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Abstract:

Compact two-state laser self-mixing is demonstrated. A Doppler signal, originating from
the two-state interaction, yields the potential of high-velocity detection. Simulations veri-
fy the results and identify the quantum-dot-states carrier coupling as the relevant mecha-

nism for the Doppler signal generation.
OCIS codes: (140.5960) Semiconductor lasers; (280.4788) Optical sensing and sensors; (280.3340) Laser Doppler
velocimetry.

1. Introduction

Over the past years, single-mode semiconductor laser self-mixing interferometry (SMI) has established a wide range
of metrology applications including velocimetry (SMV) [1-2]. In SMI, the laser irradiates a remote target and a
small fraction of scattered coherent light re-enters the laser cavity causing a modulation of the laser field in the cavi-
ty both in frequency and amplitude, depending on the phase of the backscattered light. The SMI signal contains all
information about the target motion along the optical axis without ambiguity [3]. In order to access high target ve-
locities typically resulting in frequencies up to the GHz range, the need for fast and expensive detection systems
complicates substantially the SMV concepts. In this paper, we report on a novel approach to avoid these restrictions
by exploiting an additional Doppler signal generated by a single-chip two-mode quantum dot (QD) semiconductor
laser which emits continuous-wave (CW) ground-state (GS) and excited-state (ES) emission at Ags = 1245 nm and
Ags = 1175 nm, respectively. In addition to the expected two Doppler signals, originating from the GS and ES, a
third Doppler signal originates from the coupling of the QD states. This third Doppler signal can be described by a
synthetic wavelength Ay = AgsAgs/|Ags-Ags|. Besides a perfect beam overlap of GS and ES, the presented concept
bears the particularly attractive potential to access unprecedented high remote target velocities with a relatively low
experimental effort as compared to [4].

2. Experimental two-state SMV set-up

Stable CW two-state emission is realized with a 2 mm long
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synthetic-wavelength SMV with a dual-state QD laser.

3. Experimental and simulation results

The experimentally realized two-state emission is depicted in the optical spectrum shown in Fig. 2. A spectral QD
state separation of = 72.5 nm is indicated corresponding to A, = 21 um. The first indications of A, can already been
viewed in the measured time-domain SMV signal as shown in Fig. 3 where a clear beat envelope with a frequency
corresponding to A is observed. Besides its velocity, the target displacement can also be extracted from Fig. 3 by
fringe counting. The third doppler signal is evident after low-pass filtering the time trace (red plot in Fig. 3). The
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obtained frequency-domain SMV signal is depicted in Fig. 4 for a constant target velocity of 3 mm/s. A broad signa-
ture at a center frequency of fgsigs = 4.98 kHz with a -6dB-width of Afgs:gs = 860 Hz constitutes the overlapping of
GS and ES SMV signals. A considerably narrow peak at a center frequency f; = 295 Hz with a -6dB-width of only
Af; = 13 Hz is evident, clearly representing the beat frequency of A;. The target velocity is estimated to be v = 2.96
mmn/s resulting in a measurement error of A; of only 1.3 %.
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Fig. 2 Experiment: Simultaneous GS and ES emission at 16°C and a  Fig. 3 Experiment: Oscilloscope time trace (unidirectional target
gain injection current of 54.9 mA indicating stable two-state emission. ~ movement) displaying the interference signal and beat envelope corre-
sponding to As. Red line: low-pass filtered time signal.
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Fig. 4 Experiment: Radio-frequency trace (target velocity of 3 mm/s)  Fig. 5 Simulation: Time-trace. Red line: low-pass filtered time signal
indicating the narrow microwave Doppler beat signal originating from  corresponding to the experimental conditions depicted in Fig. 3.
Asas well as the Doppler signal fgs.gs of GS and ES.a

Fig. 5 depicts the simulation results based on [6]. Simulations explain the origin of the novel Doppler beat signal
(red trace in Fig. 5) based on the coupling of the GS and ES photons by means of the carrier relaxation and blocking.

4. Conclusion

We report a new two-state SMV concept by exploiting the unique advantages of a QD laser to obtain a third
Doppler signal with a synthetic wavelength of 21 um. In the RF domain, we verify this beat signal as a robust nar-
row peak with a frequency 17 times smaller than the single-mode SMI frequency and an -6 dB width of only 13 Hz
and explain its origin by means of simulations. These achievements demonstrate the first application of a compact
QD laser source exploiting the QD specific two-state emission.

Acknowledgements: The authors wish to acknowledge financial support from the EU FP7 program through the FAST-DOT project (contract
no. 224338). The excellent wafer has been grown by I. Krestnikov and D. Livshits (Innolume GmbH, Germany) and processing has been per-
formed by the team of M. Krakowski (Alcatel-Thales III-V Lab, France).

[1] S. Donati, Appl. Phys. 49(2), 495-497 (1978).

[2] G. Giuliani, M. Norgia, S. Donati, and T. Bosch, J. Opt. A: Pure Appl. Opt. 4, 283-294 (2002).

[3] S. Donati, G. Giuliani and S. Merlo, IEEE J. Quantum Electron. 31(1), 113-119 (1995).

[4] C.-H. Cheng, C.-W. Lee, T.-W. Lin, and F.-Y. Lin, Opt. Express 20(18), 20255-20265 (2012).

[5] L. Drzewietzki, G. A.P. The, M. Gioannini, S. Breuer, I. Montrosset, W. Elséfer, M. Hopkinson, and M. Krakowski, Opt. Commun. 283,
5092-5098 (2010).

[6] M. Gioannini, “Ground-state power quenching in two-state lasing quantum dot lasers ,” J. Appl. Phys. 111, 043108 (2012).



