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is found that the increase in Purcell factor value leads to increase in
photon number and decrease the carrier number in all quantum states.
Also, the dynamic of photon number (S) tends to stable at constant value
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FeedBack, Purcell Effect,

Spontaneous Emission with the increase of Purcell effect i.e. there is small variation in photon

Factor, and Rate Quation number and carrier number(N;, N,, N;). The decreases in enhanced

Model spontaneous emission factor value leads to increases in carrier number
and decreases the photon number and we note small variation in these
values.

Introduction:

Semiconductor lasers are solid state lasers that depend on the transitions between
conduction band and Valence band to produce a photon in active region in contrast, quantum
cascade lasers (QCLs) are a semiconductor lasers produce a photon in active region via the
inter sub band transitions in conduction band only. Also, since the active region in (QCLs)
consists of several parts, each electron produces a photon in each region. The most important
properties that resulting from the optimum design are low losses and high injection efficiency.
Also, the carrier and photon number depend on gain stages number. The inter sub band
transition between the energy levels in conduction band is the only process in conduction
band that leads to emission of light. The photon lifetime and energy are a function of the QW
width and not dependent on the material energy gap. QCLs are the main devices in several
important applications in the optical communications system, medical purposes, imaging
systems, remote sensing, biological sciences, astrophysics sciences and space communications
[1,2]. Since 1994, QCLs have been improved to get optimum values for static and dynamic
properties such increasing lasing wavelength and output power, decreasing the threshold
current and operating temperature [3,4]. In nano-cavity, the high quality factor and small
volume lead to enhance the mode density and spontaneous emission rate because of Purcell

effect [2]. It is well-known that the level lifetime depends on the Purcell coefficient value
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where the high value leads to a small carrier lifetime or small level lifetime. Also, high value
Purcell coefficient leads to decrease the carrier number and increase the photon number, both
the static and dynamic properties of nano-laser depend on Purcell coefficient F and
spontaneous emission factor § where the high value of both factors leads to desirable
properties of semiconductor laser and semiconductor amplifier such as two photon
absorption (TPA), cross gain modulation (XGM) and four-wave mixing (FWM). In chaotic
secure communications, the semiconductor lasers has considerably sensitive to instabilities
that resulting from external input power and using as a chaotic source for information
security. There are many configuration systems that using to produce the chaotic output such
as the optical injection from an external laser and optical feedback from an external mirror
and the optoelectronic feedback [5,6]. The rapid development of communication systems
needs new energy sources with unique characteristics that differ from those found in
previously known lasers such as the small integral size and optimum dynamic and static
properties. This paper presents a theoretical study of the effect of both the Purcell factor and
the spontaneous emission factor on the dynamic of nano quantum cascade laser in the
presence of optoelectronic feedback. We organize this research as follows, the second section
presents a form of average equations. The third section presents the results and discussion.
Finally, the last section presents the conclusions.

Rate Equations Model:
Figure 1 shows a schematic diagram of optoelectronic feedback in a NQCL.

Fig. 1 Schematic diagram of optoelectronic feedback in NQCL .

Fig. 1 shows the optical path (dashed line) and the electronic path (solid lines). The emitted
light from a NQCL is detected by photodetector (PD) and the detected photocurrent is fed back
through a bias Tee circuit. To study the dynamic of nano quantum cascade laser, the rate
equations model must be modified to include Purcell factor F and spontaneous emission
factor . The equations for carrier number in states 1,2 and 3 and the equation of photon
number are given by [10].
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Where q is the fundamental charge Ni where i=3,2 and 1 represents the carrier number in
each state. 1 is the injection current efficiency, Ii is the bias current, {S(t — 7) is the feedback
signals, 7 is the delay time, G is the gain factor, S,¢ is a constant, the transition times of
carrier between levels are T3, T3, and Ty, Ty, is the lifetime of photon, T,y is tunnelling time
of carrier, Z is the active region parts number, { is the feedback coefficient laser circuit and S;
is the steady-state value for the photon number. Finally, g, is the spontaneous emission
lifetime in free space.

Results and Discussions:

The principal goal in the present study is to investigate the effect of the parameters of
nano quantum cascade lasers, namely Purcell factor F and the spontaneous emission factor 3
on the dynamic of negative optoelectronic feedback. The present simulation is done by using
the values of parameters listed in table I.

Table I: The parameters values in present simulation [7-10].

Symbol Value Unit
n 0.4
B 1
N 40
F 17
[ 1 mA
G 1.2x105 sl
Tsp 7 Ns
Ty 0.36 Ps
T3 2.1 Ps
T31 2.6 Ps
Ty1 0.5 Ps
Tout 0.5 Ps

Figure 2 shows the results of negative optoelectronic feedback in nano quantum cascade
laser with delay time equal to 4.67 ns. In the figure, phase portrait and chaotic temporal
waveforms of carrier number and photon number. Since the injection current value is small
and also the photon lifetime, therefore one can find that the small values of both carrier and
photon number are expected . As shown in same the dynamic of photon number has changed
after the delay time and the chaotic behaviour is very clear in the present simulation. Figures
3 and 4 shows the phase portrait and chaotic temporal waveforms of carrier number and
photon number of NQCL with F=20 and F=25 respectively.

50



3

1952 . = . . 915 T T
- " =
21951 o 991
=] i | o
- et i S 0005
251950 o ! Ui ! f ] l =z -
2194 ‘ 2 9
o 59895 1 1 1 1
19480 2 4 6 10 0 2 4 6 8 10
Time(ng Time(ng
{a) 3]
::’:\992 T T T T T T
2 91}
=
=
5 990¢
)

485 1949 19495 1950 19505 1951 19515 1952
Photon Number

(c)

Fig.2 chaotic temporal waveforms of photon number and carrier number and Phase portrait of
NQCL with F=15 and t© = 4.67 ns.
a Show the relationship between photon number and time at F=15.
b Show the relationship between carrier number in level three and time at F=15.
¢ Show the relationship between carrier number in level three and photon number at F=15.
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Fig.3. chaotic temporal waveforms of photon number and carrier number and Phase portrait of
NQCL with F=20 and t = 4.67 ns.

a Show the relationship between photon number and time at F=20.

b Show the relationship between carrier number in level three and time at F=20.

¢ Show the relationship between carrier number in level three and photon number at F=20.
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As we shown in figures, the increase in purcell effect leads to increase in photon number
and decrease the carrier number i.e. increase of the output power. Also, the dynamic of
photon number tends to periodic behavior with the increase of purcell effect. This results
coming in good agreement with other references.
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Fig.4 chaotic temporal waveforms of photon number and carrier number and Phase portrait of
NQCL with F=25 and t = 4.67 ns

a Show the relationship between photon number and time at F=25.

b Show the relationship between carrier number in level three and time at F=25.

¢ Show the relationship between carrier number in level three and photon number at F=25.

Figures 5 and 6 shows the phase portrait and chaotic temporal waveforms of carrier number
and photon number of NQCL with $=0.5 and 3 =0.1 respectively. As we shown in Figures, the
increase in the spontaneous emission factor leads to increase in carrier number and decrease
the photon number i.e. decrease of the output power. As we shown in Figures, the decrease in
the spontaneous emission factor leads to decrease the photon number and increase the
carrier number i.e. decrease of the output power. Also, the dynamic of photon value tends to
stable at constant value with the increase of Purcell effect i.e. there is small variation in
photon number and carrier number. As we know, the effects of decrease both the Purcell
effect and the spontaneous emission factor in the same time cause the increase the threshold
current where the small values of F and § means the increase carrier number in the upper
states i.e. decreased the radiative transition.
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Fig.5 chaotic temporal waveforms of photon number and carrier number and Phase portrait of
NQCL with =0.5 and t = 4.67 ns.
a Show the relationship between photon number and time at 3 =0.5.

b Show the relationship between carrier number in level three and time at  =0.5

¢ Show the relationship between carrier number in level three and photon number at 3 =0.5.
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Fig.6 chaotic temporal waveforms of photon number and carrier number and Phase portrait of
NQCL with =0.1 and t = 4.67 ns.

a Show the relationship between photon number and time at 3 =0.1.

b Show the relationship between carrier number in level three and time at § =0.1.

¢ Show the relationship between carrier number in level three and photon number at 3 =0.1.

Conclusions :

Negative optoelectronic feedback is investigated using Nano intersubband lasers. This
paper introduces a simple model to investigate the Negative optoelectronic feedback and the
impacts of F and 3 on the dynamic of negative optoelectronic feedback. It is found that the
increase in Purcell factor value leads to increase in photon number and decrease the carrier
number in all quantum states. Also, the dynamic of photon number tends to periodic
behaviour with the increase of Purcell effect. The decreases in enhanced spontaneous
emission factor value leads to increases in carrier number and decreases the photon number
in all quantum states. The increase in threshold current value is coming from the small values
of both F and f.
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