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Abstract

Motivated by the merits of low power dissipation, ultra small size, and high speed of many nanoelectronic
devices, They have been demonstrated to ensure future progress. Single electron devices became one of
the most important nanoelectronic devices due to their interesting electrical characteristics and behavior.
Many research efforts moved to describe their electrical characteristics to use them with conventional
electronic devices. This paper deals with modeling and simulation of such new electronic devices. This
paper presents a model for the Single Electron Transistor (SET) and its application in simulating hybrid
SET/MOS ADC and DAC converters. This model uses the orthodox theory of single-electron tunneling
and determines the average current through the transistor. The proposed model is more flexible that is
valid for large range of drain to source voltage, valid for single or multi gate SET and symmetric or
asymmetric SET. Finally, using this model with MOSFET transistors to realize a multi-bit Analog-to-
Digital Converters (ADC) and Digital-to-Analog Converters (DAC). The hybrid n-bit DAC nano-circuits
are simulated for (n=4 and 8) using Orcad Capture PSPICE. The performance of the SET/MOS hybrid
n-bit ADC circuits were simulated (for n=3 and 8). The results show that the transient operation of hybrid
SET/MOS circuit-based DAC could successfully operate at 1000K while ADC could operate at 144K.
This performance can be compared with the pure SET circuits, the proposed converter circuits have been
enhanced in the drive capability and the power dissipation. Compared with the oth’er SET/MOS hybrid
circuit, the implemented converter circuits have low simulation time, high speed, high load drivability
and low power dissipation.

Keywords: Single-Electron Transistor (SET), MOS transistor; Nano-circuits, hybrid; simulation, orthodox
theory, PSPICE; Master Equation, Tunnel Junction (TJ), Coulomb blockade

1. Introduction

The size miniaturization in microelectronic circuits has been an important factor to the emotional increment in the
processing power of computer arithmetic circuits. However, it is generally accepted that sooner or later MOS based
circuits cannot be reduced further in feature size due to fundamental physical restrictions [1].

The fast progress in the fabrication technology of silicon nano devices has pushed the device dimensions toward
nanometer scale. When device dimensions are reduced to a few nanometer range, the single electron tunneling leads
to interesting new device characteristics. If we wished to continue obeying the Moore law and make the circuits
cheaper, faster and the power dissipation lower, some new electronic devices would have to be created, such as
Single-Electron Transistor (SET) [2].

Single Electron Transistor (SET) is expected to be the future of VLSI design due to its nanoscale feature-size, ultra
low power dissipation and high density. The fundamental principle of single-electronic is the Coulomb blockade,
which was first observed and studied by Gorter [3]. Pure SET circuits have very limited applications due to SET’s
low current drivability, small voltage gain and low-temperature operation.

Since MOS devices have advantages that can compensate for the disadvantages of SET, hybrid SET/MOS
architecture which combines the advantages of both MOS and SET. The basic single-electron nano-devices is the
tunnel junction which can be thought of as a leaky capacitor. The SET consists of two tunnel junctions in series
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sharing a common electrode, which is called the island, also known as the quantum dot and two gates are coupled
to the island.

The orthodox theory describe the transportation of charge using free energy, tunnel rates, coulomb blockade and
quantization of charge. Most single electron transistor models are based on the orthodox theory. Some models
depend on the tunneling of an electron through a barrier. Once the tunneling rates for all junctions are known, the
tunneling probabilities and tunneling current are calculated. Thus the single electron systems can be simulated.

Analog and digital converters are important circuits. The Analog-to-Digital Conversion (ADC) and Digital-to-
Analog conversion (DAC) are developed to obtain high integration density, high speed, and low power dissipation.
The advantages of ADC and DAC circuits which uses the Single Electron Transistor are low power dissipation,
high integration density and high speed. Some research groups had proposed several kinds of ADC and DAC
circuits based on SET [4]-[9].

A proposed hybrid SET/MOS DAC and ADC circuits were presented in this paper to take the advantages of the
SET and the MOS. Their advantages are low power dissipation, small size and high load capability.

In this paper, we proposed a model for the SET. This model is based on the “orthodox theory” of single electron
tunneling. It is valid for unlimited range of drain to source voltage, valid for single or multi gate SET and symmetric
or asymmetric SET. SET characteristics produced by the proposed model have been verified against Monte Carlo
simulator SIMON[10] and show good agreement. This model is computationally efficient in comparison with the
existing models. The ADC and DAC circuits are simulated using the proposed PSPICE model and MOS transistors.

Moreover, This paper deals with modeling and simulation of such new electronic devices It starts with describing
single electron phenomena and discussing the most important theory orthodox theory of single electronics used in
explanation of single electron devices behavior With the aid of orthodox theory and the basic idea of electron
transport through tunnel junctions it presents an equivalent circuit model for Single Electron Transistor SET taking
into consideration the effect of temperature tunneling resistance and gate capacitance The proposed model is
validated by comparing its results with well recent known models The model is tested using a popular single
electron simulator named SIMON This chapter also presents a study about different modeling techniques Master
equation and Macromodeling algorithm for single electron systems These techniques could model the most used
single electron device single electron transistor SET By applying these techniques one can find that master equation
gives better accuracy than Monte Carlo algorithm and takes less simulation time A proposed PSPICE fast model
for the SET is presented It is based on the “orthodox theory” of single electron tunneling valid for unlimited range
of drain to source voltage valid for single or multi gate SET and symmetric or asymmetric SET It is implemented
using PSPICE to enable simulation with other electronic components like MOS devices Some single electron
circuits are studied and simulated using our proposed model These circuits are single electron inverter five inverters
in series and amplifier circuit Finally this chapter presents a design and simulation of hybrid SET/MOS Analog to
Digital and Digital to Analog circuits The hybrid n bit DAC nano circuits are simulated for n=4 and 8 using Orcad
PSPICE The performance of the SET/MOS hybrid n bit ADC circuits were simulated for n=3 and 8 Also ADC
circuits using Single Electron Transistor were simulated for n=8 using Orcad PSPICE The results show that the
transient operation of hybrid SET/MOS circuit based DAC could successfully operate at 1000K while ADC could
operate at 144K This performance can be compared with the pure SET circuits the proposed converter circuits have
been enhanced in the drive capability and the power dissipation Compared with the other SET/MOS hybrid circuit
the implemented converter circuits have low simulation time high speed high load drivability and low power
dissipation

The proposed SET model is presented in section 2. The proposed model implementation is illustrated in section 3.
Section 4 describes the comparison between the proposed model and other models. DAC using hybrid SET/MOS
circuit is illustrated in section 5. ADC using hybrid SET/MOS circuit is introduced in section 6. Finally, conclusions
are given in section 7 followed by the references.

2. The proposed set pspice model

Figure 1 shows the Single Electron Transistor symbol with one gate connection (three terminal). Our circuit
simulation model, solves the steady state master equation taking into consideration the effect of the tunneling
resistance and temperature variations. Fig. 2 shows a complete circuit simulation model for the SET. It consists of
two tunnel junctions, each is modeled by a capacitance connected in parallel to a resistance, a gate is coupled to the
island. A voltage source is connected to the source, the drain, and the gate.
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DS
{3}
\Z
R1 R2
. Cl Island m )
Sowrce I_'\m |I Drain

A
e %5 O
T

Fig. 2: Single Electron Transistor model in PSPICE

This model is for a one gate connection (three leg) transistor with zero gate current and with drain source current
depending on the drain, source and gate voltages. The model is based on mathematical relation based on the
orthodox theory. The code is structured in four sections, section 1 is the device parameters, section 2 is the general
functions, and section 3 is the recursion relation, while the last section is for current calculations. The code used in
PSPICE model editor sub-circuit presents a three nodes device; terminals 1 and 2 as the drain and source, 3 is the
gate terminal. The code for the parameter and function equations involving the number of electrons in the island
and the tunnel rate. Our model is developed on the following assumptions:

1. It obeys the orthodox theory of single electron tunneling.
2. The interconnect capacitances associated with the gate, source, and drain terminals are much larger than the

device capacitances.

The voltage of the island when a charge ne is present on the island is:

(ne+CV, +C,V,+C.V,)
CZ

V(n) = (1)

Where e is the positive elementary charge, 7 is an integer that specifies the number of elementary charges
that have been added in the island, and Cs is the total capacitance:

C:=C+C,+C, )

The change in energy AE when a charge e tunnels from a lead at voltage Vi to the island is:

AE. =—eV, +eV(n)+e’ /(2Cy) 3)
The junction tunnel rate, I, is formulated based on the orthodox theory and given by [12]:

AE.
I = ; “

i ezRi (eAEi/kBT _1)
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Where R; is the tunnel resistance, ks is Boltzman’s constant, and T is temperature in Kelvin.

The probabilities that the charge states are occupied can be determined from the recursion relation [12]:

[, (n—1) J ®)

P(n):P(n—l)(r (T (D)

Where I'ii: is the tunnel rate which e can tunnel from left through tunnel junction i and I'ir: is the tunnel
rate which e can tunnel from right through tunnel junction i.

The drain-source current is:

1=¢3 PO)(T,e(m) -T,, (1) ©

n=—0

3. Implementation of the proposed model

As shown in Figure 3, the drain to source current is a periodic function of Visiand With periodicity of (2X).
In this model, the drain to source current equation has been developed only for the period:

I/dVSV
2

isl

L <2X + Vs (calculation zone which is shown in Figure 3. We can shift other values of Visiand
and 2

by an integral multiple of (2X) into this window and apply the same model to calculate the drain to source
current.

As Vds range increases, the number of states that must be added into calculation also increases. The idea
is to take only the dominant states, depending on the values of Vds.

We can determine which set of states are needed and also do that mathematically as follows:

V, = NelCy ©

Where N is an even number.

Id

]
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Dblockade ‘
|
" L { \vlsland
X VisX ‘[ X VistX “ 3X Vids+3X
| |
b
[3] Vis2 Vis242X
[4] Fig. 3: Schematic of SET drain current (Ia) characteristics as a function of the island potential(V;) at

V, (e/Cyand T=0K.
[s)

The set of states will be ((-N)/2):(N/2)). For example if Vsl < 4e/ G , the set of states will be (-2:2). Table
4.1 summarizes the set of states that are needed to capture different ranges of Vds.
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[6] Table 1: The set and number of states that are needed for different ranges of Vas.
N Set of states Number
5?1;;6 of (even N ~ of states
h no.) [[ 2 j : (ED
2e/Cy 2 1:D)=(-1,0,1) 3
de/C 4 (-2:2)=(2.- 5
z 1,0,1,2)
6e/C 6 (3:3)=(3,2- 7
z 1,0,1,2,3)
8e/ C. 8 (-4:4) =(-4,-3,-2.- 9
= 1,0,1,2.3.4)
10e/C 10 (-5:5) =(-5.-4,3,- 11
2 2,-1,0,1,2,3,4,5)
12e/C 12 (-6:6) —(-6,-5,-4,- 13
z 33'27_
1 305 1 7253547576)
14e/C 14 (-7:7) =(-7,-6,-5,- 15
z 4,3,2,-
1,0,1,2,3,4,5,6,7)

In order to validate our proposed PSPICE model, we compare the results with Recursion Relation Model
(RRM) which was developed by Lientschnig et al. (Applied Sciences and DIMES, Delft University of
Technology) [11]. As shown in Figure 5 the results of this model shows a good agreement with Recursion
Relation Model (RRM) results and they give the PSPICE great flexibility to include isolated single

electron transistors in hybrid SET-FET electronic circuits.

The proposed model has been verified against Monte Carlo simulator SIMON [10]. IDS-VGS
characteristics are simulated using the proposed model for symmetric (R1=R2) and asymmetric (R1#£R2)
SET as shown in Figure 6. Ids-Vds characteristics are also simulated for symmetric SET as shown in

Figure 7. The effect of temperature on IDS-VGS characteristics of SET is shown in Figure 8.
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Fig. 5: Current-voltage characteristics (In-Vbs) of the proposed model and RRM model for T=4.2K,

77K, 300K.
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Fig. 6: Verification of the proposed model with device parameters, Cg=2aF, Ci=C,=1aF, T=15K,
V4s=0.02-0.05 with step=0.01. (a) Ips-Vgs characteristics for symmetric SET (Ri=R>=1MQ)

(b) Ips-Vas characteristics for asymmetric SET ((Ri=1MQ, Ro=2MQ)
The proposed model (lines), SIMON (symbols).
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Fig. 7: las-Vias characteristics for symmetric SET with device parameters Cg=2 aF, Ci=C,=1aF, T=15k,
the proposed model (lines), SIMON (symbols).
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Fig. 8: Effect of the temperature on SET characteristics with device parameters Vas=0.32V,Cg=0.5aF,
Ci1=C>=0.25aF, the proposed model (lines), SIMON (symbols).

Experimental results
Several research efforts on SET compact modeling have been reported, among of them: Lientschnig et al. [11] has
introduced the recursion relation to solve the steady state master equation. It is valid for single or multi-
gate and symmetric or asymmetric devices. It can capture Vs range up to 5¢ /Czusing eleven states.

However, using the proposed m/odel seven states are needed to capture drain to source voltage up to
6e/Cs- Ismail et al. [12] has introduced fast model which includes only three charge states (n-1,n,1+1).

This mode is very fast in comparison with Quantum Transport software which includes about two
hundred charge states. But in comparison with the proposed model when includes three charge states, our

model is capture drain to source voltage = 2¢/ Csbut the other Va=e/Cy. Hasaneen et al. [13] has
introduced an accurate model for the SET. This model solves steady state master equation to capture
drain to source voltage up to 4¢/ Czusing ten states. However, using the proposed model five states are
needed to capture the same range of Vds. Finally, Amit Jain et al. [14] has introduced an accurate model

for the SET. This model solves steady state master equation to capture drain to source voltage up to
6e/ Czusing eleven states. However, using the proposed model seven states are needed to capture the

same range of p .
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Fig. 9: Comparison between the proposed model and Ismail et al. model

at Cg=2 aF, Ci=C,=1aF, T=15k and Ri=R:=1MQ.
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Fig. 10: Comparison between the proposed model and MIB model at
Cg=0.2 aF, C1=C2=0.15aF, T=200k and R1=1MQ, R2=5MQ.
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The simulations in Figures 6(a), 6(b), 7, and 10 are repeated using MIB model [15], Hasaneen et al. model
[13], Amit Jain et al. [14] and the proposed model. The Root Mean Square Percentage Error (RMSPE)
between these models and SIMON results is calculated and summarized in Table 2. The results show that
both the proposed, Amit Jain and Hasaneen’s models maintain very small RMSPE, while MIB model
shows wide range of deviation. Table 3 summarizes the comparison between the proposed model and
previously reported models. The main advantages of the proposed model can be listed in the following
points:

1) The proposed model is valid for both analog and digital applications as it captures unlimited range of

Vds.

2) The proposed model is valid for symmetric and asymmetric SET. The proposed model is faster than both

Lientschnig’s and Hasaneen’s models.

3) The proposed model results show perfectly agree with SIMON results and the recursion relation model.
4) The proposed model is more simplified calculations, minimize current, power and improved speed for

the numerical simulation.

4.1 Digital-to-Analog Converter (DAC) using the proposed SET model and MOS transistor

Figure 11 shows the basic schematic of an n-bit hybrid SET/MOS DAC circuit. It consist of two parts, the
first part is a signal input capacitive array block, the second part is a Single Electron Transistor in series

part), the output of the capacitance array is connected with the input of the output circuit (second part)
which consists of SET in series with NMOS. The NMOS transistor M1 acts as the load of SET, its gate is
connected with the source. In this circuit Single Electron Transistor was used with one gate, this gate (G)
acts as signal input end. The input gate of the SET and the source of NMOS are shorted in the output
circuit (second part). The drain current of the SET oscillates periodically with the increase of input voltage
signal at the input gate [16]. The analog voltage is used as output signal of the hybrid DAC circuit.

Table 2: Comparison of calculated RMSPE between MIB model [15], Hasaneen et al. model [13], Amit
Jain et al. [14] and the proposed model.

Root Mean Square Percentage Error (RMSPE)
MIB Amit Hasaneen The
Jain etal. proposed
Model
et al. model model
(15] [13]
[14]
Number of included states 4 11 10 5
Vs = 0, 0, 0, 0,
005V 0.12% 0.02% 0.02% 0.02%
Figure ’
6(3.) Vds =
0 O4V 0.46% 0.02% 0.02% 0.02%
Vs = 0, 0, 0, 0,
_ 005V 0.27% 0.02% 0.02% 0.02%
Figure .
0 O4V 1.16% 0.02% 0.02% 0.02%
Vgs =
01V 0.24% 0.03% 0.03% 0.02%
Figure
) (\)137\:] 0.03% 0.02% 0.02% 0.02%
Vgs = 0, 0, 0, 0,
0,04V 0.05% 0.02% 0.02% 0.02%
(Fllg;‘re (\)/‘;2\:, 7.52% 0.03% 0.03% 0.03%
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Table 3: Comparison between the proposed model and the previously reported models.

. Number Validity to
Maximum of
SET Model analog
Vs range charge o
applications
states
Lientschnig
et al. model Unlimited 11 Valid
[11]
Ismail et al. .
model [12] e/ CZ 3 Not valid
MIB
model 3e/ CZ 4 Valid
[15]
Amit Jain Valid
6e/Cs 11
etal. [14]
Hasaneen
et al. model 4e/Cy 10 Valid
[13]
The
proposed Unlimited 7 Valid
model
I Voo
|
|
|
Capacitive |
array block | [: M
| Vout
20 I Cg _L
D, C—— C,
2lc [
Dy o= {
D, 02—_(1 — | L=
e ||
Dy o——¢ ' output
! : ! block
D O—ilﬁ
n—1 2"—] (v I(

Fig. 11: Schematic of n-bit hybrid SET/MOS DAC circuit

Simulation results of 4-bit and 8-bit DAC circuits

This circuit is SET/MOS hybrid DAC circuit, which is difficult to simulate using the MOS circuit
simulation method or the SET circuit simulation method separately. Therefore the proposed model using
OrCAD Capture PSPICE program that is used in the circuit by one-gate SET simulation model.
Compared with pure SET DAC circuit [17],[18], the proposed hybrid SET/MOS DAC uses fewer
electronic components, which simplifies the structure of the circuit, increase the operating temperature,
enhances the load capability and the signal output scope. Fig. 12 shows the simulation results waveform
of 4-bit DAC circuit using Orcad Capture PSPICE. Compared with DAC circuit in [16]. The improved
hybrid SET/MOS DAC uses fewer electronic components, simplifies the structure of the circuit, enhances
the load capability and the signal output. The power dissipation of designed 4-bit DAC is 3.25E-11W,

16
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which is lower than the previous proposed SET/MOS DAC [16]. Table 4 shows a comparison between
the previously reported DAC in [16] and the improved DAC. Fig. 13 shows the simulation results
waveform of 8-bit DAC circuit using Orcad Capture PSPICE.

i §
P

D3(V) D2V) DIV) Do(V)

(=]
.
[
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Fig. 12: PSPICE simulation results for the proposed 4-bit hybrid DAC.
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Fig. 13. PSPICE simulation results for the proposed 8-bit hybrid DAC

Table 4: Comparison between the previously reported DAC in [16] and the proposed DAC
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STllIf ation Hybrid 4-bit Proposed
u DAC [16] DAC
parameters
Power | 252E-11W 3.25E-11W
dissipation
Capacitance
Array Block C=1E-12F C=10E-12F
)
Capacitive several
drive several fFs hundreds of
capability fFs=500fF
Temperature
100K 20-1000K
X)
Total — job 38.27Sec 15.86Sec
time
Cgi=1.8E-
18F
Cg=2E-18F
Cg2=0.64E-
SET 18F C=Cr=1E-
19F
parameters C= Cr1E-
19F Ri=R,=1E6Q
Ri=R,=2E6Q
M1 N
M;: L= L=150nm
150nm
W=15nm
NMOS W= 30nm
parameters Viu=-0.018V
Depletion
type Depletion
type

4.2 Analog-to-Digital Converter (ADC) using the proposed SET model and MOS transistor

Figure 15 shows the schematic of an n-bit hybrid SET/MOS ADC circuit. It consists of a capacitive
divider and » Periodic Symmetric Function (PSF) with the same circuit parameters [19]. The PSF circuit
is composed of two cascade circuits that are shown in Fig. 14. The first part is a SET in series with
depletion type NMOS (the same as the output circuit of DAC), the second part is a SET in series with
NMOS transistor. The ADC operation as follow: The analog input signal Vi, is divided by the signal
divider into n voltage signals (Vin/2!, i= 0,1,2,....n-1). Then, the analog signals are converted into the
corresponding binary output signal by the PSF units with the same circuit parameters. Fig. 16 shows the
(Vo1-Vin) waveform of PSF at different temperature (5, 30, 50, 80, and 100K). From the figure as the
temperature increase, the output of the first part Vo1 become smoother.
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Fig. 14: Schematic of a SET/MOS Periodic Symmetric Function (PSF).
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Fig. 16: The waveform of (Vo1-Vin) under different temperature

Simulation results of 3-bit ADC and 8-bit ADC circuits

Figure 17 shows the Voltage Transfer Characteristics of SET/MOS Periodic Symmetric Function (PSF)
at 100K. Figure 18 show the simulation results of 3-bit ADC circuit using the PSPICE proposed model,
the first waveform is the input ramp voltage, the rest of the waveforms show the digital output signal Do,
D1 and D». Table 5 shows a comparison between the previously reported ADC in [16] and the proposed
ADC. An 8-bit ADC circuit was simulated using Orcad Capture PSPICE. Compared with the previous
proposed SET/MOS ADC [20], the proposed 3-bit ADC circuit has only one power supply and it can

20
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operate at higher temperature. Compared with the previous proposed SET-based ADC [21],[22],[23], the
proposed hybrid SET/MOS ADC is enhanced in operate temperature from 0K~10K to144K, heightened
the load capability and signal output scope.

03

o
b=

Vout(V)

e
=

— - — ] A
et 555 g 5 LAt

0 005 01 01s 02 025 03 035 04 045
Vin(v)

Fig. 17: Voltage Transfer Characteristics of Periodic Symmetric Function (PSF)
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Fig. 18: Simulated waveform of 3-bit ADC Hybrid SET/MOS

Table 5: Comparison between the previously reported ADC in [16] and the proposed ADC

The Hybrid 3- roposed

simulation bit ADC prop
ADC

parameters [16]

Power | 5.88E-10W 2.92E-10W

dissipation

Capacitance

Array Block C=2E-15F C=5E-15F

)

Capacitive several

drive several fFs hundreds of

capability fFs=500fF

Temperature

100K 40-144K
X)
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Total  job
time

277.66 Sec

30.44 Sec

SET

parameters

Cin=1.6E-18
F

Cc2=0.1E-18
F

C1=C=0.2E-
18

Ri=R>=8E6
Q

Cg=1.6E-18
C1=C=2E-19

Ri=R>=9E6Q

NMOS
parameters

NMOS
parameters

Mi: L=200
nm

W=20 nm

Ms:  L=120
nm

W=28 nm

Vu=0.018
\Y

PMOS
parameters

Mz L=120
nm

W=56
nm

V= -0.482
\Y

Depletion type
Mi:L=200 nm
W=20 nm
Enhancement

M2:L=120nm
W=28nm

Vu=0.018V

5. Conclusions

A new PSPICE model for the single electron transistor has been reported which is accurate and efficient
for large range of bias voltage that is suitable for simulating circuits in hybrid SET/ MOS. The proposed
model has been verified against the Monte Carlo simulator SIMON. The model was employed with
MOSFET transistors to realize a multi-bit Analog-to-Digital Converters (ADC) and Digital-to-Analog
Converters (DAC). The circuits performance can be compared with the pure SET circuits, the proposed
converter circuits have been enhanced in the drive capability, signal swing of the output and the power
dissipation. Compared with the other SET/MOS hybrid circuit, the implemented converter circuits have
compact circuit structure, higher integration density, high speed, high load drivability, low current and

low power dissipation.

REFERENCES

[1] Y. Taur, D. A. Buchanan, W. Chen, D. Frank. K. Ismail, S. Lo, G. Sai- Halasz, R. Viswanathan, H.
Wann, S. Wind, and H. Wong.: ‘CMOS Scaling into the Nanometer Regime’, Proceeding of the IEEE,

Vol. 85(No.4):pp.486-—504, 1997.

[2] K.K. Likharev: ‘Single-electron devices and their applications’, Proc. IEEE , 87, pp. 606—632, 1999.

[3] C.J. Gorter: ‘A possible explanation of the increase of the electrical resistance of thin metal films at low
temperatures and small field strengths’, Physica, vol. 17, no. 8, pp. 777-780, Aug. 1951.
[4] S.J. Ahn and D. M. Kim: ‘Asynchronous analogue-to-digital converter for single-electron circuits’,
Electron. Lett., vol. 34, pp. 172—173, 1998.

DOI: https://doi.ore/10.54216/IJTWAC.000101

22



nternational Journal of Wireless and Ad Hoc Communication (IJW.AC) 170/. 0, No. 1, PP. §-23, 2019

[5] Y. Mizugaki and P. Delsing: ‘Single-electron signal modulator designed for a flash analog-to-digital
converter’, Jpn. J. Appl. Phys., vol. 40, pp. 6157-6162, 2001.

[6] C.H. Hu, J. F. Jiang, and Q. Y. Cai: ‘A single-electron-transistor-based analog/digital converter’, in
Proc. IEEE-NANO, 2002, pp. 487—490.

[7] C.Lageweg, S. Cotofana, and S. Vassiliadis: ‘Digital to analog conversion performed in single electron
technology’, in Proc. IEEE-NANO, 2001, pp. 105-110.

[8] J.Y.Le,J. F.Jiang, and Q. Y. Cai: ‘Design of hybrid SET-CMOS D/A converter’, Proc. IEEE, vol. 89,
no. , pp. 299-302, 2001.

[9] C. Hu, S. D. Cotofana, and J. Jiang: ‘Analog-to-digital converter based on single-electron tunneling
transistor’, IEEE Trans. VLSI Syst., vol. 12, no. 11, pp. 1209—1213, Nov. 2004.

[10] C. Wasshuber, H. Kosina, and S. Selberherr, “SIMON—A Simulator for Single-Electron Tunnel Devices
and Circuits”, IEEE Transactions on Computer-Aided Design of Integrated Circuits and Systems, vol.
16, no. 9, pp. 937-944, 1997.

[11]G. Lientshnig, I. Weymann, and P. Hadley: ‘Simulating hybrid circuits of single-electron transistors and
field effect transistors’, Jpn. J. Appl. Phys., Vol. 42, Part 1, No.10, pp. 6467-6472, 2003.

[12]M.Y.A. Ismail, "Analysis and Modeling of a Single Electron Transistor", M.Sc. Thesis, 2006, Arab
Academy for Science and Technology.

[13]Hasaneen EAM, Wahab MAA, Ahmed MG. Exact analytical model of single electron transistor for
practical IC design. Microelectron Reliab 2011;51(4):733-45.

[14] Amit Jain, Basanta Singh Nameriakpam , Subir Kumar Sarkar, " A new compact analytical model of
single electron transistor for hybrid SET-MOS circuits", Solid-State Electronics 104 (2015) 90-95.
[15]S. Mahapatra, V. Vaish, C. Wasshuber, K. Banerjee, and A. M. Ionescu, "Analytical Modeling of Single
Electron Transistor for Hybrid CMOS-SET Analog IC Design", IEEE Trans. Elect. Dev., VOL. 42, NO.

11, pp. 1772-1782, 2004.

[16]Qin Li, Li Cai, and Gang Wu: ‘Digital-Analog and Analog-Digital Converters Based on single-electron
and MOS transistors’, 2010, 8th IEEE International Conference on Control and Automation Xiamen,
China, June 9-11, 2010.

[17]C. H. Hu, S. D. Cotofana and J.F. Jiang: ‘Digital to Analogue converter based on single-electron
tunneling transistor’, IEE Proc.-Circuits Devices Syst., 2004, 10, Vol. 151(5): 438-442. 2004,10.

[18]C. Lageweg, S. Cotofana, and S. Vassiliadis: ‘Digital to analog conversion performed in single electron
technology’, in Proc. IEEE-NANO, 2001, pp. 105-110.

[19]C. Hu, S. D. Cotofana, and J. Jiang: ‘Analog-to-digital converter based on single-electron tunneling
transistor’, IEEE Trans. VLSI Syst., vol. 12, no. 11, pp. 1209—1213, Nov. 2004.

[20]M-J Chun and Y-h Jeong: ‘SET/CMOS universal literal gate-based Analog-to-Digital converter’, the 3rd
IEEE Conference on Nanotechnology, 12-14 Aug. 2003, Vol.2, pp.745- 748.

[21]C. H. Hu, J. F. Jiang, and Q. Y. Cai: ‘A single-electron-transistor-based analog/digital converter’, in
Proc. IEEE-NANO, 2002, pp. 487—490.

[22]C. Hu, S. D. Cotofana, and J. Jiang: ‘Analog-to-digital converter based on single-electron tunneling
transistor’, IEEE Trans. VLSI Syst., vol. 12, no. 11, pp. 1209—1213, Nov. 2004.

[23]S-W Jung, B-H Lee, and Y-H Jeong: ‘Digital quantizer based on single electron box for multi-valued
logic circuits’, Proceedings of 2005 5th IEEE Conference on Nanotechnology, Nagoya, Japan, July 2005:
156-159.

[24] Choong Hyun Lee, Se Woon Kim, Jang Uk Lee, Seung Hwan Seo, Gu-Cheol Kang, Kang Sup Roh,
Kwan Young Kim, Soon Young Lee, Dong Myong Kim, Member, IEEE, and Dae Hwan Kim: ‘Design
of a Robust Analog-to-Digital Converter Based on Complementary SET/CMOS Hybrid Amplifier’,
IEEE Transactions on nanotechnology, Vol. 6, No. 6, November 2007.

[25] Clemens Maria Hammerschied: ‘CMOS A/D converters using MOSFET only R-2R ladder Dissertation’,
Swiss federal institute of Technology, (2000).

23
DOI: https://doi.ore/10.54216/IJTWAC.000101




