Programmable black phosphorus image sensor for
broadband optoelectronic edge computing
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- The conductivity of black phosphorus (bP) changes dramatically

depending on the charge doping level, and so does the responsivity at
wide wavelength ranges from visible to Mid-IR light U],

- The doping level of the bP channel can be manipulated by
concentration of local charges, which can be stored in non-volatile
manner by engineering the stack of dielectric layers (AHA) 21,

- As bP-transistors are connected in an array, it can perform basic
convolutional neural network tasks in a vision sensor, enabling edge

computing (31,
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 Electrically programmed states: retention time (30%) ~ 1 year.
« Repeatable conductance states over 200 programming cycles with long retention time >1000s

Two level retention time Multilevel conductances
: : 100 o
| |
10-5__\\ | | N v
‘_"“--___:h : 80 — Prog
| | “-..___._‘__h I —_— —_
| —i-l @ ‘ — 2
| o 60 9V 3
o | 0 g i -4V -10V c
5 ol S8 40l v | €
hl =4 SBE SV 3
| ~ - -6V - S
I I I 8 20 - | @)
—-—m_____:, _________ L_ - r -8V
[ I o ampem—
10—7 R BT BT P | :l R B | :.. Vprc:g=18IV ) : . | . | .
10° 10" 102 10® 10* 10° 10% 10" 108 0 2000 4000 6000 8000 10000
Time(s) Time(s)

100

(o)}
o

I
o

N
o

Qo
o

o

- -18 V top gate pulse makes
the BP channel |least
conductive. (erased)

 Different top gate pulses (10
- 18 V) set the channel
conductivity (programmed)

« Each state shows linear |-V
characteristics.

« Optically programmed
states:

Fine control of the states
with 36 states.

« Each state separated well in
conductivity, and stayed
stable > 1000 s.

« Programmable responsivity
over broad IR spectra

 Linear dependance of optical
power and photocurrents.
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| « Differentimages encoded in
difference NIR wavelength regime.

« Optoelectronic convolutional
Kernel calculation results in clear
edge detection.
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Input can also be encoded electrically.

36 steps, or more than 5 bits of conductivity states enable the computation with more
complex kernel matrix.

MNIST hand-written digits are classified for randomly picked ‘0" and 1" with
92 % accuracy. 4
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