0.S. Melnyk, V.O. Kozarevych, Y.M. Kushnirenko

Programmed Micro- and Nanostructures 29
AUTOMATION AND COMPUTER-INTEGRATED TECHNOLOGIES
UDC 621.382-022.532(045)
DOI:10.18372/1990-5548.82.19377
'0. S. Melnyk,

?V. 0. Kozarevych,
*Y. M. Kushnirenko

PROGRAMMED MICRO- AND NANOSTRUCTURES

Department of Electronics, Robotics, Monitoring & IoT Technologies
National Aviation University, Kyiv, Ukraine
E-mails: 'oleksandr.melnyk@npp.nau.edu.ua, ORCID 0000-0003-1072-5526,
*viktoriia.kozarevych@npp.nau.edu.ua, ORCID 0000-0002-4380-0927, *5344175@stud.nau.edu.ua

Abstract—The article examines controversial issues regarding the implementation of specialized, but at
the same time universal, large integrated circuits, which appear in the initial stages of automated
hierarchical design. To increase the efficiency of automated design systems, universal micro- and
nanocircuits with programmable logic have been created. The article offers effective methods of
programming multiplexer micro- and nanocircuits with programmable logic for implementing Boolean
and majority logic functions. The obtained results are used to configure the functional blocks of the
multiplexers. With the use of modern automated design systems, comparative modeling of logical micro-
and nanocircuits was carried out, which confirmed the adequacy of their work, as well as the advantages
of frequency and temperature characteristics of nanomultiplexer circuits.

Index Terms—Programmable logic structures; micro- and nanocircuits; logical functions; computer-

aided design; multiplexer.
I. INTRODUCTION

The programming of micro- and
nanomultiplexers does not provide for the possibility
of creating algorithms for processing input multi-
argument functions by changing work programs, as
is usually implemented by microcontrollers. It refers
to technological changes in the internal structure of
electronic circuits in such a way as to ensure the
synthesis of the necessary functions at the structural
and logical level.

II. ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS

Research in the field of programmed micro- and
nanocircuits is actively developing, and a significant
part of the attention of scientists is focused on the
automated hierarchical design of such systems. The
first significant breakthroughs in this field occurred
as a result of the development of multi-structural
systems built on the basis of universal functionally
complete modules. Such modules turned out to be
one of the promising trends in the development of
modern electronics [1]. These studies demonstrated
the possibility of automated design of micro- and
nanocircuits capable of implementing 16 two-
argument and 256 three-argument functions based
on multiplexers [2]. However, there are significant
difficulties in simplifying these schemes, which
causes excessive complexity in implementation and

their universal application. An important aspect of
the research was the improvement of the methods of
programming of micro- and nanocircuits for the
reproduction of various functions of the algebra of
logic [3], [4]. Scientists proposed effective
algorithms for automated programming of
microcircuits with a high level of integration, which
became the basis for the further development of
nanodevices with programmable structures [9].
Despite significant progress in this area, the task of
achieving effective automated design still remains
open, and today the problem of simplifying
algorithms and their adequate reproduction is the
subject of active discussions.

Special attention should be paid to the influence
of temperature regimes on the performance of
nanocircuits, in particular, operation at cryogenic
temperatures. Studies have shown that such
conditions can significantly affect the operation of
nanodevices, stimulating the search for new
approaches to improve their quality and stability of
operation [6]. The issues of synchronizing such
schemes also remain unresolved, which creates
additional challenges for their implementation. As a
result, the issues of improving the quality of micro-
and nanocircuits with programmable logic remain
relevant and require further research and
improvement.
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III. PROGRAMMING OF MULTIPLEXER MICRO- AND
NANOSTRUCTURES

To wuse multiplexers as universal logical
nanocomponents, the signals of some arguments of
the reproduced function are fed to the address inputs,
and the information inputs play the role of
programmable nanostructures. For a digital device
with two input variables x;, xo, four combinations of
arguments are useful: 00, 01, 10, 11, and this allows
the implementation of 16 different output functions.

The designation (a) of a multiplexer with two
inputs (2—1) is shown in Fig. 1. From the truth table

after the transformations, the function of the logic
algebra of the multiplexer (2—1) takes the form:

fuux = ADy,D,~ AD,D, v AD,D, v AD,D, W
=D, Av DA,

To reproduce two-argument functions, it is

necessary to carry out a transformation to obtain

disjunctive normal forms. For example, using de
Morgan's duality law (inversion) for the NOR

function, we get: f,=x, Vvx, gets f =XxX, and
implement the programming algorithm (1):
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Fig. 1. Two-input multiplexer (a), its micro- (b) and nanocircuits (c) and truth table (d)

Then, for four-time programming of one address
input with argument constants, it is necessary to
apply the following combinations of signals to two
information inputs:

A=Xx,D, =x,D,=X, or 0,
A=x,D =X or 0, D, =x,,
A=Xx,,D,=xD,=x,0r 0,D, =x,,
A=x,,D, =x,0r0, D,=x,,
IV. RESULTS AND DISCUSSION

From the above examples, the final programming
table of MNCL (2—1) multiplexers for the
implementation of 16 two-argument functions is
obtained (Table I). According to Fig. 1b, the two-
input MNCL was built on the basis of the CAD

design system Micro-cap 11 [7] (Fig. 2) from logic
elements (a) and from a separate element in one case
in the form of a macro diagram (b). In Figure 3
shows a diagram of the computer implementation of
the OR function on four MNCLs (a), which are
configured according to the transformation (2) and
column f'6 from Table I, as well as the results of its
simulation (b).

Quantum cellular automata (QCA) is a
computing paradigm, according to  which
information is represented by a certain configuration
of electrons in a QCA cell, which is formed from
one or two separate molecules [5]. Devices based on
this technology consist of nanoscale dielectric cells
with four quantum semiconductor dots located at the
corners and two mobile electrons.

The previously created MNCL on a two-input
nanomultiplexer (Fig. lc) is built on the basis of
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single-electron nanocircuits QCADesigner (Fig. 4a).
It consists of an address signal inverter A at the ME
input, the structure of which is programmed with a
zero polarization of — 1.00 to perform a conjunction
(AND) operation, and an ME output, which is

structurally programmed with a 1.00 polarization to
reproduce the disjunctive logic function fyux (1).
The results of modeling its time diagrams, which
completely coincide with the truth Table (Fig. 1d),
are shown in Fig. 4b.

TABLE 1. LoGICAL FUNCTIONS OF TWO ARGUMENTS FOR MNCL MULTIPLEXERS (2—1)
D, |0 T (0) F(0) F(O) xo | F(O) F(O) Fp | xo | xo | %o(Q) Xo | (L) x(D)] x(1) 1
LID oD [ x5 | x [ B[ 0] T % [ FO[ 0] T | o0 T (0 X5 [ xo | 0D
8 P I Il i il il Ml il Il il I Il Bl il Il
g Do [OD) | X5 | xo | 51 %,(0) (1) Xo | 5(1) %,(0) %o | xo(0) Xj(4) (0 %o | xo | OCL)
o' 2 [D: [0 T T(0) T(0) g [Tp0) X5 | Tp | oxp | xp | xe(A) xp | (1) x (1) x4 1
20 4 1 Xy X X Xy X0 X X X Xy X0 X X X X 1
i Do |z |7 & | 5 | T | 7 | 3 | 4 | % | % [ %0 x4 | 6 [ %) 1)
3[D: [x0)] & | xa(@ 70 x [Z(O] x | Fo() %0 % [ 200 = [ x (0] T x [ &1
Bh 4 Il w | ®m |0 % |0 B H | % | % |0 o |0 Yo | % | %
2 Do | x(0)]| X | % [(O) % [THO) x [T 0] T | x%0)] 7 | x40 @ x | (1)
&4 [ YO =) ® [ X [ %0 X [ F | x| x| % | X | %) x | x| X(1) x(1)
A x Xq Xq |1 xq |1 Xo X Xo Xo X X X x
010 0 [0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
11
010 T [0 i 0 1 0 1 0 1 0 1 0 1 0 1 0 1
1.1
01 0 [0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
1|0
0 y T |0 0 1 1 0 0 1 1 0 0 1 1 0 0 i 1
10
110 0 [0 0 0 0 1 1 1 1 0 0 0 0 1 1 i 1
0 1
10 T |0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1
011
I A1 0 [0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
00
1 A1 I |0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
0.0
Xl Xe
2| e . Tl |lollf 2 K
S 12w Bl |le B2 l>=|>|> ]~
Al |z '}j | W |ﬁ I P R I T B B
n ) o - w2 n R = M ,E " ~..5:'. " |L -
X1 | o S e = @ [ 3 S |32
NO AND2
A DANELH_VCC o >O — OR2
X0 Co—INeUT |inst3 /)7 T\2 QUTPUT Y rncl
inst . L
AND?2 inst2 A Y |
X0
X1 ee" _j X1
inst1 |
a) b)

Fig. 2. Two-input MNCL on microelements (a) and in the macro housing (b)

In addition, the computer design of a one-
electron MNCL with a configurable configuration
(Fig. 5a compared to Fig. 4a) and the choice of
programming for the fs XOR function (see Table 1)
were carried out:

A=x, x,(D)=7,

1°
and  xo (Do) = xo.
Checking the correspondence between the

simulation time diagrams (Fig. 5b) and the truth Table
I confirms the adequacy of the adjusted MNCL.

In addition, a comparison of the simulation
results of the oscillograms of micro- (Fig. 3b) and
nanocircuit (Fig. 5b) multiplexers allows us to
conclude that the curves completely match and
reliably reproduce the configured XOR logic
function.

V. CONCLUSIONS

Since the development of microelectronics based
on  metal-oxide-semiconductor  complementary
transistors is limited by quantum-technological and
small-scale effects, the article gives priority to the
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application of nanodevices with programmable
structures for the implementation of logic functions.
The developed algorithms Table I of the automated
modification of MNCL Figs. 3 and 5 confirmed the

el

a)

adequacy of the proposed models. However, the
disadvantage of single-electron circuits is the ultra-
low temperature range from 0 to 4K of their
operation.
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Fig. 3. Automated configuration of MNCL (a) and time diagram of the programmed XOR function (b)
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Fig. 5. Computer design of the MNCL on the spacecraft: (a) single-argument nanocircuit, (b) results of time simulation
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O. C. MeasHuK, B. O. Kozapesuy, 10. M. Kymmnipenko. Mikpo- Ta HaHocXeMH 3 KOH(IrypoBaHOI0 JIOTiKOI0

Y po0OTi pO3MIISHYTO aKTyajbHI NMUTAaHHS LIONO BIIPOBA/PKEHHS CIIEIiasli30BaHUX, aje BOJHOYAC YHiBEpPCAIBbHHX
BEJIMKUX IHTETPANbHUX CXEM, SIKi BUHHKAIOTh Ha TIOYATKOBHMX €Tarax aBTOMaTH30BAHOIO 1€PapXiYHOTO MPOEKTYBaHHSI.
Jlis minBuieHHs e(heKTUBHOCTI IUX CHCTEM 3alpOINOHOBAHO YHIBepCcajbHI MIKpO- Ta HAHOCXEMH 3 KOH(IT'ypOBaHOIO
norikoro. IlpencraBineHo eQeKTHUBHI MiAXOAW JO NpPOrpaMyBaHHS MYIBTHIUIEKCOPHHUX MIKpO- Ta HAHOCXEM JUIs
peamizauii OyJeBHX Ta Ma)KOpUTapHUX JOTiYHUX (yHKIiH. OTpUMaHi pe3ylbTaTd 3aCTOCOBAHO ISl HaJallTyBaHHS
(yHKIIOHAJIBHUX OJIOKIB MyJbTUILUIEKCOpIB. [IpoBeseHe MOENIOBaHHS MIKpPO- Ta HAHOCXEM 3a JOIOMOTOI0 CY4acCHUX
CHCTEM aBTOMAaTH30BAHOI'O NPOEKTYBAHHS MIATBEPAWIO iXHIO (PYHKIIOHAIBHY aleKBaTHICTh, a TaKOX BUSBHIO
NepeBark YaCTOTHUX 1 HEAOJIKU TEMITEPaTYPHUX XapaKTePUCTHK HAHOMYJIBTUILIEKCOPIB.

Karwu4oBi caoBa: xoH]IirypoBaHi JIOTiUHI CTPYKTYpH; MIKpPO- Ta HAaHOCXEMH; JIOTIYHI (DYHKIIi; aBTOMAaTH30BaHE
MIPOEKTYBAHHS; MYJIbTHIUIEKCOPH.
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