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III.

SHG IN WAVEGUIDE
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One of the most interesting things about SHG in
waveguide configuration is that the Gaussian beam
diffraction problem can be overcome by guided-wave
configuration. In such configuration, the high optical density
power is confined, thus, increasing the interaction along the
waveguide length.
The coupled-mode equations describing the evolution of
the fundamental and the second harmonic waves inside a
waveguide are formally given by:
*
2iZFF kdAFF
( z ) ASH ( z ) exp(i'E z )
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dz
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where m denotes the mode indices,
is the propagation wave vector of mode m with frequency

Zj

N

inside the waveguide, with eff , m being the effective
refractive index of the propagating mode.
From (7) this condition is called phase-matching and
corresponds to:
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However, N eff
due
to
chromatic
dispersion
z
N
, SH
eff , FF

in most materials and waveguides, including lithium niobate.
Therefore, we define the coherence length by lc as the
length in which the power generated increase due to the
destructive interference between the beams generated at a
point of crystal:
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A. Overlap integral
The calculation of the effective area overlap in a
waveguide takes into account the EM field distribution
between the possible fundamental and SHG transversal
modes. This factor is a concept specific to waveguides. It
can be described as being a space integral of the product of
the fundamental power normalized by the distribution of the
electric field through the nonlinear area of the guide. An
important value of this integral is its high conversion
efficiency [15].
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The effective overlap area must be optimised; its value
should be close to 1.
B. Phase matching by modal dispersion

2
FF

Where:

bulk: Bulk material wave vector mismatch
by the waveguide wave vector mismatch:
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Waveguide interactions are important in some
applications because they have efficiencies of several orders
of magnitude larger than those in bulk media [14]. In optical
waveguide various modes can propagate at various phase
velocities thus, characterized by their effective indices Nm
(m: the order of the guided mode). Under these conditions, a
new degree of freedom exist using phase matching by modal
dispersion [15].
The mathematical theory of waveguide interactions is
quite similar to that for plane waves, but with an effective
area for relating the power to an effective intensity that
depends on the overlap integral of the interacting waveguide
modes [16]. The scaling of the mixing efficiency for
undepleted-pump SHG then goes as:

There are two main differences in the above equations
compared to coupled-mode equations describing the
evolution of fundamental and second harmonic waves in

as
df
.re
s.
in

By using the nonlinear Bragg’s law [1], we can predict
the walk-off angles of each reciprocal lattice vector (RLV)
according to the temperature.
Several studies have been presented in literature for SHG in
bulk:
QPM SHG has been demonstrated at wavelengths
ranging from 325 nm in UV [7] to 5.25 ȝm in mid-IR [8]. up
to 42% for CW 532-nm generation [9], 86% with ns pulses
at 768 nm [10], also there is many works in case of 2D
configuration, in [11] the presented work achieve 50% of
efficiency, in [12]the first telecommunication application of
NLPCs was demonstrated, and a orthorhombic structure
was proposed in [ 13].
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p
An effective SHG must obey to the condition
In multimodal waveguide, the effective indices take a value
between the refractive index of the waveguide, and the
highest refractive index of the surrounding layers. However,
it should be noted that the conversion efficiency is very
different according to the considered interaction due to the
integration overlap. It is known that interactions between
odd and even modes are highly disadvantaged. In addition,
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EXPERIMENTAL RESULTS AND DISCUSSION

Here we present preliminary experimental results of the
characterization of PPLN 2D in Bulk and waveguide
We took a sample of 2D PPLN with a square lattice and a
period of / = 6.92 µm as presented in figure 2.
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the losses (tunnelling losses) increase significantly with the
propagation mode number. Moreover, the modal dispersion
can cause multiple phase matching conditions. From
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Figure 2. Microscopic image of a periodically polarized lithium niobate
crystal showing the inversion domains of the polarization 2D
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Characterization results are presented in figures 3((a) in
Bulk, (b) in waveguide) using a pump power at 1064 nm
with repetition rate equal to 10 Hz.
Experimental results show that the RLV appear by
increasing the temperature. Figure 3 shows the RLV results
of G10, G11 and G-11 at 80° in Bulk and 60° in waveguide.
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Figure 3. Far-field SHG images observed in PPLN 2D, (a) for the bulk
configuration and (b) wavelength.
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CONCLUSION

In this paper we reported the study of second harmonic
generation in waveguide and Bulk 2D.
We presented the experimental results of the
characterization of PPLN 2D in Bulk and waveguide at
different temperature.
In future work, we will experimentally investigate the
influence of different parameters as effective refractive
indices, modal dispersion, and overlap integration to
generate SHG in waveguide.
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