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Abstract

I will review briefly the properties of optical amplifiers and attenuators, and how they affect the information carried by signals. I will then describe in detail the properties of cascaded parametric amplifiers and transmission links, and explain why such links are signal-phase-insensitive, but have noise figures that are 6-dB lower than standard phase-insensitive links.
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Summary
The properties of optical amplifiers and attenuators will be reviewed briefly [1-4]. Two-mode parametric amplifiers are signal-phase-insensitive (PI) if one input amplitude is nonzero, in which case the input (signal) is amplified. They are phase-sensitive (PS) if both inputs are nonzero, in which case in-phase (signal and idler) sidebands are amplified, whereas out-of-phase sidebands are de-amplified. Two-mode attenuators are always PI because the input loss mode is a vacuum state. The noise figure (NF) of an optical device is the input signal-to-noise ratio (SNR) divided by the output SNR. It is a figure of demerit. In the high-gain regime, the NF of a PI amplifier is 2 (3 dB), because the output signal inherits fluctuations from both (coherent-state and vacuum) inputs. The noise figure of an attenuator equals its loss factor L, because the coherent signal is diminished, whereas the signal (quadrature) fluctuations remain constant. In contrast, the NF of a PS amplifier is 1.2 (-3 dB). The sideband amplitudes combine constrictively, so their powers are increased by a factor of 4G (where G is the PI gain), whereas the sideband fluctuations combine incoherently, so the noise powers are increased by a factor of only 2G. Hence, the SNRs of the output sidebands are 3-dB lower than those of the input sidebands.
Standard communication systems are based on single-carrier-frequency signals, which are amplified in a PI manner. However, if one uses a PI parametric amplifier to copy an input signal (amplify the signal and generate a frequency-shifted idler), one has the two inputs required to operate another amplifier in a PS manner [5,6]. Because the first amplifier is PI, so also is composite (cascaded parametric) amplifier. Hence, in the high-gain regime, the NF of the composite device cannot be lower than 3 dB. However, if the amplifiers are separated by a fiber link (attenuator), operating the second amplifier in a PS manner reduces the NF of the link by 6 dB (L/2 instead of 2L). This NF reduction corresponds to a 2-bit/s-Hz increase in the information capacity of the link [7,8]. In a recent landmark experiment, a NF reduction of 5.5 dB was observed [9,10].
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