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Abstract: We present a perturbative aperiodic distributed feedback grating embedded within a 
Fabry-Pérot cavity. Time domain modelling revealed electronic switching functionality, occurring 
only in the presence of facet reflections. The switching behaviour was experimentally verified. 
OCIS codes: (250.3140) Integrated optoelectronic circuits Optoelectronics; (230.0250) Optoelectronics 
 

1. Introduction 

Simulated annealing (SA) optimization algorithms, based on the discrete Fourier transform, are well known in 
diffraction optics for inverse design of computer generated holograms [1]. In this paper, we report an aperiodic 
distributed feedback (ADFB) cavity designed applying an SA algorithm (Fig. 1b) [2]. Unlike single-mode DFB 
lasers, the ADFB grating does not possess a regular or uniform periodicity in real space; instead it contains a 
multitude of phase-shifts with precise locations and sizes set in such a way that they operate collectively to provide a 
well-defined set of spatial frequency components, leading to three Bragg reflection bands centered around a 
frequency fB (Figs. 1c and d), where fB = c/2neffΛ (neff: effective refractive index, c: speed of light in vacuum, Λ: 
minimum grating element separation). In addition, the ADFB grating enables switching between reflection bands 
when integrated within a Fabry-Pérot (FP) laser cavity. To achieve this switching functionality (Fig. 1e) the 
individual reflections must not be too strong that frequency movement is hindered under varying laser-driving 
conditions, i.e. we desire only perturbative grating effect, with facet reflections remaining the primary source of 
feedback. Figures 1c and d illustrate the ADFB spectral complex reflection coefficient with varying arbitrary phase 
contributions. Lasing will occur only in the presence of unity net round-trip complex gain. The non-uniform 
longitudinal mode intensity within the FP-ADFB cavity produces non-linearity in the injected carrier distribution, 
which in turn gives rise to a non-uniform neff. Therefore, with changing driving conditions, the relative optical path 
length between the various sub-cavities (illustrated in Fig. 1a) will change, leading to a dynamic phase relationship 
between sub-cavities. This effect, when combined with the ADFB complex reflectivity, leads to a bias-sensitive 
FP-ADFB system. We note that if the facet reflections are absent (or the grating reflections are too strong), the 
FP-ADFB laser does not possess the dynamic phase response (or it becomes too weak) required for mode switching. 
Here we present simulation results of a switchable FP-ADFB laser obtained using a time domain model (TDM), and 
also an experimental demonstration. 

2. Methodology 

The TDM we used divides the device into many sections and then solves the time-dependent coupled-wave 
equations by using a split-step transfer matrix method. Essentially, the coupled-wave equations are split into two 
sets of matrices: one containing the detuning factors and time derivatives and the other containing the coupling 
coefficient terms. For each section and time step, the forward and reverse rate equations for the optical fields are 
solved and electron density is updated. The ex-facet output power of the device is recorded and Fourier-transformed 
to produce an output spectrum [3]. Constructing the ADFB grating within the TDM involves two stages as explained 
in Figs. 1f-h: the first is to consider only integral multiples of the pitch; the second is to introduce the necessary 
phase shifts into the structure. In the TDM of conventional quarter-wave phase-shifted DFB lasers, an extra phase 
shift exp(-jφ) is introduced using the phase-jump matrix [3], where φ = πl/Λ and l is the extra length of the pitch 
accounting for the additional phase delay. In our modified TDM program, multiple phase jumps are included by 
modifying this phase-jump matrix. The ADFB grating was focused ion beam milled [4] into a pre-characterized FP 
intersubband terahertz (THz) laser. In this way emission spectra could be recorded both with and without the grating 
in the same device, allowing its effect on the system to be clearly discerned. 

3. Results and Conclusions 

Figures 2a-d show TDM-simulated emission spectra of an FP-ADFB laser under varying electrical driving 
conditions, normalised with respect to fB. Switchable single-dominant-mode emission is possible originating from 
each of the three ADFB reflection bands, as schematically illustrated in Fig. 1e. When facet reflectivities are set to 
zero, neither single mode selectivity nor the switching behaviour are present under varying driving conditions, as 
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demonstrated in Figs. 2e-h. Figure 2i exhibits the measured low-resolution emission spectra of a FP THz laser 
indicating the existence of multiple modes across a normalised spectral width of ~0.044. Figures 2k-p show 
FP-ADFB spectra from the same device (powered as a single section, Fig. 2j) at increasing driving currents. Two 
different single-dominant-modes are possible, corresponding to the two modes marked in Figs. 2c and d. The low 
frequency mode is not seen due to the limited gain bandwidth and its position relative to fB. In conclusion, this is the 
first ever TDM of an ADFB laser demonstrating switching functionality. An extension of this device concept, 
showing digital tunability over six Bragg reflection bands, was also recently demonstrated [5]. 

This work was supported by EPSRC First Grant EP/G064504/1 and partly supported by HMGCC. 

Figure 2: (a)-(h) Simulated emission spectra for different 
electrical driving conditions of the FP-ADFB laser, 
powered as a single section; (a)-(d) with facet reflections, 
(e)-(h) without facet reflections but with the same total 
device length. (i)-(p) Measured emission spectra from an 
intersubband THz laser; (i) spectra collected before 
ADFB introduction (FP-only), (j) FP-ADFB device 
schematic, (k)-(p) FP-ADFB spectra from the same 
device at increasing driving currents. Other FP-only 
spectra revealed no significant shift in gain position with 
increased driving current. 

 

Figure 1: (a) Schematic of an FP-ADFB cavity with two resultant aperiodic 
distributed Bragg reflector (ADBR) sub-cavities. (b) ADFB design. Vertical lines 
represent narrow low refractive index slots. (c) ADFB spectral reflectivity response, 
calculated using ref. [2]. (d) Illustrative single-pass ADFB phase spectra ψ(k) (red), 
with two global phase shifts (green, blue); ψ(k) = mπ, m = integer  defines the 
possible laser oscillation frequencies. However, the round-trip complex gain of 
each solution is modified by Fig. 1(a), filtering out the majority of modes – for 
simplicity we show single-mode behaviour in (e), with switching occurring as 
phase varies. (f) A section of Fig. 1(b), with the corresponding distribution of (g)
the coupling factor multiplied by the minimum slot separation length, and (h) the
required quarter wave phase-jumps (in this section), as implemented in the TDM. 
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