502G bits/s quantum random number generation

with simple and compact structure
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Based on measuring quantum phase fluctuation of a laser diode, we propose a new approach of quantum
random number generation (QRNG) with simple and compact structure. The theoretical model of the QRNG is
established and the simulation results agree with the experimental data. Finally, 502G bits/s random bits
generation rates can be obtained, which can pass the ENT, Diehard and NIST-STS random statistic test.

Experimental setup of the proposed QRNG is shown in Fig.1. A DFB laser diode (LD) emits continuous-wave
(CW) beam. To maximize the phase fluctuation, the LD is operated around its threshold level. By a 50/50
polarization-maintaining beam splitter (BS), the CW beam is split into two paths. One beam is directly coupled
into a 40GHz photo-detector (PD). The other beam is coupled into a fiber loop, composed by the BS and a delay
line (DL), and recirculates inside the loop. Employing a high speed build-in-8-bit ADC in an oscilloscope to
sample the output of the PD, raw random bits are generated.

W Laser — o <P A — g e

2 4
PD

DL
Fig.1 Experimental setup of the proposed QRNG
A theoretical model of the QRNG setup is established. As shown in Fig.2, simulation results fit well with the
experiment measured data. Furthermore, the min-entropy of the raw data is 6.27 per byte. As the bandwidth of PD
is 40GHz and the sampling rate of ADC is 80GSa/s, the final random bits generation rate reaches up to 502Gbits/s,
which passes NIST-STS, Diehard and ENT tests. As an example, the NIST-STS test result is shown in Fig.3.
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Fig.2 The normalized distribution of experimentally
measured interference intensity and simulation result of Fig.3 The NIST-STS test result
the theoretical model for the proposed QRNG

In summary, we propose and experimentally establish a simple and compact QRNG, and the random bit
generation rate can be significantly upgraded to 502G bits/s.
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