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Light Detection and Ranging (LIDAR)

distance = (speed of light X time)/ 2

« Accurate timing of a pulse of laser light (to and from object)
allows distance to be calculated and 3D maps to be generated.

« 3D vision enables ‘connected & autonomous vehicles’ (CAVs)
e.g. ‘driverless cars’, or advanced safety for collision avoidance
in vehicles.

« CAV technologies alone predicted to be large UK market (£6.4 bn
by 2035). [1]

Detectors for LIDAR

« Single photon avalanche diode
(SPAD) detector
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 Excellent for LIDAR

Group IV materials

Current SWIR SPAD
technology is prohibitively expensive

: Use materials compatible
with Si foundry processing (used to
make computer chips) - Cheaper!

« Extend absorption of Si SPAD
technology into the Short-Wave
Infrared using Ge absorber layers

Ge-on-Si SPADs: Design & Results

Developed a patented SPAD design
that reduces ‘false-counts’ [3,4]
Decouples sensitive region from
defective material (isolation trenches)
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Which colour (wavelength) of light

is best for LIDAR? Invisible to human eye
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« Short-wave infrared (SWIR) Heriot-Watt

wavelengths > 1400 nm:

Absorption coefficient (cm'1)

Devices 100X more sensitive than
previous Ge-on-Si SPADs [5]

LIDAR demonstrated = 3D map
of model car measured (below) [6]

Absorbed light (photon) gives
energy to an electron in
absorber layer

High voltage across avalanche
layer gives electron kinetic
energy

Causes avalanche of electrons
=> current pulse that can be
very accurately timed
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Eye-safe

Higher permitted laser powers
means longer range LIDAR

Can image through smoke/fog
Resilient in poor weather

Enables CAVs to see further down
the road and predict danger

140
30
20

10

0

SWIR 3D images at 24 m
through smoke [2]

SPAD operation
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 Sensitivity to single photons, and SWIR
operation leads to long range, robust LIDAR
systems

Ge-on-Si SPADs are compatible with Si foundry
processing, and can therefore be significantly
lower-cost than current technology
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Record performance for Ge-on-Si SPADs has
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« With optimisation, this technology is suitable for
0 mass-markets such as autonomous vehicle
LIDAR
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