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Abstract

In this work, an expermental study on wavelength tunning for diode laser adopting

temperature  behavior varition process is carried out .Temperature effect on the
characteristics of a stripe Double Heterostructure CW (GaAlAs) diode laser is shown .
For the purpose of optimum operation a collection of important information has been
extracted regarding threshold current and senstivity of the laser diode as a function of
temperature. It was found that the increasing in temperature (10-40)°C resulting in an
increasing in the values of forward current and the output power of the laser diode. the
threshould current shows a drop in the valug(48-61)mA, and increase in the differential
or slope efficienecy (0.1-0.25)mW/mA.
Keywords: laser diode, GaAlAs structure |-V characteristic, (TEC)cooler

-

a5 J3all Jas Ao 3l ad) dg e il
Ladal)

Al e Talaie) ol U s sall Johall aati o Zan jad 0 Gy pal ¢ Jaall 138 B s n
G Al s g Al S Gadd Al dagall Glalaall (0 de e @l 300 5 53 ad) Aapn e
3305 i(10-40)C% sl da 3535 o 2aas Cum L JiaY) Jill (a5 ) jall As Al AaS 50
Lag 35 ((TEC) ooV omll b s BlA (e )oalll Az )8l 5 5085 ala¥) i) o8 4
d 1all 3¢ & - a3l ) (61 48)rnA 4 Sl ) I 48 - § Oba 8
. (0.1-.25) mW/mA . Differential or slope efficiency

1.Introduction Almost any laser can be made to
The laser is a directed, high generate an output that is unstable in
brightness, coherent source of light was
dream come true at its first
demonstration in  1960. A major new time by optical feedback of part of the

research  fidd in  physics and output light back into the laser cavity.
engineering-  the  devdopment  of Semiconductor laser, as a subset of all
different types of lasers, aiming to cover lasers, represent a category in which a
that part of the dectromagnetic radiation very broad range of the  possible
spectrum that can be called “light”. dynamic and spectral outputs obtainable

As laser physics and engineering from lasers can be achieved — from the
grew, so did the knowledge that real chaotic to the narrow - linewidth,

lasers have outputs that are dynamically single- frequency [3].

and spectrally diverse. The dynamics Laser diodes are the most widey

refer to output power variations in time used lasr ever devised. They are
and etge §E:jctrum means ]Ehe time- normally pumped directly with an
averged,opl -requency- injection current. Laser diodes are used
spectrum[1,2].

in such everyday items as CD players
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and laser printers and are finding a host
of new applications  ranging from
medical imaging to environmental
sensing. The semiconductor laser is also
the source which drives optical fibre
communicationg[4,5].

The main objective of this work was
to devdop and experimentally in vest
gate new types of widdy tunable laser
diodes which have a number of potential
advantages over the existing concepts ;
high output powers ,simple fabrication ,
better stability or simple tuning[6] .

2.Experimental Design
1. The experimental work

The setup and performances of the

characteristics for the laser diode have
been examined experimentally under
various conditions as shown in Fig (1).
In this work we used the semiconductor
laser type( Sharps LTO 22MC-MD — MF
). Sharp laser diode is designed to assure
the long life and high reiability of these
devices . A 790 nm , 5 mW laser diode
with single longitudinal mode (SLM) ,
low threshold current 50 mA . Sharp
laser diode use a Gallium Aluminum
Arsenide  (AlGaAs) double hetero
junction was Shown in Fig (2) . Optical
and dectrical characteristics of the laser
diodeis listed in the table (1).

The main characteristics of the
laser diodes were measured This
included measuring the optical power as
a function of drive current , the beam
divergence angles , and the emission
spectrum .The laser driver controlled the
laser's driver current and temperature .
Both the threshold current and the slope
efficiency of the laser depend on the
temperature. The measured also exhibit
bending caused by the heating of the
active region. Fig (3)shows the
measurement setup . In the divergence
angle measurements in Fig (4), the laser
lay on the rotation stage driven by a
micrometer screw .The optical power
meter was set behind a 1-mm wide dlit
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and positioned at a distance of 1.5 cm
from the laser . The experimental for
emission spectrum is presented in Fig
(5). The laser is operating in C.W. mode
before reforming measurements. It is
necessary to get precise calculations
about ray path of the laser . To do this
the monochromator ~ should optically
matches the optical setup . In other
words, its highly recommended that the
laser ray enter through the narrow dlit
(3mm), reflect by mirrors and then pass
through the grating (Transmission
grating ) and finaly receved by the
detector. Otherwise the laser would be
lost through the system.
3.Results and Discussion

The optical output power —forward
current of laser diode is measured by
supplying current in the forward direction
of the laser diode and detecting the
generated laser light with light receiving
dement that has large receiving port
diameter. Laser diodes are classified into
DC (CW) drive and pulse types,
depending on their driver circuits. The
light receving édements in general use
silicon PIN diodes. For high accuracy
spectrum measurement, therefore, the
temperature of the laser diode must be
controlled by marinating it constant, than
variety the value of injection current from
"zero" and take the value of optical power
corresponding the injected current, this
measurement  for different temperature
from (10 ~ 40) C° and display the
temperature effected on characteristics
curve.

Fig (6) represents the variation of
optical output power, it is a function of
injected current at different temperature.
This curves view as forward current
though the diode is increased, there is a
sudden increase in laser output power,
indicating laser action, at a threshold
current in the range of (48 -61) mA, as
the forward current is increased above
threshold, the laser output power
increases sharply.
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Both the threshold current and
slope efficiency of the laser diode change
on the temperature. The rounding off of
the characteristic line is the result of
spontaneous emission in Fig (6). It isthe
cause for the oscillation of several modes
next to the threshold also, at higher
current the mode spectrum becomes more
and more clean. Fig (7) represents the
relation between Ln threshold current
with temperature, by this it can
determined the laser sensitivity as
temperature ( To =106 °C) .

Differential efficiency nD): The mean value
of the incremental charge in laser power
output for an incremental charge in forward
current.

A large sloping efficiency causes the optical
output, current characteristic curve to
become steeper which reduces the
separation between the rated oscillation
initial current and the rated operating
current as show in Fig (8).

For a lower efficiency, the curve
become gentler causing a larger separation
between initial and operation currents
necessitating a larger operating current for
the rated optical output.

Laser diode with intensity profiles
following a Gauss curve and a beam profile
which is only limited by diffraction are
caled Diffraction Limited Laser. As
Fig(9) show the intensity distribution in
perpendicular  junction at  constant
temperature (T=25 °C) with
power(3.6mW), the figure illustrated the
intensity uniform Gausses distribution and
increasing with different power . The same
figure are show for the paralld junction in
Fig(10) from this fig ,the intensity
distribution is non-uniform for (T=25°C)
,P(3.6mW).

This result from the photo emitted by
stimulated emission will be increase, so
the gain and power emitting will be
increase too [7]. But in perpendicular
angle in Fig (11) and paralld angle in
Fig (12) with different temperature at
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constant power ,from these figures the
intensity are Gausses distribution. Also
display the intensity reduce with
temperature increasing and this caused
by internal and external loss increasing at
active region when temperature increases
,carrier  leakage and nonradiative
recombination at defects in the active
layer [8]. The active layer is made
sufficiently thin that the laser operates in
its fundamental transverse mode with
linear polarization paralld to the active
layer. Because the thickness of the active
layer is so small, diffractive effects are
significant.

4.Conclusions

The threshold current increases with the
increasing of  temperature while the
differential efficiency reduces as the
temperature in weaves.
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Table (1) The optical and eectrical characteristic of the laser diode[1].
Tc=25°C

Ratings

Parameter Condition I TYP. | MAX.

Wavelength Po = 3mW 780 | 790

Threshold Current 50 80

Operating Current Po = 3mW 65

Operating Voltage Po = 3mW

Radiation Paralld
characteristics

Angle Perpendicular

Po =3mW

Po=3mwW
Differential efficiency 2mW/1 (3mW)-
I (ImW)

Po = 3mW
VR=15V

Monitor Current

Absolute M aximum Ratings

Parameter

Optical power output
Operating temperature
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