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Low Gain Avalanche Detectors (LGAD), are customised Avalanche Photodiodes (APD) to obtain a high electric
field region confined close to the reversed junction. As a consequence, only the electrons generated when an
incident particle passes through the detector start the impact ionization. Thus multiply the charge collected by
readout electronics without increasing the noise in the signal. Due to this increase of the signal-to-noise ratio
the timing resolution of these detectors is reduced to less than 50ps [1]-[3]. LGAD detectors are based on the
conventional power PiN diode fabricated in a very high resistivity P-type substrate (5-10 k), mandatory to
work in a high radiation environment. Then, a deep P-type diffusion is formed at same place where the shallow
N+ diffusion is implanted. Finally, the back side P+ diffusion is implanted to guarantee a good electrical contact
with the Aluminium electrode. In this way, the n+-p-p- junction is reversed biased during normal operation
of the detector with the extremely low doped substrate fully depleted. Incident particles create a certain
density of electron-hole pairs in the depleted region and, as a consequence of the electric field, are accelerated
towards the corresponding electrode. Electrons flowing towards the positive biased N+ diffusion generate new
electron-hole pairs at the multiplication region with high electric field, thus enhancing the collected charge.
The key point of the LGAD core cell design is the precise control of the implantation dose and energy of the
multiplication P-type diffusion and also the fine tuning of the total thermal budget to get the desired profile.
However, the design of the edge termination and the peripheral region of the detector are also crucial to get
the desired breakdown voltage (typically in excess of 1000 V for 300pm thick detector) and to minimize the
leakage current coming from the periphery that may mask the readout electronics. Deep p-type diffusions
are commonly implemented to avoid surface current as a consequence of the creation of an inversion N-type
layer due to the extremely low doping of the substrate.

LGAD devices have been successfully fabricated on 300 micron thick substrates and extensively characterized,
before and after irradiation. However, the radiation hardness of these devices is not as good as it should be for
timing applications due to the degradation of the gain and creation of traps in the bulk [4]. A way to reduce the
bulk radiation effects (creation of traps in the bulk) of LGAD detectors is to reduce the substrate thickness as
much as possible. Two approaches have been contemplated: the use of SOI substrates with an active silicon
layer of 50 microns and the use of Silicon to Silicon bonding substrates with an active silicon layer of 50
microns. As a consequence, the distance covered by the generated electrons and holes is significantly reduced
and the number of electrons trapped due to radiation bulk defects is also reduced.

Therefore, the new family of thin detectors, named High Granularity Timing Detectors (HGTD) is suitable for
timing applications with time resolution less than 30 ps at -20C.

The measurement comparisons of HGTD on different substrates will be presented and discussed.

The decrease of the detector active thickness reduces the trapping but doesn’t avoid the degradation of gain
due to acceptor removal. As it was observed by Khan Gallium doped wafers showed a drastic reduction of
the acceptor removal [5]. Therefore Gallium LGADs has been produced to reduce the gain degradation on
LGADs. The first batch has been produced on 300 pm thick high resistivity p-type substrates and 50 pm thin
detectors with Gallium multiplication layer are ongoing. The performance and radiation damage of Gallium
LGAD:s will be discussed in the present work.
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