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Abstract—We report measurements of switch-on dynamics,
mode competition and frequency selection in a monolithic
frequency-tuneable laser using coherent time-domain sampling
of the laser emission. We obser ve hopping between lasing modes
on picosecond-timescales and temporal evolution of transient
multi-mode emission into steady-state single mode emission.

Keywords—laser dynamics, semiconductor lasers, terahertz,
guantum cascade lasers, ultrafast

|l. INTRODUCTION

range of frequencies by applying a perturbation to the
refractive index in one or more cavities.

Although single-mode emission and frequency tuning
characteristics of diode lasers in the steady-state are well
established, a study of the ultrafast switch-on, enod
competition and frequency selection dynamics are
technologically challenging due to the lack of ultrafast
coherent detection techniques. Here we have exploited phase-
resolved sampling of electric field emitted using terahertz
frequency time domain spectroscopy[2] to study ultrafast

Frequency tuneable semiconductor lasers form th&witch-on dynamics in a frequency tuneable quantum cascade
backbone of modern communication systems. These lasdaser (QCL)[3] [[Fig._1]. We have measured temporal
comprise of multiple cavity sections that are monolithicallyevolution of transient multi-mode emission into a single-mode
integrated on a single substrate and exploit the Verniggmission over picosecond and nanosecond timescales[4]. We
frequency selection rules for frequency tuning, without thealso observe a systematic variation of the laser switch-on time
need for external optics. The cavity sections are designetb a function of Vernier alignment. The device operation was
using burst or chirped gratings, or exploiting etalon effects isimulated using transfer matrices, reduced rate equations and
a Fabry-Pérot resonator to form two combs of longitudinala full SchrodingerPoisson energy balance rate equation
frequencies. The combs are carefully selected such that theyodel[S]. The changes in laser stabilisation time, calculated
are coincident at a single frequency. In such a laser, emissifi®om the model, are in agreement with the variations in the
is selectively favoured at the coincident frequency due to &witch-on delay observed experimentally.
reduction in the mirror losses and lasing threshold[1].

Additionally, the emission frequency is tuned over a wide
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Fig. 1 Schematic diagram of the experimental setupupled-cavity terahertz QCL with an active laserisecind a passive tuner section was usec
the experiments. The active laser section was driveveathreshold, whereas the tuner section was driveubathreshold currents and was used to tu
the emission frequency of the coupled-cavity QCL. Feattond laser pulses were generated using a Ti:Safgferehat was split to form a pump ar
a probe beam. A fraction of this ultrashort pulse pomas also used to trigger a radio frequency sourgerterate a train of gain switching pulses tt
were mixed with a quasle source using a diplexer. Tlle amplitude was maintained at just below the lasing tiotdstuch that the QCL was driver
above threshold by the radio frequency controlldd-gaitching pulses. This arrangement allowed a synchatiaisof the QCL switching-on with the
femtosecond laser pulses. Another quitspulse generator was synchronised with the ficsource and was used to drive the tuning caVite pump
beam was focused onto a photoconductive antenna to gehesadband terahertz pulses, which were injeatedihe QCL cavity to seed the emissio
The terahertz field emitted from the facet of tharigrsection was measured using an electro-optic crygtakie time-delayed probe beam.
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Fig. 2 (a) The electric field measured from the atifacet of the tuning cavity, when the lasing tais driven using quasie pulses of amplitude 0.65
and the tuning cavity is switched off. Inset: Elecfield at ~500 ps and 1500 ns. (b) Spectrogramwitypdynamic variation of the emission frequenci
obtained from fast Fourier transforms of the time-dionelectric field using a moving time window of widt50ps (c) Emission spectra calculated fror
fast Fourier transform of the time-domain electritdfiesing a460-ps-wide time window beginning at 400 ps (blue) and@ 8 (red).

Il. RESULTS The QCL emission was also recorded while the current

A 48lmmiong terahertz QCL with a bourd- 2@mplitude of the tuning cavity was increased fror B [Fig. ]

continuum active region[6] was used in the experimentQ'The switch-on delay was observed to increase as the tuning

Focussed ion beam milling was used to farfi43mmilong  current was increased in the rangd @ A, corresponding to
tuning cavity and a 1.38wmlong lasing cavity, which were @ Progressive misalignment of the frequency combs and an
separated by &3-um-wide air gap. Initially, the steady-state INCrease in the effective mirror losses at 2.825 THz. However,
frequency tuning characteristics were measured using € _Switch-on delay decreased after the mode-hop from
Fourier transform infrared spectrometer as the currerft-82° THZ 10 2.765 THz attuning currents >A.6

supplied to the tuning cavity wasreased in the range 0-2 A

: . . [Il. CONCLUSIONS
and the laser cavity was driven at peak output power with

quasi-dc amplitude 0.75.AA mode-hop from 2.825 to In this presentation, we will presentdlexperimental data
2.765 THz was observed at a tuning cavity current of ~1.65 Aogether with a mathematical model of the Vernier devices.
(not shown). We will also report the effect frequency tuning on stabilisation

) o time in a QCL with finite defect sites.
The temporal dynamics of the QCL emission were

characterised using the injection seeding technique, initially ACKNOWLEDGMENT
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amplitudes in the tuning cavity. The lasing cavitdiiwen using quasi-
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