NOLM. Note that, since a large

portion of the pulse energy is reflected as pedestal
[see the dashed curve of Fig. 2(b)], the spectrum

intensity produced by the DD-NOLM is decreased

Fig. 2. (a) Clockwise (solid curve) and counter-clockwise (da-

shed curve) pulses after their traveling around the loop but

before recombination. (b) Transmitted pulse shape (solid curve)

and reflected pulse pedestal (dashed curve) from the DD-

NOLM. The input to port 1 of the DD-NOLM is a sixth-order

soliton in terms of the initial dispersion of the DDF loop, and

the DDF has an effective amplification of Geff ¼ 18.
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as compared with the case of the DDF. Fig. 3(c)

shows that, for DDF compression, large frequency

chirp appears across the main pulse. Whereas in
the case of DD-NOLM the chirp is very weak,

which is due to the switching characteristic of the

DD-NOLM, i.e., after interfering, the up- and

down-shifted frequency components of the

counter-propagating pulses are reflected.

3.2. Effects of loop characteristics and initial soliton

order

The above results demonstrated the compres-

sion of a sixth-order soliton in a DD-NOLM for a

particular loop length and a fixed effective ampli-

fication (Geff ). In this section, the effects of loop

length, effective amplification, and incident soliton

order are studied. Fig. 4 shows the compression

factor, the normalized peak intensity, and the
corresponding pedestal energy as a function of the

loop length of the DD-NOLM. The input pulses in

all cases are the same as that used in Fig. 2 (i.e., a

sixth-order soliton). The DDFs have the same

dispersion decreasing rate as before, except that

the length of the DDF is varied. Fig. 4 shows that

for a given input soliton and a given dispersion

decreasing rate of the DDF, there exists an opti-
mum loop length at which the peak intensity of the

compressed pulse is maximized and the pedestal

energy is nearly minimal. Although a higher

compression factor can be obtained by choosing a

longer loop length, pulse quality declines. So, there

is a trade-off among the compression factor, peak

intensity, and quality of the compressed pulse.
Here we define that the best trade-off occurs at the

loop length at which the peak intensity of the

compressed pulse is maximum. In fact, the com-

pressed pulse shown by the solid curve in Fig. 3(a)

is obtained at that loop length.

Fig. 4 also shows that high-quality compression

with large compression factor can be achieved over

a relatively wide range of the loop length. For
example, if the input sixth-order soliton has a

TFWHM of 5 ps and the DDF has an initial b2ð0Þ of
�20 ps2 km�1, then from Fig. 4 compressed pulses

with compression factors higher than 50 and

pedestal energy less than 33% can be obtained over

Fig. 3. Comparison between the transmitted pulse of Fig. 2(b) and an optimally compressed sixth-order soliton from a DDF. (a) Pulse

shapes, (b) spectra, and (c) frequency chirps. Solid curves and dashed curves represent the results from the DD-NOLM and the DDF,

respectively.

Fig. 4. Variation of the compression factor, normalized peak

intensity, and corresponding pedestal energy with the loop

length of the DD-NOLM. In all cases, the input pulse is a sixth-

order soliton and the dispersion decreasing rate of the loop is

fixed and is identical to that used in Fig. 2.
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a loop length range of 101:71–103:92 m. This

permits of easy choice of the loop length.

We next consider how the input to output dis-

persion ratio (i.e., the effective amplification Geff )

of the DDF loop affects soliton compression. Fig.

5 shows the compression factor, pedestal energy,
normalized peak intensity, and corresponding op-

timum loop length as a function of Geff for a fixed

input soliton order (N ¼ 6). Note that for each

value of Geff , we optimized the compression by

choosing the optimum loop length (at which the

clockwise pulse achieves a maximum compres-

sion). We found that the compression factor is

approximately proportional to Geff , whereas the
normalized peak intensity tends to saturate with

Geff . As a result the pedestal energy increases

slowly with Geff . Note that Geff has little influence

on the optimum loop length zopt. When Geff in-

creases from 2 to 18, zopt increases from 0:25LD to

0:26LD only. Thus for optimum compression, the

parameter Geff has a large influence on the dis-

persion decreasing rate of the DDF loop. For ex-
ample, the dispersion decreasing rate for Geff ¼ 18

is 1.82 times larger than that for Geff ¼ 2.

Fig. 6 shows the effect of incident soliton order

(N) on the compression factor, pedestal energy,

normalized peak intensity, and optimum loop

length. For all values of N studied here, the effec-

tive amplification of the DDF loop is fixed at

Geff ¼ 18. Fig. 6 shows that the compression factor

increases with increasing soliton order while the

optimum loop length decreases. The notable fea-

ture is that the pedestal energy attains a minimum

at an optimum N. Thus, from Figs. 5 and 6,
compressed pulse with less pedestal energy than

that of the DD-NOLM output of Fig. 3(a) can be

obtained if the incident soliton order and the ef-

fective amplification of the DD-NOLM are ap-

propriately chosen. For example, for N ¼ 4 and

Geff ¼ 6, the pedestal energy and compression

factor obtained from the DD-NOLM are 18.5%

and 20.2, respectively.
It is useful to compare this technique to that

described in [19–22] where pulse compression and

pedestal suppression are carried out with different

components. The advantage of the present tech-

nique is that pulse compression and pedestal sup-

pression can be achieved in a single device that is

simpler and more compact than the combination

of different components. A shortcoming of the
present technique is that pedestal suppression is

not complete. Whereas as shown in [19], nearly

pedestal-free compressed pulses were produced by

the combination of a step-like dispersion profiled

fiber (for pulse compression) and a fiber loop

mirror (for pedestal suppression). The reason is

that the compressed pulses (with pedestals) laun-

ched into the loop have relatively low soliton or-
ders (<2th). The loop only acts as an intensity

Fig. 5. Variation of the compression factor, pedestal energy,

normalized peak intensity, and the corresponding optimum

loop length with the effective amplification (Geff ). In all cases,

the input soliton order is fixed at N ¼ 6.

Fig. 6. Variation of the compression factor, pedestal energy,

normalized peak intensity, and optimum loop length with input

soliton order N. For all values of N, the DD-NOLM has an

effective amplification of Geff ¼ 18.
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discriminator and cannot perform efficient pulse

compression. After traveling around the loop, the

counter-propagating pulses experience nearly the

same phase shift around the pedestals leading to a

pedestal-free transmitted pulse. It should be noted

that, since the compressed pulse (which is usually
in the femtosecond regime) has to circulate the

loop, this two-stage compression technique is apt

to be affected by RSS and TOD [21].

3.3. Influence of high-order effects

The results presented so far were obtained using

an ideal loop model that ignores higher-order ef-
fects. However, the compression factors achieved

by DD-NOLM are so large that even a 10-ps sixth-

order soliton can be easily compressed into a

subpicosecond pulse by using a DD-NOLM with

an effective amplification of Geff ¼ 18. Higher-or-

der effects such as RSS and TOD can severely

degrade the compression factor for both conven-

tional soliton-effect [6] and adiabatic [27] pulse
compression techniques when the pulses are com-

pressed down to widths less than several hundred

femtoseconds. The degradation is more severe [21]

when NOLMs are used to remove the pedestals of

pulses compressed by DDFs. In this section, we

studied the influence of RSS and TOD on soliton

compression in DD-NOLMs. We find that the

DD-NOLM is less affected by higher-order effects
as compared with previous techniques based on

DDFs.

Fig. 7(a) shows the optimally compressed pulse

shapes for an input sixth-order soliton with

FWHM of 10 ps in the absence of RSS and TOD

(bold line), in the presence of RSS (solid line), and

in the presence of both RSS and TOD (dashed

line). In all cases, the DD-NOLM has an effective
amplification of Geff ¼ 18. The DDF parameters

are b2ð0Þ ¼ �20 ps2 km�1, b3 ¼ 0:1 ps3 km�1, and

TR ¼ 3 fs. The higher-order parameters from Eq.

(5) are sR ¼ 5:3� 10�4, d ¼ 1:5� 10�4, and

s ¼ 2:9� 10�4 for a carrier wavelength of 1.55 lm.

Self-steepening effect is ignored because it plays a

negligible role on short pulse propagation as

compared to RSS and TOD. Fig. 7(a) shows that
the effects of RSS and TOD on pulse compression

is very small even though the pulsewidth is com-

pressed into 125 fs. In all cases the same com-

pression factor of 80.25 is achieved and high-order

effect do not affect the optimum loop length. We
note that both RSS and TOD lead to a small time

delay in the compressed pulse.

Fig. 7(b) shows compression results under

conditions identical to those of Fig. 7(a) except

that the FWHM of the input sixth-order soliton is

5 ps. Again, RSS and TOD do not affect the

compression factor and the optimum loop length.

The pulsewidth of the compressed pulses is 62 fs in
each case. The TOD causes a slight increase in the

pulse pedestal from 37.3% (ideal case) to 43.3%

Fig. 7. Optimally compressed pulse shapes for an input sixth-

order soliton with FWHM of (a) TFWHM ¼ 10 ps and (b)

TFWHM ¼ 5 ps. The bold, solid, and dashed curves represent,

respectively, the cases without RSS and TOD, with RSS only,

and with both RSS and TOD. In all cases the DD-NOLM has

an effective amplification of Geff ¼ 18.
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and a decrease of the peak intensity of the com-

pressed pulse. Nevertheless, the effect is much
smaller than those in the recently reported results

[19–22], in which pulse compression and pedestal

suppression were achieved in two separate stages,

i.e., first pulse compression by a DDF and then

pedestal removal by a NOLM. The output of a

two-stage compression process was severely de-

graded by RSS and TOD because the pulse has

been compressed down to femtosecond width be-
fore entering the NOLM and the ultrashort pulse

has to circulate the loop in order to achieve ped-

estal removal. Although TOD can be suppressed

[20–22] by using a NOLM constructed from DFF,

RSS remains a detrimental effect [21], since the

counter-propagating pulses experience different

RSS which results in a relative arrival time delay at

the coupler. Poor pulse overlap degrades the in-
tensity of the transmitted pulse. In contrast, Fig. 8

gives the evolution of the clockwise and counter-

clockwise pulsewidths in the DD-NOLM under

the same conditions as those of Fig. 7(b) when

RSS and TOD are ignored. Compared to a two-

stage compression in which femtosecond pulses

must circulate the whole loop, ultrashort pulse

propagation only occurs in a small part of the loop
length in a DD-NOLM. As a result, soliton com-

pression in DD-NOLM is less susceptible to

higher-order effects.

4. Conclusions

In conclusion, we proposed and demonstrated

numerically a novel technique to compress higher-

order soliton pulses using a nonlinear optical loop
mirror constructed from dispersion decreasing fi-

ber (DD-NOLM). In comparison with the DDF

compressor, the DD-NOLM can significantly re-

duce the frequency chirp of the compressed pulse

besides suppressing the pulse pedestal. For a given

input soliton and a dispersion decreasing rate or

input to output dispersion ratio of the DDF loop,

there exists an optimum loop length at which an
optimum trade-off among the compression factor,

pedestal energy, and output peak power can be

obtained. As the input to output dispersion ratio

of the loop increases, the compression factor in-

creases rapidly while the pulse quality degrades

slowly. It is found that the novel compressor is less

affected by higher-order effects as compared with

recently reported techniques based on DDF. We
have also studied the dependence of the compres-

sion performance on the input soliton order and

found that the proposed scheme works well for a

broad range of input soliton orders.
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