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Fig. 5.7. Multiplexed
detection schemes. Avalanche
photodiodes respond to single
photons, but cannot
discriminate between one or
more detected photons.
Multiplexing is a way around
this problem. The incident
light is distributed to an array
of avalanche photodiodes by
an arrangement of beam
splitters. Each individual
detector rarely encounters
more than one photon; so the
whole device accurately
measures the number of
photons. Reproduced with
permission from Silberhorn
(2007).
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Fig. 5.8, Time-multiplexed
detector. The fibre couplers
and loops muitiplex a pulse of
light in time such that two
avalanche photodiodes are
sufficient for measuring the
photon number. This simple
scheme replaces the
experimentally more
complicated one of Fig. 5.7.
Reproduced with permission
from (Silberhorn, 2007).
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Photon Number Resolving Detector

Single photen detectors which réspond equally to one or more incident photons are relatively common, However, for many applications in quantum information technology we
_require a detector that can distinguish between different numbers of photons. We have realised a practical semiconductor device that can resolve the photon number in each
incident light pulse.

' A photon number resolving detector can be used to signal the successiul operation of photonic gates used in quantum computers, as well as in quantum feleportation. Our
detectors could also be used for quantum imaging and tomography, as well as the generation and characterisation of quantum light states. Mare generally, these detectors can
make measurements limited only by the fundamental level of quantum noise, in low-light applications such as biomedical imaging, astronomy and optical range-finding.

Output of the Toshiba phaten number resolving detector
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Our detectors exploit small, unsaturated signals from avalanche photodiodes. Avalanche photodiodes are semiconductor devices which allow a single photon to generate a
large photocurrent via avalanche multiplication, much like a single snowflake friggering an avalanche of snow. In a single photon detector this charge will grow until it saturates
the device, giving a fixed output regardless of the number of incident photons, In our photon number resolving detectors we prevent this from happening by gating the detector,
which limits the time for avalanche growth to less than 1 nanosecond. The output signal is proporticnal to the number of avalanches, which can be clearly discriminated,
allowing the photon number to be determined. We have demonstrated this principle in uniform detectors [1,2] as well as using spatially-multiplexed devices, in which
avalanches generated in separate zones within a single small-area diode are summed to give the photon number [3].

Because thess detectors operate close to room temperature, are compact, scalable and simple to fabricate, our approach is ideal for a wide range of applications in quantum
photonics.
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