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a b s t r a c t

Fields of a focused supercontinuum laser with different center wavelength are studied near the focus in
this paper. Effects of the spectrum property on the intensity distributions of the laser are analyzed in
detail by numerical calculations. The results indicate that the maximum intensity is shifted toward the
lens as the center wavelength decreases and it is deviated from the lens as the center wavelength shift to
long wavelength. Influence of the center wavelength on the shift of the maximum intensity is smaller in
the laser with broader bandwidth. Determined by the center wavelength, the focused supercontinuum
laser presents positive focal shift or negative focal shift in the system with any truncated parameter.
If appropriate center wavelength and bandwidth are chosen, the focal shift of the supercontinuum laser
passing through a dispersive lens can be eliminated.

& 2013 Elsevier B.V. All rights reserved.

1. Introduction

The first white light spectra in the range from 400 nm to
700 nm were produced by Alfano and his coworker in 1970 [1,2].
As a new light source, the supercontinuum laser is finding
applications in a diverse range of fields, including optical coher-
ence tomography [3], frequency metrology [4], optical commu-
nications [5] and many others. In recent decades, the generation of
the supercontinuum laser has been investigated extensively [6–15].
Ranka and his coworkers generated an almost rectangular spec-
trum with ultrabroadband continuum extending from 390 nm to
1600 nm in 2000 [6]. Halir et al generated a spectrum extending
from 665 nm to 2025 nm with 160 pJ pulses by using a 4.3 cm-
long waveguide last year [11]. In this year, Swiderski et al demon-
strated a novel method of mid-infrared supercontinuum generation
with the use of a 2 μm gain-switched selfmode-locked thulium-
doped fiber laser and the source radiation ranging from ∼1.9 to
3.8 μm wavelengths [15].

Li and Wolf reported focal shift effect in a focused laser firstly in
1981 [16,17] and then this effect has been studied in many beam
models and optical systems [18–23]. Earlier this year, we researched
the focal shift in the supercontinuum laser passing an apertured
dispersion lens system in Ref. [22] at the first time. It is found that,
apart from the conventional negative focal shift, the positive focal
shift is also generated in the supercontinuum laser. As we investigate
the propagation properties of the supercontinuum laser further,
some new phenomena are found. In this paper, the intensity
distributions of a focused supercontinuum laser with different center

wavelength are studied and the variations of position of the max-
imum intensity with center wavelength are given.

2. Fields of a focused supercontinuum laser

Similar to investigations in Ref. [22], the model of a super-
continuum laser passing through an apertured dispersion lens is
also studied and the transverse mode in one dimension is
considered. It is also assume the space and the spectrum fields
of the initial beam E1(x1, 0, ω) can be separated, i.e. E1(x1, 0, ω)¼
E1(x1, 0)S(ω). The field of each frequency component of the super-
continuum laser after the apertured dispersive lens is obtained by
using the Huygens–Fresnel diffraction integral as
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where k¼2π/λ is the wave number, a is half width of the rectangular
aperture, and λ is wavelength. The focal length of the dispersion lens
is given as f(λ)¼(n0–1)f0/[n(λ)�1], where n0 and f0 are the refractive
index and the focal length of a set center wavelength, respectively,
and n(λ) is the refractive index of the frequency component with
wavelength λ.

The transverse mode of the laser is Gaussian shape and the
beam waist is located at the same plane of the lens, i.e.
E1ðx1;0Þ ¼ A0expð�x21=w

2
0Þ, where w0 is the width of the beam

waist and A0 is a complex constant. Considering the fields on z axis
only, i.e. x¼0, and performing integral calculation of Eq. (3), it is
obtained
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where δ¼(a/w0)2 is truncated parameter and Nw¼w0
2/λ0f0 is

Fresnel number related with the laser beam, Fλ¼ f(λ)/f0¼(n0–1)/
[n(λ)–1] and zf ¼z/f0, ξ¼λ/λ0, erf( ) is error function. The fields can
be obtained as

Eð0; zÞ ¼
Z 1

�1
E2ð0; z;ωÞ dω; ð3Þ

and the intensity is given by I(0, z)¼ |E(0, z)|2.

3. Effects of the spectrum property on intensity distributions

We have known in Ref. [22] that the intensity distributions of
the focused supercontinuum laser with Gaussian spectrum shape
and rectangle spectrum shape differ from each other. In this paper,
the supercontinuum laser with Gaussian spectrum profile is also
considered but the center frequency is not located at a set center
frequency in Ref. [22]. The spectrum is in the form of

SðωÞ ¼ exp �2ln 2
½ω�ðω0 þ ω′�2

Δω2

( )
; ð4Þ

where the Δω is the spectrum width of the supercontinuum laser
and ω′ is the shift of the center frequency related to the set center
frequency. We also consider that the dispersion lens is made of the
fused silica, whose refractive index n(λ) is given in Ref. [22]. In the
following calculation, Nw¼125 and a set center wavelength λ0 of

800 nm is considered and the focus is related to the set center
wavelength.

Normalized intensity distributions of the focused superconti-
nuum laser on z axis near the focus are given in Fig. 1 with δ¼0.25
and the bandwidth of 10 nm in Fig. 1(a) and the bandwidth of
400 nm in Fig. 1(b). The solid line is the laser with center
wavelength of 600 nm, the dashed line is that of 800 nm and the
dotted line is that of 1000 nm. The figures show that the maximum
intensity is shifted toward the lens as the center wavelength
decreases, and it is deviated from the lens as the center wave-
length shift to long wavelength. The maximum intensity even
exceeds the focus and the negative focal shift turns to positive
focal shift as the center wavelength increases. Compared with
Fig. 1(a) and (b), it is also found that the maximum intensity shifts
smaller in the laser with broader bandwidth.

Fig. 2 depicts the normalized intensity distributions on z axis
near the focus with δ¼4 and the bandwidth of 10 nm in Fig. 2
(a) and the bandwidth of 400 nm in Fig. 2(b). The solid line is the
laser with center wavelength of 600 nm, the dashed line is that of
800 nm and the dotted line is that of 1000 nm. Variations of the
maximum intensity's position with center wavelength are similar
to those in Fig. 1. It is known that the focal shift of the super-
continuum laser passing through a dispersive lens is positive as
δ¼4 in Ref. [22]. However, the maximum intensity shifts toward
the lens and the laser even presents negative focal shift as the
center wavelength decrease. The Fig. 2(a) and (b) also shows that
shift of the center wavelength has larger effect on the variation of
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Fig. 1. Normalized intensity distributions on z axis near the focus with δ¼0.25. The
solid line is the laser with center wavelength of 600 nm, the dashed line is that of
800 nm and the dotted line is that of 1000 nm.(a) 10 nm bandwidth and
(b) 400 nm bandwidth.
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Fig. 2. Normalized intensity distributions on z axis near the focus with δ¼4. The
solid line is the laser with center wavelength of 600 nm, the dashed line is that of
800 nm and the dotted line is that of 1000 nm. (a) 10 nm bandwidth and
(b) 400 nm bandwidth.
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