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Abstract

Very-low-noise microwave signals are desirable for many state-of-the-art
applications, including many types of radar and imaging systems, as well as
secure communication.  However, even state-of-the-art rf oscillator
technology for producing signals into the tens of gigahertz range does not
generate signals with low enough phase noise for these important systems to
work to their full potential. A new approach for achieving microwave
signals with ultra-low phase noise involves using an optical frequency
divider that has as its reference a narrow-linewidth CW laser. Femtosecond
laser frequency combs provide an effective and efficient way to take an ultra-
stable optical frequency reference and divide the signal down into the
microwave region. In order to convert optical pulses into a usable rf signal,
one must use high-speed photodetection; unfortunately, excess phase noise
from both technical and fundamental sources can arise in the photodetection
process. In order to ultimately minimize the noise effects of the
photodetector, we must first characterize some of the known sources for
noise inside these devices. In this paper, we describe two of these effects —
power-to-phase conversion and shot noise — within three different test diodes.
The noise performance of each diode reveals the nature of the noise sources,
their effect on the output signal, and what design features of the photodiode
minimize these noise effects.
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Motivation
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Test Photodiodes \\

We consider three high-speed (~10 GHz) photo-detectors with internal termination of 50 Q.

PD Diode Diameter |Bandwidth

Responsivity @ 900 nm  |Notable Structure

Fllter Wheel

—_—
1 GHz Optical Fiber
Pulse Train Mating sleeve

PDI 30 microns 22 GHz 0.30 A/W SMF fiber
PD2 30 microns 22 GHz 0.26 A/W GRIN lens coupled
PD3 60 microns 12 GHz 0.34 A/W Thinned InP cap layer

Packaged Diode

( —
+Vy

20 GHz sampling
oscilloscope

50 Q internal Pulse length ~1 ps:
termination up to 25 mW is
coupled into fiber.
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Shot noise

Thermal (Johnson, resistive) noise and shot noise are two fundamental phenomena that occur
when incoming photons are converted to an electrical signal within the semiconductor media of a
photodiode. For photocurrents greater than ~1 mA., shot noise dominates over thermal noise. and

this is the regime we consider here.

‘ im"g= VIR Signal P if ’“’flza\.g
\

: - Microwave
Oif‘—;t'zat“ PD > _Elf:‘: > Spectrum \
P Analyzer

Shot noise floor in single M
(phase) quadrature

_ 2 _ s -
=i, R= ezang

Power

P

shot Frequency 10 GHz

Shot noise as a function of photocurrent.
The fundamental shot noise and thermal noise floors at 10 GHz are pictured for these
PDs [3]. The plots on the right do not include measured noise from other sources.
including thermal. which is why the data fall below the thermal noise floor plot.
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handling is important for generating low noise microwave signals.
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Power-to-Phase Conversion
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Conclusions

The effect of noise phenomena varies depending on the diode used and the noise of the system.
You can choose a diode that exhibits the best performance in the specific application. in this case.
generation of ultra-low microwave signals.
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