Single-Molecule Electronics:
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Adopted methodologies

MORE
MOORE

MORE THAN
MOORE

« Moore’s law is at its ultimate limit, and the
ubiquitous paradigm of the Internet of Things
(I0Ts), the pervasive use of Big Data and
Artificial Intelligence (Al) are driving an
escalation in demand for heavily scaled, high
performing, low-power systems, where More than
Moore (MtM) paradigm with heterogeneous
integration is becoming crucial.
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* In this scenario, MOLECULAR ELECTRONICS offers: Single-Molecule
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v"HIGH INTEGRATION: intrinsic nanometric molecule size 2 ﬁ@ N@@—
v'LOW POWER: small intrinsic device parasitics -
Self-Assembled 2775
v'"ROOM TEMPERATURE USABILITY Monolayer . Lo

v CHEAP FABRICATION: self-assembly techniques

v'UNPARALLEL FLEXIBILITY: chemical synthesis engineering

 The electronic properties of molecular devices can be engineered by chemical synthesis
with vast degrees of freedom to implement specific electronic functions:

DIODES RESISTANCES CAPACITORS 'WIRES/SWITCHES

» Molecular electronics is a multidisciplinary field.
 In this research, we adopt a
delocalized perspective that joins
together the localized perspectives of

,:,/ Circuits and

mathematical and  computational Systems
modeling, quantum and applied Device
physics, physical chemistry, and/£
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electronics at the device, circuital and Chemistry,

system levels.

* A bottom-up approach starting from
the chemical and physical levels and
going up to the system level is
employed in a feedback way.
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Novel contributions and results

* In the last two decades, a substantial effort has been spent to experimentally
demonstrate and theoretically model single-molecule electronic devices. Nevertheless,
molecular electronics is still in its infancy stage because of the following open issues
addressed in this research:

o UNEFFECTIVE DEVICES AND CONTROL e.g., OPV7 single- molecule FET
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o LACK OF CIRCUITAL AND SYSTEM -LEVEL STUDIES
= Functionality

Drain-Source Voltage (V)

=
o
L=}

e

0

[ =

M

[=]

B N _ !/---,"-_ }\___J\\m"”
= Power Fo S —
+ _H o 0.0 II ! \ \\
- Dela 91 Lo / / \ \ \
y < S 0 / ! \ X _
Ar o g 201 =-=-=-:—-,—-—-—-L,-—-—-—-— — -—-\4—-—-—-\—-=-_—_-_—-_—_-_—_-=-_—
- ﬂ . - - .
€a | 0.0 1.0 20 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

o DIFFICULTIES IN ON-CHIP INTEGRATION T
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= Massively parallel nanogap formation N =S -9453, g
= Molecules anchoring

= Different molecules for each device

* In [3], we conceive an effective Back gate Biasing-based method for the ON/OFF
CUrrent Ratio Enhancement of the single-molecule FET via the control of Destructive
Quantum Interference (BBB -CURE-DAQI).
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* In[1], we develop a simple and effective circuital model for single-molecule FETs that

permits estimating the area, power consumption and delay of circuits and systems.

» Enriched LUT-based > layer of 7 parallel neurons » Functional verification
circuital model
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* In [4], we Investigate a single-molecule amperometric AFB1 sensor through DFT
calculations to enable the More Moore paradigm in molecular-based chips.
* In[2], we investigate a single-molecule device for Logic-in-Memory (LiM) through DFT

calculations. It may ease the on-chip integration since it implements logic and storage.
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 Amelioration of the circuital model for single-molecule devices
Design of a programmable multipurpouse single-molecule device
STM-BJ or MBJ experiments
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