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Recent growing interest in miniature atomic frequency references and precision magnetometers has motivated
investigations of coherent population trapping (CPT) and its use in such applications [1]. System designs based on
picosecond mode-locked lasers have been previously reported for generating the CPT effect, using Ti:Sapphire lasers
passively mode-locked at a submultiple of the hyperfine splitting *'Rb levels [2], or laser diodes modulated
electrically [3] or with an external electro-optic modulator [4] at the *'Rb splitting frequency. In this work we
investigate a novel approach for achieving CPT in *'Rb vapour cells. We use a 795nm semiconductor laser passively
mode-locked [5] at the *'Rb standard frequency (6.834GHz). This approach eliminates the need for any RF driving
circuit, allowing a more compact, integrable and easy to drive implementation of CPT in *’Rb. For the purpose we
have fabricated 5.678mm long lasers with 3pm wide and 1.2pum deep ridge waveguides, with a 150um long saturable
absorber (SA) at one facet. The laser material used is a 793nm GaAs/Al,Ga,,As single quantum well (QW) graded-
index separate confinement heterostructure (GRINSCH), with an epitaxial design similar to the one reported in [6].

For these devices we measured a threshold current of ~90mA and a maximum output power of ~63mW
(I=220mA, Vspa=0V). Mode-locking operation occurs for gain currents higher than 160-170mA and SA voltages
between 0 and -2V, where an RF peak at around 6.85GHz is obtained. The gain current is kept not higher than
230mA and the SA reverse voltage not higher than -2V, to avoid damages to the laser facets or to the SA,
respectively. In this range the emission wavelength remains around 795nm at 20°C (an optical spectrum is in
Fig.1(a)) with temperature tenability of ~0.3nm/°C. The highest RF peak occurs at around /,=210mA and V54=-0.5V,
with a -3dB width of ~95kHz (shown in Fig.1(b)). For these biasing conditions also the narrowest pulses (~0.71ps)
are obtained with two-photon interferometric autocorrelation measurements [7]. The autocorrelation trace is reported
in Fig.1(c) and in the inset the full width half maximum value is measured. The peak power associated to the
narrowest pulses is about 10.3W (correspondent to an average power of SOmW).
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Fig. 1 (a) Optical spectrum for 7,=210mA and Vs,=-0.5V and (b) correspondent RF spectrum is in the inset. (c) Interferometric autocorrelation
trace recorded for /,=210mA and Vs,=-0.5V and a higher resolution trace in the inset.

The RF frequency increases with the gain current and decreases with the SA reverse bias, remaining between
6.84 and 6.852GHz in the biasing range considered. For [,=210mA, a temperature tuning rate of ~333kHz/°C has
also been measured. These results show that our 795nm passively mode-locked lasers are promising candidates as
compact and easy to drive sources to be used in experiments on CPT in *'Rb.

References

[1] J. Vanier “Atomic clocks based on coherent population trapping: a review”, Appl. Phys. B, Vol. 81, 421-442 (2005).

[2] L. Arissian, J. Diels, “Repetition rate spectroscopy of the dark line resonance in rubidium”, Optics Communications, Vol. 264, No.1, 169-173
(20006).

[3] N. Belcher, E.E. Mikhailov and I. Novikova, “Atomic clocks and coherent population trapping: Experiments for undergraduate laboratories”,
Am. J. Phys., Vol. 77, No. 11, 988-998 (2009).

[4] D. Jang-Liao, H. Hui-Juan, H. Zheng Feng, W. Yu-Zhu, “Temperature Dependence of Dark Lines in Coherent Population Trapping”, Chin.
Phys. Lett., Vol. 23, No. 7, 1745 (2003).

[5] K.A. Williams et al., “Long-wavelength monolithic mode-locked diode lasers”, New Journal of Physics, Vol. 6, 179 (2004).

[6] B.Qiu et al.,“Design and Fabrication of Low Beam Divergence and High Kink-Free Power Lasers”, IEEE JQE, Vol. 41, 1124-1130 (2005).

[7] F. R. Laughton, J. H. Marsh, D. A. Barrow, and E. L. Portnoi, “The Two-Photon Absorption Semiconductor Waveguide Autocorrelator”,
IEEE Journal of Quantum Electronics, Vol. 30, No. 3, 838-845 (1994).



