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Abstract

In this work, a semiconductor laser of 810nm wavelength and a nonlinear crystalline structure were used to
achieve the second harmonic generation. Adjusting the distance between laser diode and a diffraction grating
in order to control the output of laser can extend the laser cavity. The parameters such as grating tilt angle,
nonlinear medium tilt angle, its temperature, polarization angle and fundamental power and their effects on the
second harmonic generation were determined to study the nonlinear generation process. The maximum power
of the second harmonic obtained in this work was 112 nW in the violet region.
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1. Introduction

It might be real to say that no laser has
taken large area of interest and technological
research in the last two decades as
semiconductor lasers did. Many optical and
optoelectronic systems make use of these
compact lasers for too many applications,
such as bar-code scanners and optical data
storage. These lasers also have an effective

area in spectroscopy and molecular
transitions [1-6].
However, free-running  commercial

semiconductor lasers are not recommended
in high-precision spectroscopy since their
spectral characteristics do not meet
requirements of such field of research [7,8].
Therefore, it is difficult to study the atomic
and molecular spectral transitions practically
using these lasers neither tune smoothly
around same region. However, high-quality
wavelength-tunable semiconductor lasers
with narrow linewidth could be obtained and
used [9-11]. Usually, semiconductor lasers
have linewidth of 50 MHz for near infrared
(NIR) wavelengths and 7 MHz for visible
wavelengths.

The main parameter determining
wavelength of semiconductor lasers is the
band-gap of the semiconductor itself [12].
Laser wavelength has some dependence on
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semiconductor temperature and current
density of the diode [13-15]. Effect of
temperature appears primarily in the optical
path length of laser cavity and gain
characteristics of semiconductor [16-18].
Diode current affects diode temperature and
carrier density, hence changes refractive
index and output wavelength [19-21].
Typically, the behavior of wavelength with
temperature is discontinuous due to
transferring from a longitudinal mode to
another in the cavity [22]. This problem is
serious enough to exclude semiconductor
lasers from the high-precision spectroscopic
studies [23-25].

The limitation of SHG intensity by the
coherence length can be overcame by phase
matching process employing birefringent
crystals [26-28]. This matching process can
be satisfied either by varying the angular
direction of crystal or its position [29-32].
There are two other nonlinear phenomenon
can be achieved using the birefringent
crystals. They are frequency mixing and
parametric oscillation [33].

The first attempt of second harmonic
generation was carried out in 1961 with a
ruby laser beam (694 nm) using a quartz
crysta.  The wavelength  conversion
efficiency of this attempt was about (108) to
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the 347 nm wavelength [34]. Nonlinear
optics had been appeared as a result of the
invention of high intensity lasers.
Accordingly, second harmonic generation is
now an excellent method to convert
wavelengths those not had been obtained
from laser transitions known. Also, such
phenomenon admits to study and develop
nonlinear optics more [35].

2. Experimental Part

The laser system used in this work
contains two parts; semiconductor laser and
diffraction grating. A 810nm commercial
semiconductor laser was used in order to
simplify the alignment of laser and mount,
then collimating of laser system. The
position of collimating lens could be
adjusted easily by an adjusting screw. The
diffraction  grating manufactured by
Optometrics (UK) was mounted inside a
cylindrical holder with a certain angle. At
810 nm wavelength of semiconductor laser
used, the Littrow angle is being 22.5° and the
reflectivity into the first order is about 20%.

Figure (1) indicates the experimental set-
up of this work. The laser beam is focused
onto a 4 cm-long square crystalline sample
of gallium selenide (GaSe). The GaSe
sample can be tuned by angle and
temperature in order to achieve phase
matching which is in turn required for
efficient second harmonic generation.
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Fig. (1) The experimental set-up of this work

3. Results and Discussion

The conversion efficiency can be greatly
enhanced by resonant excitation inside an
optical cavity, which increases the average
optical intensity. This can also be done by
using pulsed instead of CW excitation,
which increase the peak intensity. However,
none of them will be tried here.
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The output power of the second harmonic
(P2w) can be calculated approximately as a
function to the incident power (Pw) as [29]:
sin”Q

o 1)

where A is a constant depending on

P

20

= APZ,

geometry and crystal, Qz%, | is length

of the nonlinear crystal, 4k is the phase
mismatch between the two waves, and the
term sin?Q/Q? represents the conversion
efficiency per unit length

This formula is valid if the depletion of
the fundamental beam is being neglected and
a plane wave is being used. Figure (2) shows
the power of second harmonic as a function
to the fundamental power. Experimentally,
some deviation of about 1% from the results
of the formula above would be observed due
to the divergence property of the focused
laser beam [36].
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Fig. (2) The power of second harmonic as a function to the
fundamental power

The laser can be tuned by adjusting angle
and distance between the laser and
diffraction grating. The set-up described
here for mirror mount can provide tuning of
5 nm. In order to reflect larger fraction of
light back into the laser cavity, the grating
must be selected to achieve such function.
Figure (3) shows the tuning range at 810 nm
as a function to grating angle.
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Fig. (3) The tuning range at 403 nm as a function to grating
angle

It is well known that the light incident on
a nonlinear medium at a frequency (w) and
the light generated due to nonlinear effect at
frequency (2w) pass the medium with
different speeds. Hence, they are not
necessarily in phase within the nonlinear
crystal and an interference effect results
within the crystal. The second harmonic
generation is then inefficient [29,37]. In
order to eliminate the interference effect, the
dispersion of the crystal material with the
temperature as well as polarization
dependence of the refractive index is being
offset. Due to propagation direction through
the crystal, the refractive index and velocity
of the extraordinary wave are varied. Thus
the refractive index of the crystal to the
ordinary wave of frequency (®) is half of
that extraordinary [29].

Most materials that are transparent in the
visible have a refractive index that decreases
with increasing wavelength and the
corresponding wavevector mismatch is
lower than zero. Therefore, it is impossible
to achieve efficient second harmonic
generation in these materials unless a way is
found to phase-match the interaction. In this
work, angle tuning of birefringent crystal is
a used to modify the refractive indices and
tune the phase matching.

In order to vary the temperature of
crystal, it is immersed in a fluid
characterized as an "index-matching™” in a
thermal jacket with a simple heater. Figure
(4) represents the relation of second
harmonic power to the crystal temperature.
The output beam is filtered to prevent the
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fundamental laser light and permit the
second harmonic generated (frequency-
doubled) light to transmit. The latter is in the
violet region (403-406 nm) of visible range
as the fundamental is red (806-812 nm). A
photomultiplier tube is used as a detector and
connected to a micrometer.
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Fig. (4) The relation of second harmonic power to the crystal
temperature

4. Conclusions

Regarding to results obtained in this
work, the second harmonic generation with
810 nm semiconductor laser and a GaSe
crystalline sample was achieved. The
nonlinear effect in the GaSe crystalline
medium resulting the second harmonic
generation was studied and introduced with
respect to some parameters to be so active on
such process. These parameters are grating
angle, GaSe sample angle, its temperature,
polarization angle and fundamental power.
The maximum second harmonic power
obtained at the optimum conditions was (112
nW) in the ultraviolet region (403-406 nm).
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