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Fast and reliable random number generation (RNG) is a key requirement for, e.g., secure telecommunication
or quantum simulations. This has driven the development of physical random number generators to replace de-
terministic, pseudo-random number generators. Semiconductor lasers exhibiting chaotic dynamics induced for
example by optical feedback [1] can provide up to 1 Tbit/s, but their speed is ultimately limited by the time scales
of the laser dynamics. Parallel RNG via spatial or spectral multiplexing can further increase the speed but previous
demonstrations were limited by low intrinsic speed or a small number of channels.

Broad-area semiconductor lasers (BALs) exhibit fast dynamics in a high number of spatial channels. However,
conventional Fabry-Perot BALs suffer from filamentation that induces spatio-temporal correlations which prohibit
the generation of uncorrelated random bit streams [2]. We developed an on-chip stable-cavity laser with curved
facets [Fig. 1(a)] exhibiting hundreds of transverse modes [2]. The resulting complex many-mode interference
suppresses the filamentation [3], and the laser emits a spatio-temporal speckle pattern that we measured with pi-
cosecond time resolution using a streak camera [Fig. 1(b)]. The spatio-temporal correlation function [Fig. 1(c)]
shows a correlation time of the order of a picosecond determined by the inverse of the width of the laser spec-
trum instead of the time scales of a chaotic laser dynamics. Moreover, there are no long-range spatio-temporal
correlations.

In a proof-of-principle experiment we demonstrate ultra-fast, highly parallel random number generation by
offline post-processing with the laser shown in Fig. 1(a). In total 127 bit streams are extracted from the spatio-
temporal measurements by our digitization procedure using the 3 least-significant bits out of 6 bits. With a rate of
2 Thit/s per stream, we thus obtain a total rate of about 250 Tbit/s which is two orders of magnitude faster than
the current record for post-processing. The randomness as well as independence of the different bit streams was
confirmed with standard random number test suites.

In conclusion, we present a new paradigm for RNG based on complex multi-mode interference in a broad-
area stable-cavity semiconductor laser. Our RNG scheme allows both higher single-channel bit rates as well as
more parallel bit streams than previous approaches. Since the spontaneous emission (i.e., quantum fluctuations)
constantly feeds noise into the lasing modes, their interference pattern is unpredictable and the resulting bit streams
are truly random. Moreover, the laser device is compact, robust, and no fine tuning of the operation parameters is
needed. However, significant technological development will be necessary to create an integrated random number
generator for real-world applications.
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Fig. 1 (a) Schematic of edge-emitting on-chip stable-cavity semiconductor laser (800 ym long and 566 um wide). (b) Spatio-
temporal speckle pattern of laser emission measured by a streak camera. (c) Spatio-temporal correlation function of laser
emission. (d) Intensity time trace from a single spatial channel sampled at 1.46 ps (top) and the resulting random bit stream
with 3 bits per sample (bottom).
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