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A laser device based on InGaAsN quantum well active regions emitting at 1.26
um is reported. The performances of the laser under the effect of thermal energy
are investigated in terms of threshold current, Iy, gain parameter, 4 photon en-
ergy, hv, and cavity length, L.. Four structures with one, two, and three quantum
wells along with a structure that have three quantum wells with tensile strained
barriers are proposed to study the relation between the peak gain, gpea, and pho-
ton energy. The founds show that structures with one and two quantum wells op-
erating at room temperature and under pulse wave condition, exhibit a linear de-
pendence of gpea ON both L. and photon energy. It is shown that the threshold
current density, Jy, increases at any temperature with the cavity length L. rang-
ing from 250 nm to 1000 nm. Also, the investigation of the proposed structures
shows that g, decreases with increasing temperature, while the ratio of the cur-
rent density parameter to internal efficiency, JJ/n;, per well increases with the
quantum well number. A comparison was carried out for two particular struc-
tures with three quantum wells and GaAsP barriers, the results show a decrease
in the threshold current per well.

Keywords: thermal energy, optical gain, threshold current density, quantum well,
semiconductor lasers

Introduction

The InGaAsN materials have attracted considerable interests and been under inten-
sive studies due to their potential daily life applications [1, 2]. The prior work on this class of
materials was reported more than 20 years ago by Kondow et al. [3] has led to large variety of
optoelectronic and photonic devices such as, diode lasers, filters, high electron mobility tran-
sistors and [4, 5].

The InGaAsN hydride system is composed of I11-V elements group, because the
bandgap energy is low; the structure has attracted many works for long wavelength laser di-
ode emitting around 1300 nm applications. The superb high electron confinement in GalnNAs
material systems has resulted in improved high-temperature performance. In addition, the use
of GalnNAs as an alternative material system [6-9] offers cost effective production on large-
scale GaAs substrates also medical and biomedical applications [10]. The initial results of the
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In GaAsN quantum well lasers (QW) were primarily obtained from materials grown by mo-
lecular beam epitaxy, however the progress in metal organic vapour phase epitaxy (MOCVD)
materials grown have resulted in state-of-the-art 1300 nm emitting InGaAsN QW lasers in the
past decades [11, 12]. The InGaAsN structure is grown on n* GaAs by MOCVD epitaxy.

The progress in highly strained InGaAsN QW lasers has also enabled the access of
1240 nm diode lasers without the need of nitrogen incorporation [13]. Advances in materials
fabrication techniques have allowed the growth of GalnNAs material system with high quality
by MOVPE.

The optical characteristics of GalnNAs/GaAs quantum well lasers in this reported
work are investigated. The experimental system that have been used in this study is capable of
measuring the light-current, optical gain and current-voltage characteristics of laser diodes
over a wide temperature range. Also, the lasing wavelength at room temperature can be meas-
ured and determined.

Experimental details

All structures were grown by IQELTD, which is a leading merchant supplier of
GaAs-based MQW edge emitting and vertical cavity laser wafers grown by metal-organic
vapour phase epitaxy (MOVPE). During the process of the experimental growth, the design
features for the reactor are low pressure (0.2 atmosphere) operation, high substrate rotating
rates and room temperature.

Further processing into oxide stripe laser devices was done by clean room facility at
Cardiff University. In the following a typical laser is presented where the details are given
with the appropriate experimental results.

In fig. 1 a typical stripe laser is shown. The waveguide core consists of
In(x)GaAs(y)N quantum well and a barrier with GaAs. The cladding layer made of
Al(x)GaAs which is p doped at upper and n doped at lower side of the barrier. A GaAs cap
layer is on the top of the p cladding layer and the buffer layer is on the bottom of the n-
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Figure 1. Typical structures for TQW and TQW + tensile strained barriers lasers
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cladding layer. The structure is grown onto a GaAs substrate, which is 300 um thick, before
processing the layer of n-contact metallisation. The substrate has to be thin by a thinning pro-
cess which reduces the thickness of the laser device structure to typically 100 um. The ohmic
contacts made to the device consist of AuGe-Ni-Au (n-metallisation) layer on the back and
Au-Zn layer (p-metallisation) on the top. Inside the laser device there is a 50um wide contact
stripe, which made of Au-Zn, is in between the area where the injection current is confined by
using the steps of this method.

It is also have been used that a process for cleaving the laser structures is used for
the reason to have a determine length and width of the laser device, the width is the same for
all used laser devices and not important as the length which can be different. The laser devices
are used as cleaved, i.e. the length of the laser device is the actual cavity length, the reflectivi-
ties that take place in the laser device is due to the interface between the semiconductor and
air, and there is no facet coating applied. The electromagnetic modes emit from both facets.
The oxide stripe technique was chosen as it is easy to process [1].

In order to understand the thermal energy effect of on the optoelectronic characteris-
tics of the proposed lasers under the variation of the quantum wells, we present four structures
with single, two and three quantum wells and the fourth one with tensile strained barriers.

The SQW structure

We start by considering a structure with an active region consists of a single quan-
tum well, which is composed of In(x)GaAs(y)N layer is typically 6.4 nm thick, and barriers
consisting of 20 nm thick GaAs layers placed in each side of the quantum well. The cladding
layers in this structure are of 1.2 um thick Al(x)GaAs for each of them, which are doped with
p and n that placed in the upper side and lower side of the barriers, respectively. The cap layer
and the buffer layer are formed and used to decrease the contact resistance their thicknesses
are 0.2 um and 0.5 um, respectively. The layers of SQW structure are provided in [14].

The DQW structure

This structure consists of an active region with a double quantum well, which is composed
of a 6.4 nm thick In(x)GaAs(y)N layer each, and barriers formed of a 20 nm thick GaAs layers
placed in between and in each side of the two quantum wells. The cladding layers in this structure are
of 1.2 um thick Al(x)GaAs for each of them, which are doped with p and n that placed in the upper
side and lower side of the outer barriers, respectively. The cap and the buffer layers in this structure
are as the same properties as SQW structure. The details of DQW structure are reported in [14].

The TQW structure

In this structure the active region consists of three quantum wells, which are com-
posed of In(x)GaAs(y)N layers with 6.4 nm thicknesses, and GaAs barriers with a thickness of
20 nm. The GaAs layers are placed in between the three quantum wells and in each side of the
two outer quantum wells. The cladding layers in this structure are of 1.2 um thick Al(x)GaAs
for each of them, which are doped with p and n that placed in the upper side and lower side of
the outer barriers respectively. The cap and the buffer layers in this structure are as the same
properties as SQW structure. The structural parameters of TQW structure are provided in [14].

The TQW + tensile strained barriers structure

This structure consists of an active region with triple quantum wells, which are made
of In(x)GaAs(y)N layers of 6.4 nm thick. The barriers consist of GaAs layers and are 7 nm
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thick, placed in each side of the three quantum wells. In addition barriers of GaAs(x)P layers of
8 nm and 12 nm thick, are placed in between the inner and the outer side of the GaAs barriers,
respectively. Another barrier of GaAs layers, which consists of a 35 nm thick, is placed at the
outer side of GaAs(x)P barriers. The cladding layers in this structure are Al(x)GaAs of 1.2 um
thick, which are doped with p and n that placed in the upper side and lower side of the barriers,
respectively. The cap and the buffer layers in this structure are as the same properties as SQW
structure. The details of layers of TQW + tensile strained barriers structure are provided in [14].

Results and dissection

First, begin by investigating the effect of thermal energy on the light-current charac-
teristic for the SQW structure with one single QW, a cavity length of 436 pum. The can be
done by varying the temperature from 160 K to 400 K, the result is illustrated in fig. 2. From
this figure, the output light remains constant equal zero below certain values of the current
until the lasing point is reached then it increases rapidly with current. The critical value corre-
sponds to the threshold current, which can be found by drawing a straight line to the data of
light-current characteristics. The interception of this line with the current axis defines the
threshold current Iy,

Extensive works on temperature effects and current injection efficiency reported in
[15] have demonstrated the importance of carrier leakage via thermionic carrier escape pro-
cess in InGaAsN QW lasers [16].

Next, evaluate the threshold current density which is defined as:

Ith
o= oy
where A is the product of the device length L. and the oxide stripe width w, which is 50 pm,
assuming that no correction has been made for current spreading. The light-current (L-1) char-
acteristic curves are used to evaluate the threshold current densities for the used device lasers,
which were illustrated in fig. 2, can be evaluated using eq. (1). In fig. 3, the threshold current
density with temperature for different cavity lengths is illustrated.
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Figure 2. lllustration of light-current characteristic Figure 3. Threshold current densities as
curves for SQW structure using a laser device with a function of temperature for
436 pm cavity length for temperatures from SQW structure for different cavity lengths

170 K up to 370 K.

It is shown from this figure that Jy, increases almost linearly with the temperature, T,
in the range 150-300 K, for T > 300 K, the current density increases exponentially this is due
the escaping of carriers from the quantum well to both the barriers and the cladding layers.
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Also, and Jy, increases as the cavity length decreases. This behaviour usually attributed to the
increase of mirror losses per unit length as the device length became shorter.

Now the focus on the TQW + tensile strained barriers structure is taken place, the
active region is same as TQW structure, while additional barriers are deposited, the current
density |y, is performed and reported in fig. 4. From this figure, it is noticed that the threshold
current density flattens showing a slow variation with temperature, especially for T < 240 K,
while it increases almost linearly when temperature varies from 250 K to 400 K. Also, Jg
shows presents same trend when the cavity length is L, = 436 um, 612 um, and 732 um. This
trend shows high temperature insensitivity in this structure as compared to the one that does
not contain strained barriers due to the high electron confinement in structure with strained
barriers.

In order to determine the gain parameter g, the logarithm for threshold current densi-
ty is evaluated and given in:

iR" |1 [ « NJ,
ln(Jth):{NFWgt}E—i_{NFng +ln(7i]—l} 2

where R is the mirror reflectivity, «; — the internal loss per unit length, L — the cavity length,

I, — the optical confinement factor per well, N — the number of wells, n; — the inefficiency of

the active region, and (g, Jy) are a reference point which can be determined from the line pass
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Figure 4. Threshold current densities as a Figure 5. Plot of the logarithm for the threshold
function of temperature for TQW + tensile current density In(Jy,) against reciprocal cavity
strained barriers structure at different length L' at temperature 300 K for
cavity lengths SQW structure

In fig. 5, the illustration of In(Jy) vs. L' for a SQW structure at temperature of 300
K is shown. The plot of In(Jy) is linear, where the evaluation of the slope of this curve to
determine to find the parameter g,,. Figure 6 shows the variation of In(Jy,) vs. L' for SQW,
DOQW, TQW, and TQWH+ tensile strained barrier structures, the gain parameter for all struc-
tures are calculated and reported in tab. 1.

Table 1. Summary of gain parameter per well at temperatures of
300 K and 200 K for different device structures

Device structure g, per well [cm 1] [300 K] | g per well [cm '] [200 K]
SQW structure 1569 2115
DQW structure 1742 2102
TQW structure 2177 1821
TQW + tensile strained barriers structure 1406 2145
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Figure 6. Plot of In(J;,) against ;' at temperature Figure 7. Lasing spectrum for SQW
300 K for different laser structures; (o) for structure with cavity length of 732 um at
SQW structure, (o) for DQW structure, room temperature and with a driving current
(V) for TQW structure, and of 1.1 times the threshold current

(A) for TQW + tensile strained barriers structure

From tab. 1 the final results of the gain parameter g, per well for different device
structures are listed. These results were calculated for SQW, DQW, TQW, and TQW+ tensile
strained barriers structures at temperature of 200 K and 300 K. From these results one can say
that g, per well at any temperature for all structures are nearly the same within error, this
means that it is independent on the well number of the structure at any temperature because g;
has been evaluated per well so all wells have the same properties such as the well width.

Next, the spectral output power against wavelength for SQW structure with cavity
length of 732 um and DQW structure with cavity length of 495 um are is illustrated in fig. 7
and fig. 8.

7107 O——04, = 1261 nm) i 2500 9 50 ruct o
=rEn - 3 s
6-10% 8 Tomw s Teh ovuctcn
2000
510™
g — 1500 4
= 410 ;
: 5
e 4 = 4000
210” i v
v
_ 500 v
110° {
0 et L 0
1240 1250 1260 1270 ; () 1280 0.94 0.96 0.08 1.00 py ey 1.02
Figure 8. Lasing spectrum for DQW structure Figure 9. Plot of the peak gain per well against
with cavity length of 495 um at room temperature photon energy for different laser structures at
and with a driving current of 1.1 times room temperature; (o) for SQW structure,
the threshold current (o) for DQW structure, (V) for TQW structure,

and (A) for TQW + tensile strained
barriers structure

These plots are measured at room temperature with a driving current above thresh-
old by 10% of the threshold current. From these figures, the lasing wavelengths are evaluated
to be 1251 nm and 1261 nm, respectively.

In order to understand the influence of the photon energy on lasing wavelengths in
each structure, we evaluate the peak gain, which is defined as the gpeac per well. Figure 9
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shows that gy, increases with increasing hv, also, the increase of gy, with the decrease of
N means that one quantum well needs higher g, as compared to two quantum wells because
Opeak IS distributed on the two wells leaving a lower value of gpea for each well. The reason for
the increase of hv with gy, is that the value of the separation for the quasi-Fermi level, AE;,
determines gy, and the increase in AE; results in an increase in hv. The increasing of AE;
will enhance the gain to be expanded over a photon energy range and that absolutely will
cause an increase in g -

Conclusion

We have reported the study of thermal energy on laser device structures based on
various quantum well numbers, four particular structures with one, two, three quantum wells
and three quantum wells + tensile strained barriers are proposed. The threshold current, the
gain and the lasing wavelength of the laser are investigated in details under the influence of
thermal energy. It is shown that the threshold current increases dramatically with the cavity
length for a wide range of temperature. It is also found that the threshold current increases
with the quantum wells number. Temperature insensitivity is higher in structure that contains
strained barriers. The peak gain per well increases with increasing phton energy. It is also
increase with the decrease of quantum well number means that structures with lower quantum
wells needs higher peak gain per well as compared to structures with lower quantum wells
where the peak gain is distributed on the high number of wells leaving a lower value of peak
gain for each well.
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