Experimental control of laser optical spikes via
direct current modulation
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Abstract

We study experimentally the symbolic dyna-
mics of a stochastic excitable optical system
with external periodic forcing. Specifically, we
consider a semiconductor laser with direct cu-
rrent modulation which operates in the low-
frequency fluctuations (LFFs) regime induced
by self time-delayed optical feedback.

In this regime the laser intensity displays sud-
den and apparently stochastic dropouts that re-
semble neuronal spikes. We analyze experimen-
tally recorded time-series of intensity dropouts
using a symbolic method that allows to un-
cover serial correlations in the dropout sequence
11, 2|. By converting the sequence of inter-
dropout intervals in a sequence of symbolic or-
dinal patterns [3|, we analyze the symbolic lan-
guage of the laser in a three-dimensional param-
eter space defined by the pump current dc value,
the modulation amplitude and the modulation
frequency. We aim at identifying clear tran-
sitions to an entrained dynamics that is con-
trolled by the external forcing.
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Experimental setup for 650nm laser (SONY

SLD1137VS). LD stands for laser diode, BS
for a (50/50) beamsplitter and OSC for oscil-
loscope. 7% threshold reduction. Time delay
~ JNS.
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Ordinal Analysis Method

The experimental sequences of inter-dropout intervals (IDIs) are analyzed by means of ordinal
analysis |3|, in which the IDI sequence is transformed into a sequence of ordinal patterns (OPs),
also referred to as words. Words of length D are defined by considering the relative length of D
consecutive 1DIs.

For D = 2 there are two OPs: AT; < AT; + 1 gives word 01 and AT; > AT; 1 gives word 10; for
D = 3 there are six OPs: AT; < AT; 11 < AT 5 gives

012, AT, o < AT;11 < AT; gives 210, etc.

The words are formed by consecutive nonsuperposing IDIs. Then, the probabilities of the different
words, and the probabilities of the transitions between words, are computed in each time series.
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Examples of words for D=2 and D=3 (left).Transition between the words "10" and "01" (right).
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Word probabilities and transition probabilities for D=2 (left) and word probabilities for D=3 (right),
for varying modulation frequency. The dc value of the pump current and the modulation amplitude
are 28.74mA and 11.50mA respectively.

Amplitud mod=0.23mA Amplitud mod=0.46mA Amplitud mod=0.69mA

Amplitud mod=0.92mA

0.55
0.55 29.8
0.54

0.54
I 0.53

- 10.52

0.54
- 10.53
- 10.54
- 10.52

| | 053 051
- 051

-1 0.53

- 0.5

L 0.5

0.51 f a I

10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
(a) Modulation Frequency (MHz) (b) Modulation Frequency (MHz) (C) Modulation Frequency (MHz) (d) Modulation Frequency (MHz)
Amplitud mod=0.46mA

| 0.24 99.8 0.24 29.8 i
0.24
0.23 0.22 J

! : 29.6
;':\ - 10.22
G
| | 1022 = 294
]
=
]
(&)
| | o 202
0.21 2
]
el
| I0.2 29[ ’
y 0.19 288

10 20 30 40 50 10 20 30 40 50
(e) Modulation Frequency (MHz) (f) Modulation Frequency (MHz)

0.52

0.49 0.49

0.52

0.48 288 | 0.48

Amplitud mod=0.23mA Amplitud mod=0.69mA Amplitud mod=0.92mA

- 10.2
- 10.2

- 1 0.18

0.16 29 |

291 0.16

0.14

98.8 0.14 28.8|

10 20 30 40 50 10 20 30 40 50
(g) Modulation Frequency (MHz) (h) Modulation Frequency (MHz)

Probability of the word “10” for D=2 (a-d) and probability of the word “210” for D=3 (e-h), varying
the pump current dc value and the modulation frequency, each frame is for a fixed modulation
amplitude.

Conclusions

We have presented a preliminar analysis of the symbolic dynamics of modulated LFFs and we have
detected clear transitions in the probabilities of the symbolic patterns which are induced either by
the variation of the modulation frequency or by the variation of the laser pump current (which
in turn varies the natural frequency of the optical spikes). These transitions could be related to
different locking regions.




