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Guangdong Provincial Key Laboratory of InformationPhotonics Technology, School of Information Engineering,

Guangdong University of Technology, Guangzhow, Guangdong 510006, China

Abstract

Objective In this paper, we propose a novel photonic method for generating flat millimeter-wave (mm-wave)
noises. The principle of our method consists in reshaping the broadband amplified spontaneous emission ( ASE)
spectrum into a multiple Gaussian optical noise spectrum with different central wavelengths before beating on a
wideband photo-detector (PD). For a better comparison of the quality of the generated noise, the relative flatness
(n) defined as the ratio of generated noise power fluctuation to its average power in a certain frequency range is put
forward. The experimental results show that the relative flatness with the value of 0.46 [ (@ (35 + 15) GHz] is
obtained by the proposed method. Benefitting from the low frequency-independent loss due to photonics devices,
similar results can be achieved in higher frequency bands such as F-band (90—-140 GHz) and G-band (140—-220 GHz).
This point is numerically confirmed.

Methods The aim of this paper is to improve the radio frequency (RF) spectral flatness of electrical noises
generated by optically mixing multiple wavelength-sliced ASE lights. To do so, a broadband ASE spectrum from a
superluminescent diode (SLD) source is reshaped into m narrowband Gaussian optical spectra using optical tunable
filters with different central wavelengths (A,, A,, -, A, ). Among them, the wavelength difference of A, and A, is
adjusted to correspond to a desirable central frequency f, in the RF spectrum, and the difference between A, and A ,,
is adjusted to decide the expected central frequency f, ;. At the same time , except A,, the optical wavelength
difference (i.e., Ay —A,, A,—A;, ,4,, —A, ) between two consecutive spectra needs to be less than or equal to
the 3 dB bandwidth of the optical tunable filter. In these conditions, the generation of the flat mm-wave noise in a
frequency range of f, to f, ; can be achieved. In addition, beating between the optical spectra centered at A, to A,
produces the electrical noise near the zero frequency region. This electrical noise component is neglected in this
paper, because it is out of the target frequency range.

Results and Discussions According to Eqs. (3) and (4), it is demonstrated that the relative flatness of the noise
signal is relevant to the number of optical spectra and full width at half maximum (FWHM) in F-band. The numerical
simulation is performed assuming that the input optical power is maintained constant (Fig. 3). The optimal value of
relative flatness is obtained when using six optical spectra and 0.1 nm FWHM. Due to the bandwidth limitation of the
electrical devices such as the high-speed PD and electrical spectrum analyzer (ESA), we experimentally demonstrate
the generation of the flat mm-wave noise in frequency range of 20 GHz to 50 GHz with a relative flatness of 0. 46
[@ (35 +15)GHz] using the mixing of multiple optical spectra [Fig. 4(b)]. In theory, the optical wavelength
differences of A, —A, and A, —A; can produce two Gaussian electrical spectra with center frequencies of f, =25 GHz
and f, = 37.5 GHz. The RF spectral flatness improvement of the mm-wave noise is obtained due to the
superimposition of these two Gaussian electrical noise spectra. For a better comparison, we also investigate the
relative flatness in the mixing conditions of two optical spectra with central wavelengths of A, and A;[Fig. 4(d)]. It
is noticed that the relative flatness is reduced to 0.65 [ @ (35 + 15)GHz]. We can deduce that our proposed method
enables a relative flatness improvement of about 0.19 [ @ (35 +15)GHz]. The simulation results relative to F-band
noise generation using the proposed method are shown in Fig. 5. First, six optical noise spectra are applied to
produce the mm-wave noise according to the Eqs. (3) and (4) with center wavelengths of A, = 1550.0 nm, A, =
1550.7 nm, A; =1550.8 nm, A, =1550.9 nm, A; =1551.0 nm, and A, = 1551.1 nm, respectively [ Fig. 5(a)].
Except for A,, the differences between two consecutive optical spectra with A; —24,, A, —A5;, A; —A,, and A —A; are
all equal to the FWHM of the optical spectra. The mixing of six optical noise spectra generates Gaussian electrical
noise spectra with central frequency of f, =87.5 GHz, f, =100.0 GHz, f, =112.5.0 GHz, f, =125.0 GHz, and
f5=137.5 GHz. Their superimposition yields a broadband electrical noise covering the frequency band of 90—
140 GHz. It is obtained a relative flatness of 0.18 [ @ (115 + 25)GHz] in F-band [Fig. 5(b)]. At the same time, the
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case of two optical spectra mixing with center wavelengths of A, and A, is investigated [Fig. 5(c)]. The produced
uneven electrical noise spectrum has a relative flatness of 1.73 [(@ (115 +25)GHz] [Fig. 5(d)]. In summary, our
proposed method for optical mixing of multiple wavelength-sliced ASE signals can generate a flatter F-band mm-wave
noise in comparison to that for optical mixing of two noise spectra.

Conclusions We theoretically and experimentally demonstrate the generation of flat millimeter-wave noises by
optically mixing multiple Gaussian wavelength-sliced ASE lights. The proof-of-principle experiment has shown the
effectiveness of our proposed method with a satisfactory relative flatness as low as 0.46 [ @ (35 + 15)GHz].
Considering the non-dependency of fibers loss on frequency and the use of a photodetector with faster response such
as uni-traveling-carrier photodiode (UTC-PD), the experimental implementation of our method in a higher frequency
band can be expected. Our proposed method exhibits potential features for the noise parameter measurement of
millimeter-wave devices.

Key words optical devices; flatness; millimeter-wave noise; mixing of multiple optical spectra; opto-electrical
conversion
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