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Abstract—The article is devoted to the analysis of topical antagonistic issues regarding the
implementation of new computer programming methods that can be used to reproduce heterogeneous
binary functions of several arguments based on micro- and nanoelectronic multiplexer modules. The
growth of specialization of modern large integrated circuits comes into conflict with their universality,
which increases the cost of design work and reduces the production volumes of typonominal devices. The
trade-off between specialization and versatility should be minimized by computer-aided design of micro-
and nano-sized modules with programmable logic. Programming is not performed to create algorithms
for processing discrete information, as implemented by a microprocessor, but by logical settings of
multiplexer micro- and nanodevices. The results of the combined simulations obtained in the work
confirm the equivalence of their functioning, as well as the advantages of cell-based Coulomb
nanomultiplexers in reliability, technological scalability, energy efficiency, speed, and disadvantages in
exclusively cryogenic ultra-low temperature applications. Obviously, the evolution of microelectronics
will continue only in the context of the widespread introduction of nanoscale modules with new functional
principles of operation.
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design, multiplexers.
[.INTRODUCTION

Programming of micro- and nanoelectronic
multiplexer devices does not involve creating
algorithms for processing input multi-argument
functions by changing the working programs, as is
usually implemented by microprocessors. It
concerns technological changes in the internal
structure of nanoelectronic circuits in such a way as
to ensure the implementation of the necessary
functions at the structural-logical level.

II.ANALYSIS OF RECENT RESEARCH

Experiments in the field of programmable micro-
and nanomodules are actively developing, and a
significant part of the attention of scientists is
focused on the computer design of such systems.
The first significant developments in this field
occurred as a result of the creation of multi-structure
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 microelectronics [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 circuits,
which leads to excessive complexity in
implementation and their universal application. An
important aspect of the research was the
improvement of micro- and  nanocircuit

programming methods for reproducing various
functions of Boolean algebra and majority logic [3],
[4]. The 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 logic [6]. Despite significant progress
in this area, the task of 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 is paid to the issue of the
influence of temperature conditions 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
temperatures [8], [9].

III.PROGRAMMING UNIVERSAL LOGIC
NANODEVICES

To use universal logic nanomodules, signals of
various arguments of the function being reproduced
are fed to the address inputs, and the information
inputs act as programmable. For a digital device
with two input arguments xi, xo, four discrete
combinations are possible: 00, 01, 10, 11, and this
allows us to synthesize 16 different output functions.

Figure la shows the graphic designation of a
two-input multiplexer (2—1).
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Fig. 1. One-input multiplexer (a), its truth table (b) and equivalent micro- (¢) and nanocircuits (d)

According to the truth table (Fig. 1b) and the
equivalent microcircuit of the (Fig. Ic), after
algebraic transformations, the disjunctive normal
form (DNF) of its logical Boolean function B is
obtained in the form:

1y = AXX, Vv Ax,x, v A% x, v Ax,x,. (1)

To implement Boolean functions of several
arguments, it is necessary, first, to obtain their DNF,
and, second, to create a micromodule programming
algorithm for their synthesis. For example, using the
de Morgan duality law [4] for the logical function of

the inversion of the disjunction f =x, vx, we

obtain the DNF f, =XX,, and implement the
programming algorithm by comparing the DNF of
the function f, with the function (1).

Thus, to program one address input A, variations
of signals x; and xo should be applied to two
information inputs D; and Do of the itself
micromodule. Table I illustrates the results of the
formation of programming functions f,: for it and, in
fact, the reproduction of the NOR function by the

multiplexer itself fy,x = f;-

TABLE L. PROGRAMMING A MICROELECTRONIC MULTIPLEXER MODULE
A D1 Do Jor Juux
X, X, or0 X, Dx,(0)v Dyx, 5% = f—x v,
) X, or 0 X Dyx,(0) v DyX,
X X X, or 0 Dix, v Dyx, (0)
X X, X, or 0 D%, v Dyxy(0)

In a similar way, for the equivalent nanocircuit of
a two-input multiplexer (Fig. 1c), created on the
basis of majority elements (ME), its majority

function fim is obtained in the form:
fM = maj[maj(A,xl,O), maj(AaxO’O)’ 1]’ )

where the marking maj is a majority operation of

selecting the majority of binary values from an odd
number (in this case three) of input arguments [5].

The majority choice function (2 out of 3) in
canonical or decimal forms has the form fi,= > (011,
101, 110, 111) = (3, 5, 6, 7). Table II lists four
options for programming a nanoelectronic single-bit
assembled from three MEs and one inverter
(Fig. 1d).
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TABLEIL. ~ PROGRAMMING A NANOELECTRONIC MULTIPLEXER MODULE
A D Dy Sfor | Suux
X, maj(x,,%,,0) maj(x,,x,,0) Dx,(0)v Dyx, Function (2),
X, maj(x,,x,,0) maj(x,,%,,0) D,x,(0)v D,X, fi=x v
X, maj(Xx,,%,,0) maj(x,,x,,0) Dxx, v D,x,(0)
X maj(x,,,,0) maj(x,,x,,0) Dy, v Dy (0)

IV. DISCUSSION OF THE RESULTS OF
PROGRAMMING MICRO- AND NANOMODULES

According to Fig. lc, a two-input multiplexor
was built on the Multi-Cap II CAD workspace [4].
Fig. 2 shows the microcircuits of the computer

implementation of the logical NOR function on four
multiplexors (a), which are programmed according
to the transformation (1) and Table 1, as well as the
results of identical simulations of four corresponding
timing diagrams (b).
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Coulomb quantum cellular automata (QCA) are
an example of majority modeling, according to
which binary information is encoded by two
diagonally arranged electrons in a QCA cell [8].
Single-electron nanodevices based on quantum

b)
Fig. 2. Computer programming of the micromoduls (a) and results of simulation their oscillograms (b)

technology consist of nanoscale dielectric cells that
have four semiconductor quantum Coulomb islands
in the corners, and two free electrons that tunnel
between them inertially. The previously created
nanoelectronic circuit of the (Fig. 1d) is now
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reproduced on the QCA (Fig. 3a) as an initial task
for modeling on the QCADesigner CAD [5], [6]. It
consists of an inverter of the address signal A at the
inputs of the majority modules with programmable
logic in the form of a negative polarization of —1.00
to perform the logical multiplication operation in
equation (2). The output ME is programmed with a
lrace Visible
|-
[ Il
B0
By
X Clock0
X Clock1
X Clock2
X Clock 3

Fig. 3.

IV.RESEARCH PROSPECTS

The authors consider the development of new
methods for programming nanomodules based on
majority logic to be promising, since further
miniaturization and increased performance are
possible only with the introduction of single-electron
nanodevices. In addition, research directions that
contribute to the development of spintronics and
biomolecular  electronics  nanomodules  are
promising [4].

V.CONCLUSION

Since the development of microelectronics based
on complementary  metal-oxide-semiconductor
transistors is limited by small-scale and quantum-
technological effects, the article gives priority to the
use of nanomodules with programmable logic for the
implementation of Boolean and majority functions.
The developed algorithms (Tables I and II) of
automated programming of micro- and nanomodule
(Figs 2 and 3) confirmed the adequacy of the
proposed models. However, a significant drawback
of single-electronic nanomodules remains the
exclusively cryogenic temperature range, which
currently determines their reliable operation only in
space conditions.
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O. C. Meabnuk. Hanonpucrpoi 3 MaKOpUTaAPHUMH CTPYKTYpPaMu

CrarTIoO TPUCBAYCHO aHANI3y aKTyaJllbHMX aHTaroHICTHYHUX MUTaHb II0J0 BIPOBA/DKEHHS HOBUX METOJIB
KOMIT'FOTEPHOTO MPOrpaMyBaHHs, SIKi MOXKYTb OyTH BUKOPHCTaHI JJIsl BIATBOPEHHsI T€TEPOreHHUX OIHApHUX (YHKIIH
KIJIBKOX apryMEHTiB Ha OCHOBI MIKpO- Ta HaHOEJEKTPOHHUX MYJBTHIUIEKCOPHUX MOJIYJIB. 3pOCTaHHsS cHewiaizarii
Cy4YacHHMX BEJMKHX IHTErpajbHHUX CXEM BCTYNa€ B CYNEPEUYHICTh 3 iXHBOIO YHIBEPCANBHICTIO, 110 30LIbIIyE BapTICTh
MPOEKTHHUX POOIT Ta 3MEHIIY€E 0OCSATH BUPOOHUIITBA TUIIOHOMIHAILHUX MPHUCTPOiB. KoMnpomic Mix crieniaiizaui€ero Ta
VHIBEpCAIBHICTIO Mae OyTH MiHIMI30OBaHWHA 3a JIOIIOMOTOI0 aBTOMATH30BAaHOTO TIPOCKTYBaHHA MIKpPO- Ta
HAaHOPO3MIPHUX MOJYJIB 3 MPOrpaMOBAHOK JIOTiKOK. [IporpaMyBaHHS BHKOHYETHCS HE Ul CTBOPECHHS aJITOPUTMIB
00poOKHM muckpeTHOi iH(poOpMaIii, SK e peaTi30BaHO MiIKPOIPOLECOPOM, a IUIAXOM JIOTIYHHX HaJalITyBaHb
MYJBTHIDICKCOPHAX MIKpO- Ta HAHONPHCTPOiB. Pe3ymbTaTh KOMOIHOBAaHOTO MOJENIOBAHHS, OTpUMaHi B poOOTI,
MiATBEPKYIOTh €KBIBAJICHTHICTh 1X (PYHKI[IOHYBAaHHS, a TaKOX MEPEBard KYJIOHIBCHKMX HAaHOMYIBTHILICKCOPIB Ha
OCHOBI KJIITHH y HaIIAHOCTI, TEXHOJIOTIYHIH MacHITaOOBAaHOCTI, CHEProe()EKTUBHOCTI, INBUAKOMII Ta HEIOJIKH Yy
BUKJIIOYHO KpPIOT€HHUX HaJHU3bKOTEMIIEpaTypHHUX 3acTocyBaHHsX. OYeBHAHO, L0 EBOJIOLIS MIKPOEIEKTPOHIKH
MIPOJIOBXKHUTHCS JIMIIE B KOHTEKCTI IIMPOKOTO BIIPOBA/KEHHSI HAHOPO3MIPHHX MOJYJIB 3 HOBUMHU (DYHKLIOHATIBHUMH
MIPUHIIUIIAMU POOOTH.

KarouoBi cyioBa: Mikpo- Ta HaHOMOJYJi, HpPOrpaMOBaHi JIOTIYHI TNPHCTPOi, MaKOpUTapHa JIOTiKAa, CUCTEMH
ABTOMAaTH30BaHOT'O MPOEKTYBaHHS, MYJIbTUILUIEKCOPH.
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