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Abstract

A pair of two polynucleotide sequences wound arotied carbon nanotube serves the
basis for noninteger (the base of natural logaritBntoding. The device description is
proposed. New concepts ebit ande-byte are introduced. The device is operating with
spin phases that are read out with a laser beamba@kis of the device is the Spin Hall
Effect that stems from large spin-orbit couplingldryperfine coupling. Together these
couplings split the Fermi level into a number oblswels which finally produce a
conductive zone. Decoherence is excluded thankselection rules. The device may
operate at 100 GHz or higher that is a revolutipr@aeakthrough in constructing super
fast computers of new generations.

1. Introduction

Over evolution the genetics has developed the enapdé? that is still shrouded in
mystery until now. According to many vieWwshis code is perfect and might serve the
basis for constructing a new generation of comgtiter

Any computer initially suggests its numeral basig aninimal digit system it operates
with.* Today we know two integer digital systems thateyate many others (a decimal
e.g.) — a two-digit system (a binary code) andeztligit system (a ternary code).

A two-digit system dominates now on the computerkeia Every notebook or
smartphone operates with two digits — “1” and “OVidespread use of the two-digit
system is obvious as the current electronic masraanploy the simplest “1” and “0”
signals to construct bytes.

However, there is a three-digit computer (ternasynputers) that operates with trits
(*07, “1” and “2” or “-1”, “0”, “1”") and trytes (aralogue to bytes in the two-digital
system). Electronically based ternary series ohmaters under the nangetun(after
the name of the river that flows into the Moscoweri nearby the place where the
Moscow University is located) was originally mamtfared in the laboratory of N.
Brusnetsov in Moscow State University (1958)In the U.S. the ternary computer
Ternacwas developed in 1973. The ternary computer haadaantage over the binary
computer in a number of factors (this is not swipg because the binary constructed
manifold is a subspace of the ternary manfipldmong which are speedier computer
performance, higher image resolution, extensiveiclogand code information
density/storaged) that obeys a simple relation (1)

d=Inele 1)(
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Heree is a base of a numeral system. From ¢ljeaches 3. The Background of the Spin-Orbit

its maximum at = e (the base of natural logarithm). and Hyperfine Coupling
The binary and ternary information coding are ietegVe

know, however, that the most efficient system peirg to i s
signal acquisition, storage, and representationrass the Which suggests the external magnetic field, the 3©@n

numbere which is noninteger. The noninteger digit systenfXt€rnal property of any atom, molecule, nanoschister, or

operating with the numbeg is only starts paving its way. Se€miconductor, including quantum wires and dotThe
This way, however, is highly promising that make<SOC is a relativistic effect. It results from iraetion of the
computations highly productive. electron magnetic moments with the magnetic fieldegated

Like each computer, the noninteger computer operat«by their own orbital motion. The SOC splits enesgid the

with its specific bytes (in the binary system tisibyte, in the moIepuIar cluster that initially possesses equargies (a
ternary computer this is tryte, in the nonintegemputer this ~€Mi €nergy leveke, or the highest occupied energy level).
is e-byte, or Berry’s byte). The most important thing of the SOC is that it coahange

the spin phase. Depending on the structure, the &@Cyy
e-bitise=2.71828 varies in the region 0.02 20 cm' that is detectable by
, N modern optical techniques.
ebyte (Berry's byte) i€"= 23.10 b) Hyperfine coupling (HFC)The HFC is the interaction

Where doeszcome from? This is Berry's phase arising®f @ nuclear spin with the electron spithe effect is much
from a signal circling around a closed curved 18op.Weaker than the SOC — two-five times in energy. dlatry

Mathematically, the curve is understood as a ptigiecon ~ 310M POSSEsses the nuclear spin. Nature, howeftens this
the Poincare sphere. atom, >'P (phosphorus), that shows a 100% abundance of

The noninteger algebra is not properly developedstiy, nuclear spin.”P atoms are the integrable part of any

it is classified® However, the noninteger mathematics exist®°ynucleotide backbore’
and stands in the wing8. The Spin Hall Effect (SHEp a transport phenomenon

predicted by M. Dyakonov and V. Perel in 1971 It
consists of spin accumulation on the lateral sedaof an
electric-carrying sample; the sign of spin directiois

The paper aims to develop a new computer device thBermally opposite on the opposite boundaries. In a

operates on a noninteger base. The base is theenenithe ~ cYlindrical wire, the current-induced surface spimind
device assumes higher speed, compact informatimag, around the wire. When the opposite current ocajuig,s gain

and better image clarity than commonly used compuihe reversal. T_he S_HE need; no externallma_gnetic ﬂ'd‘ld:spin
device is operating on the Spin Hall Effect thaajplicable accumulation induces circular polarization of theiteed

to a paired trinucleotide sequence wound arounctieon light as well as the Faraday (or Kerr) polarizatiotation of
nanotube. the transmitted (or reflected) light, which allovesearchers

The paper is a revolutionary breakthrough into tieaof {0 monitor the SHE by optical means. Fig.1 shoves SiE
noninteger chips of biological origin, possessind©" two arbitrary electrons treated as classic#ting balls.

reproduction and obtaining stable signals. The aevis t is necessary to emphasize that the electricakot might

based on reading out spin phases arising uponléotran € replaced by any laser impact or heat.
motion along a curved trinucleotide-lfit) sequences. The
phase is detected through a rotating spin lasenbea

a) Spin-orbit coupling (SOC)Unlike the Zeeman effect,

2. Aim of the Paper

The phase energy accumulation results from large- sp A
orbit (SO) and hyperfine coupling (HFE)The latter occurs
thanks to repeatedly embedded spin act#e(phosphorus) +\ /_’
atoms in the polynucleotide backbones. The phas®is j

dissipative, as is the case in quantum computaschanges t
its value upon the transfer from oft® to another. The total
turn over the closed loop on the Riemann manifetds (is |
just a paired polynucleotide chain) returns the spha
(Berry’s phase).

The device is not a quantum computer, but expliies
elements _Of quantum computing, including electrard a Fig. 1. The SHE on a semiconductor surface in the viciaftthe Fermi
nuclear spin. energy level. Green balls are hypothetical electron

Below we give brief information about the effected in
the device construction. The Berry phasés the geometric phase that arises on a

Charge current
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curved space (the Poincare sphere, &g )electrodynamics,
the Berry phasey is a 1-form of the vector potential

—il 9
A=iluls

dA (2

o=q.n=[F. =
S
A is a number of parameters (normally these arediome
displacements from point to point on the manifol@);s a
closed loop, and is a differential ofA; normally gg = 7£1-
cosd/2).? The full turn over the loop returngs = 77 that
corresponds to a spin reversal.

The Berry phase allows us to create a number oéssta

differing in the angle of polarization. This comgem the
ability of the vector potential
transformation wheA is identical toA+0y.

A o A+dy 3)

Oy is a gauge; in traditional electrodynamigsis the
electrostatic potential that differs from pointoint.

In agreement with electrodynamics, the vectdr is
associated with the appearance of magnetic ekd OxA.
This B affects the strength of SOC and HFC.

4. The Device Description

H,
NM/{RN
1)
0 W ¥
free valence bond — ]|?t—o o base (adenine)
|
H H
“ m
OH
(H

Fig. 2. Adenosine monophosphate (ribonucleotide; RNA migsku
Deoxyribonucleotide (DNA) differs from the showruaure by replacing
the right OH group by the H atom (shown in red)eTequence appears
through adding nucleotides (the nature offers dolyr nucleotides differing
by their bases: adenine, guanine, thymine (uracRNA), and cytosine) to a
free valence bond (left) of the P atom. The sequennormally twisted. The
P atom creates the hyperfine interaction, seeéhe t

The device is composed of two hydrogen (H-) boridega
nucleotide sequences — codons and anticodons ¢édahhee
nucleotides, Fig.2-4), totally 23 (this &sbyte), — wound
around a carbon nanotube of 2nm thickness (thitoise to

that in a living cell} The carbon nanotube (CN) is an

excellent support for nucleotide sequences thamlssaicking
interactions between the nucleotide bases and wcaribgs
(CNs have very small energiessdz and Erc, compared to
those in polynucleotides 5 ¢h{Esod and 0.05 ci (Exeo)).

Fig.5 shows a polynucleotide chain wound around Gihe
(physically, this is a topological insulatbr2,2 nm long). H-
bonding arises automatically between two correatlgned

undergoes a gauge
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(base-to-base correspondence) polynucleotide chains
Polynucleotide chains of desired sequence are ootinely
synthesized in chemical laboratories through theldvaCN
supports and polynucleotide winding around themmasv
created in many chemical laboratories, like oursingi
standard protocols and tunneling microscope tecieniq

]
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mucleis acid bazes detained by H-bonds
|
Fig. 3. A realistic codon{rC-rG-rA)-anticodon(rG-rC-rU) seence

comprising three nucleotides from both sides (tradally the numbering of
bases on both backbones is opposite). Hydrogenshdtdonds, (see the
text) detain both sequences together; they aredisglayed and could be
found in each manual on biology or on the Internllow are®P (100%
spin abundance) atoms; blue are carbon atoms, ddde are nitrogen
atoms; Hydrogen bonds between bases are not dexpla sequence of
three bases (they are paired with those of the epdorm the noninteger
computer base.

anticodon [N —— |

mn
H-bonds
m oo |

codon [N ——

spin laser filtering Y

Fig. 4. A simplifiedpicture of that shown in Fig.2. Gray thick lineslicate

the backbones of the codon and anticodon (the twistot shown). Thin
vertical lines stand for hydrogen bonds (H-bondshree lines for rC-rG
and rG-rC and two lines for rA-rU (the Watson-Cripkiring rules). The V
is the electrostatic potential that keeps the laytegether.

J
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Fig. 5. A polynucleotide chain winded around the carbonatabe.j means
the direction of the laser beam or charge current.

A distinctive feature of the device is the energyality of
two highly occupied electrons, which fill the Felavel (see
above). The equality is reached by varying a ditan
(tunneling microscope) between the codon and adico
triplets, Fig.4. Compared with the classical Wat€bitk
pairs, our distances are longer by 0.17 A (DFT:BBLS-
31G" basis set, quantum chemistry computafigns

Initially, the electron spins on the.Eand E. (lower
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indexes indicate the codon and anticodon, respagjiv into 23 sectors corresponding adoits. The laser beam from
levels have the opposite directions. Upon laseitatian two  the transmitter with the fixed orientation (Figléft energy
electrons become distributed over three stateso-etxeited level) rotates along the circle filled out with ciging
states, indicated with red arrows, and the conditigtievel, orientations of each sector. This is possible bseathe
Fig.6; the amount of each nucleotide contributisnof no transmitter velocity is 23 times higher than that the e-
significance because three nucleotides are requigether. byte™®
The SOC splits the energy of each electron (leftright,
Fig.6) into the oppositely directed combinationt(sileown).

The HFC, in turn, splits the energy of the SOCleudis.
The HFC split could leave a spin unchanged or sevét.
Everything depends on the strength of the intevacti
between the activ&P nuclei and the electron. If the strength
is not enough, the spin remains unchanged, if ydg-spin he
alters its orientation. In our case'{f> E’rc), we have the
energy diagram shown in Fig.6 where the excitede si&
singlet (two dashed red arrowé)The excited state on the
right is practically equal to the energy of the doctivity

zone (the red dashed line). Fin 7 Schematic pict  the sianal read-out _ -
. ig. 7. Schematic picture of the signal read-out procesgsifhe inner circle
Any computer operates with bytes. To makayte frome- depicts the rotating read-out beam, the outer eirdépicts “frozen” phases;

bits it is not enough to raise thebit to 77 power, See o details see the text.

introduction. We have to learn the device to reatl spin

phases frome-bits, which constitute thee-byte. This is Signal reading out comes from comparing the phaEes.
carried out with a spin laser using two beams, ipgss phase change upon laser excitation occurs at 109 &id
through two ferromagnet nanometer filters, Fig#)le higher. This is great technical breakthrough in patar
aligning the electrons in opposite directions (tldads to operation power.

appearance of the red arrows, Fig.6). The presehdbe What we have outlined before is the spin laserregle.
conductivity zone allows the electron on the rightmove Practically, the complex of the laser source (fesmtmnd
along the e-byte (the paired polynucleotide chain). Thislaser at 265 nm) and two filters demand a very &nergy
electron motion changes the electron polarizatieq.(8)) and might be highly compact.

when passing eaahbit through the HFC. The number ofe-bytes might be numerous. First, this is
The read/out process occurs on the x-y plane (Berryachieved through changing nucleotide positions in
plane). This is possible thanks to a famous foretfl&4) trinucleotide sequences and, second, through chgrepin
o orientation angles on the filters. Both approaciresmostly
e=n identical.
The reliability of the device preventing decoheeeris
y A achieved through selection rules.
N Evrc _A
/ | \ ' EBHT‘—'E— —
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