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Supplementary material
Baseband equivalent transfer function of a bandpass filter
Let the bandpass filter be described by the convolution:
[bookmark: _Hlk104890169]							(A1)
where  is the real impulse response of the filter;
						(A2)
[bookmark: _Hlk109315977]						(A3)
,  are the respective complex envelopes of ,  and  is the nominal carrier frequency:
Introducing the Fourier transform pairs:
					(A4)
it follows that:
[bookmark: _Hlk109315534]						(A5)
						(A6)
[bookmark: _Hlk109315850][bookmark: _Hlk109315624]						(A7)
[bookmark: _Hlk100941170]Hence:
		(A8)
where:
[bookmark: _Hlk100942188][bookmark: _Hlk109316088]						(A9)
is the baseband equivalent transfer function of the bandpass filter.
The transfer function of a two-pole bandpass filter is described by:
[bookmark: _Hlk100941445][bookmark: _Hlk109316198]					(A10)
where  is the quality factor,  is the passband centre frequency, and  is the  bandwidth.
Consequently, the baseband equivalent transfer function is given by:
[bookmark: _Hlk100942965]						(A11)
Noting the offset frequencies  of interest are small  one may apply the binomial expansion to first order:
[bookmark: _Hlk109316347]						(A12)
to yield a highly accurate single pole baseband equivalent transfer function:
				(A13)
Discussion on optoelectronic oscillator phase noise performance and prospects for integration for an optical delay () comparable to the bandpass filter delay (
[bookmark: _Hlk104811252][bookmark: _Hlk104811128][bookmark: _Hlk104811167][bookmark: _Hlk104811270]In the case of an intra-loop phase fluctuation spectral density independent of the fibre length, the close to carrier () phase noise spectral density is proportional to . The theoretical description remains valid as  but the character of the oscillator progressively evolves from a multimode time delay oscillator with properties dominated by the delay line to a classical single mode oscillator with properties dominated by the RF bandpass filter (resonator). In terms of the phase noise spectral density, the close-in phase noise of the time delay oscillator is low  but features spurious sidemode resonances whereas the close-in phase noise of the classical oscillator is high  but is free spurious sidemode resonances.
In the authors’ experiments, the on-resonance group delay of the RF-bandpass filter is  which equates to a waveguide delay line  in length. Implementation as an integrated waveguide (or as a compact ring resonator with the same on-resonance group delay) would require waveguide losses lower than . Currently commercially accessible low-loss photonic integration platforms feature waveguide losses two orders of magnitude higher . Losses of  have been demonstrated in the laboratory using specialised processes. The demonstration of fully integrated OEOs is an important milestone and there are projections that suggest that processes featuring waveguide losses of  are feasible. However, the integrated OEOs demonstrated to date fail to leverage the delay and their phase noise performance is poor.
Optoelectronic oscillator under proportional control: location of system poles 
The poles are located at the roots of the characteristic function (Eq. (17) main manuscript)
				(A14)
Simple proportional control corresponds to setting. Following the method for the free oscillator described in the main text, the Lambert equation for the roots is then:
			(A15)
which implies:
				(A16)
Eq. (A16) demonstrates that for the proportional control displaces the poles further into the left half-plane substantially by the same amount  for small proportional gain (see Fig. A1).
[image: ]
Fig. 1A. The predicted location of the poles of the system function of a proportionally controlled time delay oscillator in the phased locked loop configuration (). All poles have been displaced further along the negative real axis substantially by the proportional gain.
Controlled optoelectronic oscillator experiment: Bode plots & outer pole locations
The simulated open loop bode plot for the two different sets of loop filter is presented in the main manuscript. The corresponding system pole locations of the phase locked oscillator is presented herein. 
[image: ]
[bookmark: _GoBack]Fig. 2A. Phase locked oscillator outer system pole locations; (a) Case-1; modulational instability arises due to the small positive real part of the poles associated to the first adjacent sidemodes; (b) Case-2; all pole locations have a negative real part albeit slight. Modulational instability is suppressed.
Equations used to calculate the values listed in Table 1(b):
		(A17)
		(A18)
			(A19)
		(A20)
			(A21)
			(A22)
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