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Abstract. In engineering and science, high operating speed, low power consumption, and
high integration density equipment are financially indispensable. Single electron device
(SED) is one such equipment. SEDs are capable of controlling the transport of only one
electron through the tunneling transistor. It is single electron that is sufficient to store
information in SED. Power consumed in the single electron circuit is very low in
comparison with CMOS circuits. The processing speed of single electron transistor (SET)
based device will be nearly close to electronic speed. SET attracts the researchers, scientists
or technologists to design and implement large scale circuits for the sake of the
consumption of ultra-low power and its small size. All the incidences for the case of a SET-
based circuit happen when only a single electron tunnels through the transistors under the
proper applied bias voltage and a small gate voltage or multiple gate voltages. For
implementing a single electron transistor based voltmeter circuit, SET would be the best
candidate to fulfil the requirements of it. Ultra-low noise is generated during tunneling
SEDs. A D Flip-Flop is implemented and based on this, two kinds of registers like
sequence register and code register are made.
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1.

Civilization of mankind is advancing step-by-step in
every developing field for human benefit. It has been
conferred incalculable benefit to the human society from
technological end. Now civilized mankind is at the door
of more advanced and sophisticated technology that it
can get the desired result within a pico- to nanosecond,
i.e., in order of 10™® to 10™s. The more mankind is
getting successes, the more its responsibility is increasing
for inventing more unknown things. The tremendous
desire for invention of new things causes it to encounter
the challenges in the competitive world of engineering
and technology. In nano- and pico-electronics, one of the
challenges is to develop and integrate VVLSI based on a
new paradigm for digital processing. For getting so, one
must first look for or create a device which can perform
the logic operation in such a way that is completely
different from the way they are implemented by ordinary
BJT or CMOS. An approach to these new devices can be
built on the basis of the concept of single electron
tunneling under the control of proper small bias and input

Introduction

voltages. The fundamental component of any logic gates,
combinational as well as sequential circuits is called the
single electron transistor [1-3]. Depending upon the
tunneling mode and Coulomb blockade, the name of a
gate is designated.

In this work, an inverter, a 3-input NAND gate and
a sequential circuit acting as D Flip-Flop are
implemented. Having combined with them, two types of
registers are built. And finally, a control logic successive
approximation register is presented as a prime functional
unit in our present work — single electron transistor based
voltmeter.

2. Coulomb blockade and single electron transistor

A tunnel junction consisting of a thin insulating barrier
between the two conducting electrodes is shown in
Fig. 1a. The electrodes in this tunnel junction may be
superconducting or semiconducting if they become
superconducting, electrons with one elementary charge
(1.602x10° C) carry the current.
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Fig. 1b. Single electron transistor (SET).

In classical electrodynamics, current can’t flow
through an insulating barrier. But in the case of quantum
mechanics, there must be a non-disappearing (i.e., more
than zero) probability for an electron residing one side of
the barrier to reach the other side of it. If proper bias
voltage is applied, there will be a current flow.
Neglecting additional effects, in accordance with first-
order—approximation-tunneling, current is proportional to
the applied bias voltage. In the case of electrical terms, a
tunnel junction behaves as a resistor having a constant
value depending on the barrier thickness. If two
conductors are connected with an insulating layer
between them, there will have not only a resistance but
also a capacitance. In this context, the tunnel junction
acts as a capacitor and the insulator as dielectric. For the
discrete nature of electric charge, current flowing through
a tunnel junction is a series of events in which merely one
electron can pass or tunnel through the tunnel junction.
As the single electron tunnels through the junction, the
tunnel capacitance is charged with an elementary charge
(1.602x10*° C) building up a voltage V = e/C, where C is
the junction capacitance. When the capacitance of the
tunnel junction is drastically small, the voltage built up in
the tunnel junction may be adequate to prevent another
electron to tunnel. The electrical current is suppressed
then as the bias voltage is lower than the voltage created
in the tunnel junction, and the resistance of the device
will no longer remain constant. The increment of the
differential resistance of the tunnel junction around zero
bias is called the Coulomb blockade [3, 4].

The principle of single electronics [4-6] s
developed on the basis of the Coulomb blockade and
single electron tunneling. Single electron tunneling
circuits appear to be a promising candidate for future
VLSI circuits for its ultra-low power consumption, ultra-
small size, reducing node capability and rich
functionality. A single electron transistor (SET) [4, 5]
with two tunnel junctions shown in Fig. 1b having
capacitances and resistances C;, C, and R;, R,
respectively, shares only a common island with a low
capacitance. The electric potential of the island can be
tuned by a third electrode, called gate, which is
capacitively coupled (gate capacitance Cg) to the island.
An extra capacitance Cy; may intentionally be connected
to the island for the purpose of adjusting the gate (input)
voltage. The drain, source and gate voltages are indicated
by Vy, Vs and V,, respectively. For proper operations of
SET both of the resistances R; and R,, are to be greater

than Rqg= h/e2 ~258kQ, and charging energy
Ec =€%/2C (C=Cy + Cy+ Cy + Cy) has to be greater

than thermal fluctuations KT, i.e, E. =e2/2C > kT, the

product of the Boltzmann constant k and the temperature
T. The Boltzmann constant value is 1.380649x10 * J/K
or 1.380649x10"° erg /K.

3. Inverter

The inverter [7-10] depicted in Fig. 2a is constructed
with two single SETSs in series connection. Input voltage
is directly coupled to the islands of SET1 and SET2
through two capacitors C; and C,, respectively. The
island of each SET is a very small piece of gold having
total capacitance Cy = 1pF. The two extra gates Vg and
Vg, are intentionally connected to the islands of SET1 and
SET2 through two capacitors Cgq; and Cg,, respectively,
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Fig. 2a. Inverter.
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Fig. 2b. Symbol of an inverter.
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The operation of the inverter will be like this: the
output V, value will be high when the input voltage Vi, is
low, and V, value will be low when the input voltage is
high. For achieving this target, the applied bias voltage
Vg1=0 and Vg =16 mV along with the tuning gate
voltages (at present V;,) of SET1 and SET2 are provided.
Now, if Vj, is low, the SET1 is in conduction mode and
the SET2 is in Coulomb blockade.

This effectively results the output to voltage V, and
causes the output voltage to high, i.e., this effectively
connects the output to the supply voltage and makes the
output high. Coulomb blockade interferes the steady flow

Cy=0.5aF of current as when the high voltage is applied to the input
Fibea it causes to shift the induced charge on each of the islands
Ri=100K of these two SETSs by a fraction of an electron charge and
Vs=16mv keeps the SET1 in Coulomb blockade and SET2 in
conducting mode. As a result, the output shifts from high
to low.
_ _ _ ) In this work, we assume the Boolean logic inputs
Fig. 2c. Simulation set of inverter. corresponding to the voltages like: logic “0” = 0 V and
logic “1”= 0.1q,/C .
e We assume, for simulation and other purposes,
0,00 1019
C=1aF then logic “1” = 0.1% 0.1
1-10™
0.1-1.602:10%=16.02-10"° 16.02 = 16 mV.
Vin . . .
4. Single electron transistor based 3-input NAND gate
By using six single electron transistors (SETS), a 3-input
NAND gate [2, 3, 11, 12] can be constructed as depicted
o e = u_f‘ in Fig. 3a. SET circuits are configured as CMOS circuits,
Yy the pull up transistor (upper three parallel transistors)
et called p-channel (P-SET) is tied to Vy and the pull down
transistor (lower three transistors connected in series)
called n-channel transistor (N-SET) tied to ground. The
p-channel has thrice the area factor of the n-channel SET,
Vo which is equivalent to setting thrice the gate width.
Vd
0.0 = Source | Source
0.0 fe.0l s
(LT Vin1 _| | _(l:
Fig. 2d. Simulation result of inverter. clmm ! ! Dran
R — 5 Vo
) ) éomn J_CL
to tune the induced charges on the islands of SET1 and Vin2 I I
SET2. The output terminal V, is connected to the lClz . -
common channel of the two SETs and to the ground via a Z ouee
capacitor C, to put down charging effects. Drain
For the case of inverter, the parameters values I}
1 G u
chosen are: Vg, =0, Vg, =0.19,/C, C.=9C, t, :BC , E soures
Drain
Vin3
t=C, t=1C, t=—C, q=2cC, ¢,=1c, - 1
2 2 10 2 2 G %Source
17 17 =
Cq :TC and Cyp :TC , R1 =R, =100 kQ. For the
simulation cases the value of C, as we consider, is 1 aF. Fig. 3a. 3-input NAND gate.
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Fig. 3b. Simulation set of 3-input NAND.
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Fig. 3c. Simulation result of 3-input NAND.

For the case of SET 3-input NAND gate, the upper
three SETs called p-channel SETs (P-SETs) are
connected in parallel and the lower three SETs called n-
channel SETs (N-SETs) are connected in series. When
these both input voltages Vi, Vin and Vi,z are high, the
lower three SETs are in tunneling mode, and single
electron is passing through them and virtually the output
V, connected to ground which leads to low value. On the
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other hand, if anyone or both of the inputs Vi, Vi, and
Vi3 are low, N-SETs are in Coulomb blockade and the
output is pulled to V4 by P-SETSs, which (either one or
both) are in tunneling mode and the resultant output
becomes high [13, 14].

To simulate the 3-input NAND gate, the parameters
values chosen are: C_=9aF, Drain=0.5aF, Source =

— — — 17

=0.5aF, C,=C,=0.5aF, Cgl _ Cgl :?C =4.254aF,
R; =R, = 100 kQ, high logic voltage is 16 mV and low
logic 0 V. The simulation result is shown in Fig. 3c.

5. Implementation of a D Flip-Flop

Using the tunneling phenomenon for the case of SETs
and the setting pattern of them, we will be able to
implement of a universal NAND gate [4, 5, 7, 14] and
based on that any combinational as well as sequential
gate/circuit can be constructed. We are interested in
constructing a D Flip-Flop with the help of a 3-input
NAND gate shown in Fig. 3a as well as Fig. 3b. In quest
of a D Flip-Flop having the input side as “Set”, “CLK”,
“Data” & “Reset” and the output side as Q and Q,
anybody can set six 3-input NAND gates [15, 16] in the
pattern shown in Fig. 4 to create a D Flip-Flop. The result
of this Flip-Flop is provided in Table 1.

The truth table given in Table 1, we have assumed a
Trigger Condition = 0 to 1, which represents a rising edge
clocked Flip-Flop; Set/Reset level in our case = 1.

6. Successive approximation type analog-to-digital

Successive  approximation  type  analog-to-digital
converter (ADC) is widely used in multi-meter, voltmeter
and popular ADC method. The conversion time is kept
constant in this type of ADC method, and is proportional
to the length of word, i.e., how many output bits from
MSB to LSB in the digital output, unlike the counter and
continuous type A/D converters. The basic principle of
this type of ADC is being that the unknown analog input
voltage to be measured is approximated against a 5-bit
digital value, in this paper, by trying one bit at a time,
commencing with the most significant bit. The successive
approximation process for a 5-bit conversion is explained
here. This type of analog-to-digital conversion is
operated by successively dividing the voltage range by 2,
as explained in the following steps.

Table 1.
Inputs Outputs
D CLK Set | Reset Q Q
0 4lo 0 0 0 1
1 flo | o 0 1 0
Oorl 4lo 1 0 1 0
Oorl 41o 0 1 0 1
Oorl 411 1 1 Last Q Last Q
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Fig. 4. SET based D Flip-Flop.
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At the getting started, (1) MSB is initially set to 1,
i.e., the first register (FF1) output level for a five-bit
register is unity with the remaining four bits set as 0000.
The digital equivalent voltage Vp (10000, = 164) is now
compared with the unknown analog input voltage. (2) If
the analog input voltage is higher than the digital
equivalent voltage 16,5, MSB is kept the same as 1 and
the second MSB (4™ bit from LSB) is set to 1 otherwise,
MSB is set to 0 and the second MSB (4" bit from LSB) is
set to 1. In both cases, either the unknown voltage is
higher or lower than the reference voltage, one must set
the second MSB 1. Comparison is made according to
step 1 to decide whether to retain or reset the second
MSB and so on.

The above steps can be illustrated using the
following example. Let us assume that the 5-bit ADC is
used, and the analog input voltage is V4 = 9.5 mV. At the
time of getting started conversion, the MSB bit is set to 1.
We have taken the scaling factor = 2, so the scaled value
of 9.5 is equal to 2-9.5 = 19.

Now V,=19>Vp=16=[10000],. Here, the
unknown input voltage V. =19 is higher than the digital
voltage Vp, as described in the step 2, MSB will be kept
the same as 1 and the next MSB bit will be set to 1 as
follows: Vp =24 V =[11000],.

Now V=19 <Vp =24 =[11000],. Here now, the
unknown analog input voltage V, is lower than the
equivalent digital voltage Vp. As discussed in the step 2,
the second MSB is set to O and next MSB set to 1 as
Vp =[10100], = 20.

Now again V=19 <Vp=20=[10100],. Like to
that discussed in the step 2 V4 < Vp, hence the third MSB
is set to 0 and the 4™ MSB bit is set to 1. The new code
word is Vp = 18 = [10010],.

Now again V,=19> V=18V =[10010],. The
unknown input voltage V. =19 is higher than the
equivalent digital voltage Vp, as discussed in the step 2
above, MSB should be kept the same as 1 and the next
MSB bit, here it is LSB, of course, is set to 1.
Vp =19 = [10011],. VA =19 = [10011],.

Table 2.

5-bit Eqvt. Voltage 5-bit Eqvt. Voltage
word (mV) word (mV)
00000 0 10000 8.0
00001 0.5 10001 8.5
00010 1.0 10010 9.0
00011 15 10011 9.5
00100 2.0 10100 10.0
00101 2.5 10101 10.5
00110 3.0 10110 11.0
00111 35 10111 11.5
01000 4.0 11000 12.0
01001 4.5 11001 125
01010 5.0 11010 13.0
01011 5.5 11011 13.5
01100 6.0 11100 14.0
01101 6.5 11101 14.5
01110 7.0 11110 15.0
01111 7.5 11111 15.5

Now finally, V,=Vp, conversion stops. So, the
value of the unknown voltage =[10011],=19 (scaled
value).

. . 19

And its real value is equal to 5= 9.5mv.

This unknown value measurement process is
depicted in Table 2.

5 bit value X(Ref. V)

Equt. Volt, = ;—gx (5 bit value) = 0.5 (5 bit value)

We assume that the analog voltage is 9.5 V, then we
obtain the output bit word (10011) from the above
discussion. The process is pictorially represented in
Fig. 5.

The unknown input, reference voltage value,
different stages of comparisons and the final digital
output of five bits are shown in the binary tree in Fig. 6.
Any of the values in the leaf stages of the tree can be
obtained against the root value by Fig. 6 after the time
duration between start-of-conversion (SOC) and the end
of the conversion (EOC).

7. Voltmeter

The main part of the architecture of voltmeter is the
“control logic SAR” unit, which consists of two parts:
(i) sequence register and (ii) code register. The code
register acts as control logic. The combined form of (i)
and (ii) parts is referred to as the successive
approximation register (SAR) [17]. SAR is operative to
determine the value of each bit in a sequential manner,
in accordance with the output coming from comparator.
SAR gets started the conversion cycle by putting the most
significant bit, MSB, of the word, equal to 1, keeping all
the other bits of the word equal to 0. The word created,
i.e., 10000 is applied to the digital-to-analog converter
(DAC) which converts the digital word into analog value,
that is one half the conversion range, i.e. V/2. This
value is now compared to the unknown input voltage Vi,
to be measured.

11000

1/0100

[ 10000

L Vasvb | | | VA<VE

| 5th bit=1 | 4th pit= LSB=1

O=2MNWhkOo-

time

Fig. 5. Graphical representation of evaluation of digital value.
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If Va>Va ?
If Ve>Va ?
S S
IsVe>Vao |Yes, 00001 00001
Yes,00010 | [res———090010
Is Ve>Va? No, 00011 00011
es
’ IS VB>VA? YES 00101 00101
No, 00110 —[;E‘:““”"
No, 00111 00111
Is Ve>Va? == 01000
Yes, 01000 Is Ve>Va? Yes, 01001 01001
No, 01010 —[EUNHU
Is Ve>Va? No, 01011 01011
No, 01100 —[;:01100
IsVe>Va? | Yes, 01101 01101
No, 01110 ;:5 01110
Va No, 01111 01111
Vs= b3b2b2b0 = —E::: 10000
10000 Is Ve>Va? Yes, 10001 10001
Yes, 11001 [E?:“’m
Is Ve>Va? No, 10011 10011
Yes, 10100 IsVe>Va? | Yes, 101001 10101
No, 11011 [r= 10110
Is Ve>Va? No, 10111 10111
Is Ve>Va? |Yes, 11001 11001
11010
Yes, 11010 ::5
Is Ve>Va? No, 11011 11011
No, 11100 E;zi“m
Is Ve>Va?  [yes 11101 11101
No, 11110

11111

No. 11111

Fig. 6. Conversion sequence of 5-bit successive approximation A/D.

The operation of SAR is as follows.

At the beginning, we connect the RST input to the 0
input level, and it controls the SET input (Fig. 7) of the
1*" Flip-Flop (FF1) of the sequence register and RESET
inputs of all the remaining sequence registers Flip-Flops.
The same RST bus also controls the RESET inputs of
code register Flip-Flops (CFFs). The outputs of Q and Q
of the 1% Flip-Flop (FF1) are set to 0 and 1, respectively.
The output of Q controls the SET input of the first Flip-
Flop (CFF1) of the code register. As a result, the output
of CFF1 is enforced to 1. This enforced 1 will be the
most significant bit (MSB) of the code register and will
be the weight, while the full scale range of voltage is
Vit /2.

As the sequence register is reset at first, the set line
of all the code registers Flip-Flops is at logic 0 unlike
CFF1. So, all the other code register outputs, of course,
are at logic 0. Hence, MSB of the code register becomes 1,
and all others are at logic 0s. DAC will generate the
corresponding weighted analog equivalent voltage. This
analog quantity is delivered to one input port of
comparator. The other input terminal of the comparator is
connected with sampled V;, of the unknown voltage. The
comparator output is now (d4), which is either 1 or 0.

At the time when the RST input goes high and clock
is triggered positively, the output Q of FF1 becomes 0
(Table 1). As is shown from Fig. 7, the D input of FF1
register array is set to ground and second Flip-Flop (FF2)
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| Sequence Registor
SET
Q
b 145 10 b Pr—1p 1D
= |FF1 |= FF2 |-~ FF3 | = FF4 |~ FF5 | = FF6
Q Q Q Qr L |9
’7 ’7 RESET ’7 RESET ’7 RESET) RESET) ’7 RESET
clock |
From Comparator
SET
Lema| Lgqe| Ligme| Lige | Ly
CFF1 CFF2 CFF3 CFF4 CFF5 Code
Registor
r RESET r RESET] r RESET| r RESET r RESET
d4 [MSB) d3 d? di d0 [LSB)
Fig. 7. Control logic SAR.
output logic becomes 1 (as RESET is high so FF2’s logic Step 1:

value equals 1). The low level to high level transition of
FF2 definitely triggers 1% Flip-Flop (CFF1) of the code
register to store control bus value d, of the comparator
output to CFF1. Till now, when the clock signal runs
further, the code register Flip-Flop retains the set value as
FF2 output goes to zero.

The same procedure is followed for each of Flip-
Flops, until after 5-clock cycles a high logic, i.e., 1 comes
out of last sequence Flip-Flop FF6, which controls the
least significant bit (LSB) of the code register. After 5-
clock cycles, end-of-operation is finished, and the digital
output is shown at the screen of the LED/seven-segment
display (Fig. 7a).

8. Control logic SAR

The contents of the control logic SAR register represent
the digital outcome shown by the LED/seven-segment
display of the completed conversion. This SAR consists
of a sequential registers and code registers providing
finite-state machine (FSM) that generates the sequence of
states shown in the following Table 3 (wherein the case
of the number of bits being i = 5 has been considered, for
simplicity).

The sequence unfolds as follows: in step 1, the
initializing configuration is enforced with a value 1. Over
the following steps, three actions are possible on the
single bit: enforcement of the attempt 1, result of the
decision from the comparator and memory of the
preceding value.

For the case of a successive approximation
algorithm, one can describe Table 3 by the following.
Initial step MSB bit =1, and remaining 4-bits are 0s.
This bit word is converted into analog value by DAC and
is being passed through the comparator for comparing
with an unknown voltage. The output signal from
comparator is d.

This d, is kept in MSB position (2™ row in Table 3) and
the second MSB position is filled with 1 and the rest
positions by 0s. The word [ds 1000] is passed through
DAC and comparator as done in initial step, and we get
the output signal from comparator as ds.

Step 2: The two bits d, and ds; are kept in MSB and 2nd
MSB positions and the 3" MSB is set to 1, the remaining
two positions are filled with two 0 s. Now the word [d,4 d3
100] is passed through DAC and comparator as done in
initial step, and we get the output signal from comparator
as d,.

Step 3: The three bits d,, d; and d, are kept in MSB, 2nd
MSB and 3™MSB positions and the 4™ MSB is set to 1,
the remaining one position is filled with one 0. Now the
word [ds, ds3 d, 10] is passed through DAC and
comparator as done in the previous step(s), and we get
the output signal from comparator as d;.

Step 4: The four bits d4, d3, d, and d; are kept in MSB,
2" MSB, 3™ MSB and 4" MSB positions and the 5"
MSB, which is now LSB is set to 1. Now the word [d,4 d3
d, d; 1] is passed through DAC and comparator as done
in the previous step(s), and we get the output signal from
comparator as dy.

Step 5: The last signal dy coming from comparator is set
to LSB position. Processing is completed, and we will get
the binary output [d4 d3 d, d; dg].

Table 3.

Conversion Digital-to-analog Output of
step input word comparator

1 1 0 0 O 0 dy

2 d; 1 0 0 0 ds

3 dg d; 1 0 0 d,

4 dy d3 dy 1 0 d;

5 dg d3 dy dy 1 do

Result dg d3 dy di do -
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Sampled Vin

dg(MSB)

Vref comparator

output 0 or 1

weighted

analog
voltage

Vin | Sample and
Hold
clock dg(MSB) d3 dz d1  do(LSB)
Reset CONTROL LOGIC
SAR

d4

d3| d2| d1 do

Fig. 7a. Voltmeter.

This word [d4 ds d, d; do] of 5 bits is the digital
value of the input unknown voltage, which we can get
from the logic control SAR shown in Fig. 7a.

9. Time delay

For a CMOS/TTL logic gate the time delay/processing
delay for a gate like NAND, NOR, XOR is 12 ns [7, 18],
on the contrary the time required for tunneling through a
SET is approximately 4 ns [4, 5]. The XOR gate using
conventional logic circuits needs 16 transistors, whereas
this function can be implemented with just one SET
[2, 4-6], i.e., no. of nodes are reduced to 1 instead of 16.
All the gates and devices drawn in Fig. 1 through 3
are combinational. Fig. 4 is sequential. The inverter
consisting of two SETs takes 8 ns for tunneling. The
three input NAND gate is made up of six SETSs, it
requires total tunneling time 16 ns, since upper three
SETs need only 4 ns for tunneling, and lower three SETs

Table 4.
Circuit name SET Circuit delay (ns)
Inverter 4%x2=8
3-input NAND 4x4=16
SET 4x1=4
XOR 4x1=4
D Flip-Flop 16 x2=32
Single step for SAR 32 x2=64
SAR 32 x2x6=384

need 3x4 = 12ns. D Flip-Flop implemented requires
16 x 2 = 32 ns for the same purpose. The time it requires
for control logic SAR drawn in Fig.8 to tunnel is
(32 x 2) x 6 = 384 ns, i.e., time duration between start-of-
conversion and end-of-conversion is 64 ns. Table4
provides us the tunneling times for different components.
Graphical representation of Table 4 is shown in Fig. 8.
From Table 4, we can find the output rate for

1 10°

= 2604167 Hz.
384ns 384

control logic SAR is

Tunneling Time for Different SET-based Components

Tunneling time(ns)
100 150 200 250 300 350

50

XOR  D-FF  1Step

——
v NAND SET

SAR

Name of Components

Fig. 8. Tunneling time vs components.
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10. Switching energy

For switching energies required for AND, OR, NOR,
NAND and Inverter are 10.8, 10.8, 10.7, 10.7, and
10.4 meV, respectively [19]. Depending on these, the
switching energies necessary for the 3-inpur NAND gate,
D Flip-Flop and square SAR circuit in this work are
given in Table 5. It is really clear that the energy required
will be of order O (10'®). So, very negligible energy is
required in comparison with our conventional TTL-,
JFET- or CMOS-based gates O (10°°). Table 5 values are
represented by the graphical representation given in
Fig. 9.

Some relevant comparison between CMOS and SET
are also attached in Table 6 [16].

Switching Energy Vs SET-component

Switching Energy=e”(-18) [Joule)

AND OR 3NAND SAR

Inv.

SET-Based Companents

Fig. 9. Switching energy vs components.

Table 5.
Gate name Required elements | Energy (Joules)
AND thirteen (13) 1.73016 ¢
OR thirteen (13) 1.73016 18
3-input NAND nineteen (19) 2.52869 e 18
Inverter nine (9) 1.197803 ™8
SAR eighty seven (87) | 11.578763 ¢
Table 6.
CMOS circuit | SET circuit
Switching speed 105 1085
Operating temperature > 300 K <300 K
Current range nA electrons
Voltage range 100 mV 16 mV

11. Conclusions

In this work, we have elaborately discussed concerning
control logic SAR with two sets of registers: the sequence
and code ones. The digital-to-analog converter is not
discussed here separately. DAC is made up of a ladder
resistor circuit and an amplifier. Both the sequence and
code registers are made up of registers that are also
implemented with D Flip-Flops made up of single
electron transistors. As to SED based voltmeter, we have
implemented it as consisting of three parts: (i) digital
word controlling part, (ii) digital-to-analog converter and
(iii) comparator. After properly connecting them, the
unknown voltage ranging between 0 and 16 mV can be
measured in the digital word of five bits. We have studied
the time delays both for CMOS/TTL logic and SET based
logic and found that SET related circuit at least 3 times
faster than CMOS/TTL based classical logic. The
switching power in the case of SET based devices are of
the order of O (10™"), which is very low. Single electron-
based devices have turned out to be valuable tools in the
research of science and engineering fields. They have
drawn one’s attention as the SET-devices that consume
very low power and require a small number of nodes,
which provides higher order integrity of population (i.e.,
large-scale integration) and gives the output rate much
better than O (10°°).
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BumipioBaHHs1 HeBiIOMOI HANIPYTH 32 I0NIOMOTI0I0 BOJIbTMETPA HA OCHOBI 0/IHOEJIEKTPOHHOI0 TPAH3UCTOPA
A.K. Biswas

AHoTanis. Y Haylli Ta TeXHilll BUCOKa po00oYa IIBHUJKICTh, HU3bKE CHOXKMBAHHS €HEeprii Ta 00JiaHaHHs 3 BUCOKOIO
HIUTBHICTIO iHTerpamii € (GiHaHCOBO HEOoOXimHUMH. OTHOCIEKTPOHHHH MPHUCTPiIH — MPUKIAI TAKOTO OOJaJHAHHS.
OJIHOEJIEKTPOHHI TPUCTPOi 3AaTHI KOHTPOJIOBATH IIEPEHECEHHs JIMIE OJHOrO EJEKTPOHA Kpi3b TYHEJIbHHUH
TpaHsuctop. CaMe OJHOTO €JIEeKTpOHa BUCTAYMTH s 30epiraHHs iHpopmamnii B OJHOEIEKTPOHHOMY MPHUCTPOI.
IToTyXHICTB, SIKa CIIOKUBAETHCSA B €IWHOMY E€IIEKTPOHHOMY JIAHITIO31, € MyXKe HU3BKOIO y MOPIBHSIHHI 31 CXeMaMu
CMOS. IlIBuakicth 00pOOKM MPHUCTPOIO Ha OCHOBI OJHOEJIEKTPOHHOTO TpaH3HCTOpa Oyne Maibke HaOJMKeHa /0
MIBUAKOCTI €JEeKTpoHa. BHKOpHCTaHHS OJHOENEKTPOHHOTO TPAaH3UCTOpA 3allydyae JMAOCIIIHHKIB, BUCHHX abo
TEXHOJIOTIB JI0 MPOEKTYBaHHS Ta peaizallil BeIMKOMACIITAOHUX CXEM 3a]UIsl CIIOKMBAHHS HaJIHU3bKOT ITOTY>KHOCTI Ta
ii Manux po3MipiB. Yci mporecu y cxemi Ha OCHOBI OJJHOCJICKTPOHHOTO TPAH3UCTOpa BiAOYBAIOTHCS, KOJH TIIBKU
OJIMH €JIEKTPOH TYHEJIIOE KPi3b TPAH3UCTOPH IIiJ] HAJIeKHOIO HANPYTo0 3MILIEHHS Ta MAJIOI0 HAaNpyTrolo 3aTBOpa abo
Mi/BUILIEHOIO Harpyrotoo 3arBopa. s peamizamii €AMHOI CXeMH BOJBTMETPAa HA OCHOBI OJHOEIEKTPOHHOTO
TPaH3UCTOPa, OJHOEIEKTPOHHHUI TpaH3UCTOp OyJe HaWKpaluM KaHAMJIATOM JUIs BUKOHAHHS Takux BUMOT. ITix yac
TYHEJIOBAHHS B OJHOEJIEKTPOHHOMY MPHCTPOi T€HEPYEThCS HAMHU3bKHUI piBeHb 1mymy. PeamizoBano D Flip-Flop, i
Ha OCHOBI IIbOTO CTBOPIOIOTHCS JIBA THITH PETiCTPIB, TaKi sIK PETricTp MOCTITOBHOCTEH Ta PETICTP KOY.

KiouoBi ciaoBa: TyHemOBaHHS eJNEKTPOHA, KYJOHIBCbKAa OJOKaza, OIHOENEKTPOHHMH TPAaH3HUCTOP, PETicTp
MIOCJTLTOBHOTO HAOMMKEHHS.
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