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Abstract: Recent evolution in physics and fabrication technology has led to new horizon in electronics, one such promising candidate
is the Single Electronics Technology that attracted huge attention in both academics and industry. It represents a new class of
electronics that precisely detect and control the transport of individual electron and thereby create Single Electron Devices for next
generation electronics in nano regime. SETs are considered as the next generation electronics for post CMOS VLSI ICs because of
unique principle of operation, quantized nature of carrier transport, ultra small size and low power dissipation like intrinsic properties.
Researchers now aim to emphasize this technology in every sphere of life. The authors here take this opportunity to employ SETS in
designing decision making sub-system which is not only novel in nature but simultaneously very fascinating but challenging act. The
designed model is tested using Monte Carlo based simulation tools so that to investigate all possibilities of the decision making. Further
its fabrication strategies were analyzed which revealed two significant drawbacks of the SET model. The authors surveyed the possible
solutions and hence hybrid CMOS-SET model was considered for designing the same decision making model. The second designed
model is unique of its kind because applying hybrid CMOS-SET model for decision making has not been reported much previously. The

second model was also empirically tested on T-Spice and subsequently both the results were compared to achieve the best viability.
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1. Introduction

Single Electronic Device (SED) ushered a revolution in
contemporary device research and is anticipated to rule the
market in very recent by introducing massive production
technology. Thus it is for sure, that the next few decades
would enjoy the privilege of nano-scale devices based on
SEDs. Introducing this spectacular technology, Researchers
now reveal the art of fabrication using e-beam lithography
technique for electronic devices in small vicinity resulting in
a massive reduction of power consumption and deducing the
device size to nano-scale devices. They now aim to
investigate every possible ways to articulate this technology
in every sphere of life. This has led SED to challenge the
human brains decision-making capability at present; thereby
implementing such subsystem that can interface common
non expert human brain with sophisticated technology to
solve complex issues. One such complex course of action
has been reported in this study related to the decision making
of policy making aiming the utmost correct decisions to be
taken, thereby, leading to automation of a person’s career
and life risk without involving any expert’s physical
presence or counseling.

Another most admiring concurrent research trend that has
attracted lot of attention is Hybrid CMOS-SET. This aspiring
but innovative research has augmented nano scale device
study for next generation electronics. In the subsequent
sections we have adopted this Hybrid CMOS-SET
technology to design the above said decision making sub-
system which advocates for novelty of our design. Besides

such uniqueness of the model we have made empirical
studies of it to explore its maximum flexibility in designing
domain. The MIB compact model for SET device simulation
was first incorporated to set the design and lastly the
BSIM4.6.1 model for CMOS was integrated into the test-
bench. The results showed better trade-off as anticipated in
the abstraction mode of the designing.

2. Analytical Study of SET

SED, a pioneering-next generation electronics is envisaged
as one of the most successful and booming Technology
encompassing the modern physical effects of electron charge
transport. It portrays infinite development in device study
and depicts better figure of merit in nano-scale electronic
device technology even though it integrated a number of
open challenges for the future elegant solutions. Size
reduction properties of SEDs have appeared to be blessings,
rather than an obscurity as there was no compromise made in
the consequences of the outcome in applying SEDs in
modern technology [1-5].

SET posses various advantages over exiting bulk
semiconductor devices and reveals great figure of merit but
owing to its inherent physical limitations it has several open
challenges waiting for elegant solutions. Single electronics
inherently utilizes the opportunity and controls the
movement and position of a single electron or a small
number of electrons. As per orthodox theory, the single
electron box is the simplest circuit, which exhibits what
single electron charging effects is. The box is quite complex
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to understand but at the same time it is also relatively simple
to manufacture and measure in the laboratory. A metal
granule remains on one side which is connected by a tunnel
junction. On this side electrons can tunnel in and out which
resonates the electron transport phenomena. Millikan was the
first to demonstrate the manipulation of single electrons in
the metal granule in the seminal empirical studies at the very
beginning of 1900, but it consisted of several impetus earlier
research work in Messophysics [6-8]. As per several
scientific  investigation reports this delay in the
implementation was due to the fact that manipulation
requires the reproducible fabrication of very small
conducting particles and their accurate positioning with
respect to external electrodes. The necessary implementation
in nano-fabrication techniques was introduced by e-beam
lithography which was made available during 1985-2005 [9-
11].

2.1 Technological Survey of SET logical Synthesis

The research on SET have stimulated in two distinctive
paths; (i) Fabrication of SET using newer, sophisticated and
cost effective technologies and (ii) Implementing SET
technology in real life application i.e., application of SET.
The fabrication technique of SET has been extensively
explored as most of the Researchers employed their efforts
in it and consequently several modern techniques have been
reported so far [12]. But the later way of research i.e.,
implementation of SETS to create SEDs for real time circuit
realization is still lagging far behind. Although application of
SED is a rising field of low dimensional structures that has
opened a new horizon for present and future device
application and this is now an established fact. Some SET
made devices have already matured into commercially useful
products. Many SET built circuits now require extensive
research to be commercially viable in near future. Thus it is a
high time to initiate broader research related to application
areas of SET such as Logic Gates, Memories and many
more.

Owing to such considerations Researchers and Scientists all
over the world emphasize in designing new SET based
devices and as a result thousands of single-electron transistor
(SET)-based logic schemes have been reported so far
although the fact is that comparatively negligible amount of
the proposed single-electron logic cells have been
established experimentally. Kim et.al, demonstrated silicon-
based single-electron logic circuits combining with FET to
incorporate in post CMOS era [13]. The up rise of SEDs, so
far proposed in the literature include single electron
memories [14,15], dot-based cellular automata [16, 17],
binary decision devices [18], inverters [19], pumps [20],
majority gates [21], analog to digital converter [22], logic
gates [23], single electron latches and buffers [24].

3. SET in Choosing Policy like Decision
Making Sub-system — A Case Study

The SETs as discussed earlier are elements of nanometer
scale electronic circuits because they can detect the motion
of individual electrons and hence can be made very small.
Herein the authors present a very complex and critical issue
of choosing a policy as a decision making sub-system with a

set of requirements under which an insurance policy can be
taken. Let us consider that the applicant must be —

1. A married female 25 year old or over (x), or

2. A female under 25 years (z) or

3. A married male under 25 who has not been involved in a
car accident or

4. A married male who has been involved in a car accident
(w) or

5. A married male 25 years or over who has not been
involved in a car accident (y)

Considering all the pre-conditions the authors here
demonstrate the SET based above stated decision making
sub-system using Monte Carlo based SIMON software. The
critical issues involved during designing were positioning
the basic elements at the nearest level without any
interference of the other elements. For the sake of simplicity
we have confined ourselves in only 5 conditions although
more conditions could be added to it further.

3.1 Modeling the Decision Making Sub-system Using
SET and Resultant Waveform for Optimization

The circuit realized in Fig.1 is capable to decide the policy
taking steps and the same decision-making sub-system can
be integrated into a nano-scaled IC which can be fitted to
any present day available real life products. The resultant
waveforms are enunciated in Fig.2.

Vdd

-V
Figure 1: SET Modeling for Policy Choosing

The transportation of electrons from input to output is
manipulated by the intrinsic properties of SED itself at
different clock intervals with the incorporation of input
signals and subsequently the propagation delay is controlled
to minimize the power consumption and power dissipation of
the proposed architecture. Simultaneously the integration
density of this model is quite high. Moreover, its robustness
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and high speed performance deliberately increases its
acceptability for nano IC configuration.

_______

Figure 2: Partial Waveforms for Policy Making Decision
Sub-system

From the waveform it is consequently revealed that the best
condition to choose a policy will encapsulate at least three
dissimilar successive conditions. Thereby, the modus
operandi to choose the best policy will sufficiently be broad
enough to adjust all possible pre conditions. And all these
can be achieved without any expert’s counseling. Thereafter,
the common man’s complex issue can be dealt quite easily
and undoubtedly it would be much less time consuming.

3.2 The Physical Limitations of Implementing SET for
Policy Making Decision Making Sub-system

As SETs are considerably made smaller, there is an increase
in operating temperatures, in operating frequency as well as
in device packing density. However, some of the circuit
architectures that have been proposed for SEDs are basically
copies of the semiconducting architectures which require
SETs with voltage gain. Because of this limitation of SETS,
it now seems that it has to go under extensive research
before commercially designing a SET based dense integrated
circuits using the existing technology. SETs have high
output impedance and are sensitive to random background
charges. This makes it unlikely that SETs would replace
FETs in applications where large voltage gain or low output
impedance is necessary [25-28] in very near future. The real
problems preventing the use of SETs in most applications
are the (i) low gain, (ii) the high output impedance and (iii)
the background charges. Besides this, the CMQOS devices are
trustworthy as they can compensate for the drawbacks of
SETs; thereby the Hybrid CMOS-SET architectures that
combine both SET and CMOS devices are the best
alternatives to the problems of SET mentioned above.

4. Hybridization of CMOS-SET and Modeling
the Same Decision Making Sub-system

SEDs, with the present day known best lithography
techniques, cannot fully overcome the physical limitation of
poor current driving capabilities and lack of room
temperature operation. Until a triumph over the fragilities of

SETs, in near future is achieved, complete replacement of
MOSFET by SET is not possible. Instead, CMOS is
compensated with high voltage gain, high driving speed and
also high input impedance. Other merits of existing and
highly proficient as well as much matured CMOS
technology are — a well developed e-beam lithography based
fabrication technology and ample research studies with
empirical results are available. Thus a profound prospect to
adapt hybrid CMOS-SET to recompense the intrinsic
drawbacks of SET can pay heed both in academics and
industry. And so the unconventional revelation to assemble
the circuit in hybrid structure by a combination of SET and
conventional devices like CMOS for VLSI and ULSI circuits
is gaining recognition. Hybridizing CMOS-SET can bring
out new functionalities, which are not represented in pure
CMOS or SET technology. Toshiba successfully empirically
demonstrated the act of a hybridizing MOS-SET inverter on
a SOI wafer [29, 30] with improved gain at transition levels
however the current drive remained low. Such a co-
integration methodology can move smoothly the sudden
transformation of technology from CMOS to SET [31, 32].
Here again the authors bore the pain to incorporate this new
technology in decision making sub-system of choosing a
policy. Fig. 3 below that articulates the hybrid model of the
same circuit of Fig. 2, have two basic differences with the
above designed SET model, i.e., (i) the ‘Pull Up’ transistor is
an SET and (ii) the Vpp is defined by the SET device
parameters. Researchers at Delft University in Netherlands
wee the first to recommended a SPICE simulation package
for SET circuit [33] using the Orthodox theory of SET that
can be incorporated for hybrid CMOS-SET optimization.
The authors here adhere to the SET-MOS quaternary
transmission gate [34]; the same is highly ascribed and
mostly cited in reputed journals [35]. The co-integration
model of policy choosing decision making sub-system were
designed and further simulated on this above cited SPICE
soft-computing layout which allows place sharing of SETs
with the conventional MOS devices in one particular die area
as elucidated in Fig. 3.

Vi

¢

Figure 3: Hybrid CMOS-SET Modeling for Same Policy
Choosing Decision Making Sub-system

For thoroughgoing exposure of the proposed sub-system and
also for convenience, the logic operations of the proposed
circuit were sequentially tested by simulation using T-Spice
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simulation software. Subsequently, MIB compact model for
SET device and BSIM4.6.1 model for CMOS was
amalgamated to obtain detailed experiential upshots. The
resulted waveforms are attached in the following (Fig .4).
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Figure 4: Resultant Waveform of the Hybrid Model

5. Comparative Analysis of Both Models

Both the proposed model showed no errors in performing the
decision making operations, but the two distinctive
drawbacks of SED designed model was counteracted.
Likewise, the power consumption ratio & propagation delays
when equated to CMOS technology were found quite fewer
in hybrid CMOS-SET technology. Table-l below indicates
only the approximated estimated values of power
consumption of the decision making sub-systems employed
in these two circuits. The output voltage gain is almost 4.8 as
obtained from the drop of the transitional regions. The
present projected conception of hybrid CMOS-SET decision
making sub-system architecture shows gratification in trade-
off between CMOS and SET.

Table 1: Partial Comparative Study of Both Models

Power No. of | No. of SET Power

Supply | CMOS Consumption
0.01VvV 3 3 1.02E-09 W
0.01VvV 3 3 1.02E-09 W

6. Future Scope

The design methodology creates ample scope for a new
horizon in the field of nanotechnology incorporation for
modeling decision making sub-systems. Furthermore, the
speed and robustness is of greater value when compared to
conventional pure CMOS systems. Apparently, such models
are expected to hit the market in very near future.

7. Conclusions

The design and simulation of two distinctive but co-related
nano scale technologies i.e., SET and hybrid CMOS-SET
decision making sub system is modeled categorically and the

results are acquired emphatically to render the underlying
potential of both the models. The results of SET based model
showed absolute gain over conventional CMOS
technologies. Apparently such systems should be considered
as the successor of age old CMOS conventions. But the
inherent physical limitations as well as fabrication
limitations have hardened its accomplishment. Therein the
approach of hybridizing CMOS-SET smoothens the pave
way for SET in near future. Beside others, one incredible
feature of hybrid decision making model is that the SET and
CMOS were positioned in series and in this manner if the
hybridization is achieved, it is anticipated that the result
shows improved gain of the models and simultaneously the
propagation delay decreases to some extent. Both the models
was designed and implemented using sophisticated
simulation software by means of empirical study to explore
maximum flexibility which revealed that the switching
speed, mobility and power dissipation shows enhanced
performance, thereby increases the possibility to incorporate
the same in next generation electronics.
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