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Barium fluoride scinftillation light

BaF, has @ scintillation component with decay
time, but also has a much larger component which
has @ decay time

The fast component can provide excellent time resolution,
for discrimination against background, as well as high rate
capability

This requires either suppression of the emission of the slow
component or use of a “solar blind” photosensor
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Fast (cross-luminescence) 1,800 photons/MeV
Slow (self-trapped exciton) 10,000 photons/MeV
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Barium fluoride scinftillation light

BaF, has @ scintillation component with decay
probertes time, but also has a much larger component which
Photosensor has a decay time
opftions
ALD fifer The fast component can provide excellent fime resolution,

for discrimination against background, as well as high rate
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Radiation This requires either suppression of the emission of the slow
hardness component or use of a “solar blind” photosensor

Conclusion

Cs-Te Cathode
Synthetic Silca 25

Window

0
1=630/0.9ns BaF,
1

0 2000 400

=1
B

Time (ns)

RELATIVE INTENSITY

L=
™)
QUANTUM EFFICIENCY (%)




BaF,
properties

Photosensor
options

ALD filter
Superlattice

Gain, noise

Radiation
hardness

Conclusion

Using molecular beam epitaxy (MBE) to produce a superlattice
region beneath the SiO, surface

Producing an antireflection bandwidth filter using atomic layer
deposition (ALD)

Work is also beginning on UV sensitive SiPMs

* K. Flood, D. G. Hitlin, J. H. Kim, J. Trevor, Lauritsen Laboratory, Caltech

M. Hoenk, J. Hennessey, A. Jewell, Jet Propulsion Laboratory, Caltech
R. Farrell, M. McClish, RMD Inc.

David Hitlin VIC 2016 February 17, 2016



SPL
AR COATINGS FOR UV DETECTORS I
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ALD-AR coatings provide up to 2X improvement over uncoated baseline and a
5x-50x improvement over incumbent UV detector technology

MNikzad, et al., Applied Optics, 51, (2012) 365.
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Measured at unity gain

« ALD filter has been designed 05
to be efficient at 220 nm and
provide strong extinction at
300 nm

« ALD filter characteristics ‘
can be adjusted to trade QE 0 B S SE.
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J. Hennessy
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with no effect on
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Front side
[\

2D Doping Superlattice vs. interface trap density

Conduction band (eV)
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Back side

Monoatomic layers of boron are

implanted beneath the (thinned) R
photosensitive surface of the Si 3
device using molecular beam o—]

epitaxy (MBE) (2D doping) ¢

The MBE layers allow the

Photosensitive
epilayer
~5 pm

«—— Delta and superlattice doping
optimizes surface bandstructure
+ Stable, uniform back surface
passivation
+ 1009, internal QF, 1009 fill
factor, low dark current
» Ultrathin back surface contact

conduction band fo remain
stable with varying surface charge

M. Hoenk et al., APL 61 1084 (1992)
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A QE for unmodified, Front llluminated CCD
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Relative response

T
10
Integrated exposure (J/cm~2)

U. Arp et al., J. Elect. Spect. and Related Phenomena, 144, 1039 (2005)
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Dark Current vs. Bias
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Background

Frequency

Superlattice APD
6OCO

David Hitlin February 17, 2016



BaF,

properties

Photosensor
options

ALD filter
Superlattice
Gain, noise

Radiatfion
hardness

Conclusion

=
w

Dark Current (uA)

o

?

.
[ ]

.
Q/

!

»

1/0/1900 1/10/1900 1/20/1900 1/30/1900

Date
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Infant mortality: 5 of 24

19 devices with 0 failures implies MTTF > 104 hours
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Irradiation done

without bias, as we
feared that
unrealistic high

rates could damage
APDs
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Dark Current at Gain 500 vs. Neutron Exposure Amount
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Dark current decreases after exposure due roannealing of
damage
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Standard RMD APD has been shown to be radiation hard
with gammas and protons
» |rradiation tests of the SL APDs with gammas and neutrons
are underway
Noise of initial devices is higher than that of standard devices

=  Operation at 10°C provides noise performance similar to
that of standard RMD APD at room temperature
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