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External Feedback Effects on the Relative Intensity Noise
Characteristics of InAlGaN Blue Laser Diodes
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The external feedback effect on the relative intensity noise (RIN) characteristics of blue InAlGaN
laser diode has been analyzed taking into account the spontaneous emission noise and the injection
current for the high frequency modulation. A Langevin diffusion model was exploited to characterize
its relative intensity noise. The simulation parameters were quantitatively evaluated from the
optical gain properties of the InAlGaN multiple quantum well active regions by using the multiband
Hamiltonian for the strained wurtzite crystals. The extracted parameters were then applied to the
rate equations taking into account the external feedback and the high frequency modulation
current. The RIN characteristics were investigated to optimize the low frequency laser diode noise

characteristics.
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I. INTRODUCTION

InAlGaN blue laser diodes are important building
blocks for the next-generation optical data storage.
Their data access time and the operation speed are
limited in part by the noise of the laser diodes used
in the optical pick-up. In this paper an intensity noise
characteristic known as the relative intensity noise has
been analyzed for laser diodes having the wurtzite crystal
as the active region [1]. The effect of the external
feedback into the laser cavity from the reflection by the

It =Iy+1cos2af,t)

disc surface as shown in Figure 1 (a) has been investi-
gated using the rate equations [2].

The primary source of the intensity noise in the
semiconductor laser diode is the spontaneous emission
between the conduction and the valence bands in the
active regions. Such quantum noises have been modeled
after the quantum Langevin formalism [3]. The required
material parameters have also been extracted by using
the multiband Hamiltonian for strained wurtzite crystals
[4,5]. To show the validity of this method, the simulation
results were compared to the analytic solutions when

P- electrode

Transparent
Window
AlGaNGaN
Electron Blocking Layer
AlGainN
Cladding Layer
MQW SCH
Active Layer

E=600um

GaN
Substrate

N- electrode

(b)

FIG. 1. (a) Schematic diagram for laser diode cavity with external feedback. (b) Schematic diagram of the InAlGaN

MQW laser diode structure.
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the external feedback effect is ignored, there is good
agreement. The simulation results of the RIN taking the
external feedback effect into account for various feedback
strength shows that mere 0.1% external feedback would
deteriorate the RIN by more than 20 dB. One way to
reduce the external feedback effect is to modulate the
injection current to the laser cavity up to a certain high
frequency. The optimum current injection frequency for
the RIN characteristics has been investigated to reduce
the external feedback effect that is inevitable in DVD-
ROM or RW pick-up systems.

II. MODELING OF THE RELATIVE
INTENSITY NOISE

The blue laser diode under investigation has typical
InAlGaN MQW active structures as shown in Figure
1 (b). The quantum well regions are 3 nm Ing12GaggsN
and the barrier regions are IngpGaggesN. The SCH
regions are AlysGagslN and the cladding regions are N-
and P-doped Alp13Gaps7N sandwiched by GaN ohmic
contact layers [6,7]. Figure 2 (a) shows the energy band
diagram of the multiple quantum well (MQW) and the
electron blocking layer (EBL). The gain and spontaneous
emission spectra of the InAlGaN 2 QW LD are obtained
by numerical analysis of the Hamiltonian equations for
multiband strained wurtzite MQW structures [4,5]. Figure
2 (b) shows the calculated gain and spontaneous emission
spectra from the InAlGaN 2 quantum well structures
when the injection carrier density varies from 10" to
2x10"/cm® by the step of 2%10"%/cm’® (G.) and
1x10% /em® (Ry).

III. MODELING OF THE QUANTUM NOISE
DUE TO THE EXTERNAL FEEDBACK

The quantum noise due to the exdternal feedback
from the optical disc surface into the laser cavity is
modeled as shown in Figure 1 (a). F and R shown in
the figure denote the forward and reverse traveling
optical fields, 7oy, ¢dexs, lxw the reflection coefficient,
phase retardation, and the length of the external cavity,
respectively. The primary source of the intensity noise
in the semiconductor laser diode is the spontaneous
emission between the conduction and the valence bands
in the active regions. Such quantum noises have been
modeled after the quantum Langevin formalism [3] and
the required material parameters have been extracted
by using the multiband Hamiltonian as described earlier.
The relative intensity noise [RIN] of the laser diode is
defined as the ratio of the laser intensity noise §/(¢)
to the average laser power FPy(f), or
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FIG. 2. (a) Band diagram of MQW & EBL region. (b)
Calculated gain and spontaneous emission spectra of
InAlGaN MQW structures from the multiband Hamiltonian
equations for the strained wurtzite crystals. (Various carrier
injections in steps of 2x10"/cm” (G,,) and 1x10"/cm®
(£s)) ’
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The characteristics of the laser intensity noise can be
obtained by analyzing the rate equations

2wy =T oy Py 4 e

di q T,

2 P6) = (Gl0) =) Plt) + R+ 2 Py + Filt)

L6(0) = 2a(Glt) =)~ (w0 xdp + Ey(1) (2)
with

Py = VPt)P(t—7) cos [wrt+¢(t) —p{t—7)]

by = 1/% sin[wr+¢(t) —o(t—1)] (3)

where N denotes the carrier density, P, the photon
density, ¢, the instantaneous phase, F}, the Langevin
noise factors [8], x, the external feedback coefficient,
and 7, the round trip time for the external cavity,
respectively [9]. The other parameters follow conventional
notations. The Langevin noise functions show characteristic
behaviors as following:
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where the photon lifetime and the population inversion
factor are defined as:

1 1.1
—= Vg(ac+a,n) = Vg(ac-i- 7 lnﬁ)

1
n,,(w) = 1~ exp[(hw—E,,) /kyT) 9)

The optical gain in equation (2) can be expressed in
terms of differential gain as:

dG
NN auv—ny)

C=—TTep = 1ieP

where the internal cavity loss a, is 12 cm’, and the
cavity length Z is 600 pm. G is the differential gain,
and Vg, the transparency carrier concentration. The
gain suppression coefficient ¢ is 8<107. Figure 3 shows
typical device parameters for the 405 nm InAlGaN
MQW laser diodes such as the transition energy £,
the Fermi energy separation versus the injection carrier
concentration Fgg, the population inversion parameter g,
the transparency carrier concentration NV, the maximum
material gain Gpa, and the differential gain G
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FIG. 3. Device parameters for the InAlGaN MQW
laser diodes: the transition energy Er, the Fermi energy
separation Fs, versus the injection carrier concentration
NV, the population inversion parameter ng, the maximum
material gain, Gumax, the differential gain Gy, and the
transparency carrier density M.
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IV. SIMULATION RESULTS

In the time domain analysis, the Langevin noise
functions were implemented by random number generators
with amplitude proportional to the square root of the
diffusion coefficients. The simulation results of the carrier
[N] and photon density [P] fluctuation after turn-on are
shown in Figure 4 (a). The upper plots show the large
signal evolutions, and the lower plots show the enlarged
noisy fluctuations. Figure 4 (b) shows the Fourier trans-
formed spectra of the noise terms for various optical
output power levels of the laser diode. The numerically
obtained RIN spectra show a good agreement with the
analytic solutions as shown in dashed lines.
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FIG. 4. (a) Carrier and photon density fluctuation after
turn-on. (b) The Relative intensity noise (RIN) spectra.
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Figure 5 shows the numerical simulation results
of the RIN spectra when the external feedback is
non-negligible. Those spectra were also compared for
different material systems for the laser diodes. Figure
5 (a) shows those for 635 nm InAlGaP LD, and (b)
for 405 nm InAlGaN LD [11]. They both show similar
RIN characteristics. One can see that any external
feedback larger than 0.1% would deteriorate the RIN
by more than 20 dB.

One way to reduce the external feedback effect is to
modulate the injection current to the laser cavity up
to a certain high frequency [10]. Figure 6 shows the
dependence of the RIN characteristics on the current
injection frequency for 0.1% external feedback. It shows
that by optimizing the injection current levels and its
frequency, for example, around 640 MHz with a modu-
lation current level at 30 mA in this case, one can
reduce the external feedback effect, which is inevitable

-70
5)
=
2]
=
g
4
Frequency [MHz]
(a)
-70
.80 -
90t
-100 +
=)
T 110}
§ -120
E -130F
140 F
-150
-160,

107 : 107 10° ot
Frequency [MHz]
(b)

FIG. 5. (a) The RIN spectra of 635 nm InAlGaP LD
for various external feedbacks. (b) The RIN spectra of
405 nm InAlGaN LD for various external feedbacks.
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FIG. 6. (a) The RIN spectra with various modulation
frequency of the injection current. (b) The low-frequency
RIN spectra with various modulation frequency of the
injection current.

in the optical pick-up systems, by more than 15 dB/Hz.

V. CONCLUSIONS

In this work, the relative intensity noise characteristics
in 405 nm laser diodes grown on wurtzite InAlGaN
multiple quantum well structures were investigated
using the rate equations with the quantum Langevin
noise model. The device parameters were extracted
from the optical gain properties of the MQW active

region using the muitiband Hamiltonian for the strained
wurtzite crystal. The simulation result indicates that
the RIN can be reduced by more than 15 dB by
optimizing the device external feedback strength or
injection current modulation.
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