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In this paper we investigate the impact of change in expression of /—V characteristics of non-linear elements consti-
tuting multiple-valued memory, on the shape of boundary surface. Boundary surface changes are investigated for a
such load plane R > 0, when multiple intersection of /-V surfaces of both elements gave rise to other new singularities.
Simultaneously we monitor also change the nature of singularity, which has a great influence on the boundary surface
morphology. Results showed, that both the piece-wise linear as well as polynomial expression of I~V characteristics the
elements are appropriate for multiple—valued memory.
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PoGoTy nmpucBsiMEHO TOCHTIKEHHIO BaXKITUBOCTI 3MiH y BUpa3ax [—V XapakTepuCTUK HENIHIHHUX eJIEMEHTIB, 3 SIKHX
CKJIaJlaeThesl OaraTo3HayHa 1maM’siTh, Ha (OpMy IpaHHYHOI MMOBEpXHi. 3MIHM IPaHUYHOI MOBEPXHI AOCIIKEH] JUIs Ta-
KHX HaBaHTa)XyBaJbHUX MOBEPXOHb R > 0, Koyu OaraTtopazoBi NepeTHHHU MOBEpXOHb -V 000X eleMeHTIB AaloTh 3poc-
TaHHS KITBKOCTI HOBHX 0COONMBUX TOUOK. OTHOYaCHO BUKOHYETHCS MOHITOPUHT 3MIHU IIPUPOJN OCOOIMBOT TOYKH, SIKa
Ma€ 3HaYHHUH BIUTMB Ha MOP(QOJIOTio TPaHNYHOI MMOBEPXHi. Pe3ynbraTu mokasainy, 110 i JIiHIiHONaMaHa XapaKTepUCTH-
Ka, 1 MOJTIHOMIaJIbHUI BHpa3 €JIeMEHTIB [V XapaKTepuCTHKU € MPUHHATHUMH J1si OaraTo3HayHOI mam’siTi.

Kunrouosi ciioBa: 6ararozHauna rnam’sitb, IpaHUYHA MOBEPXHsI, HABAHTA)KyBaJIbHA TUIOLIMHA, XapaKTEPUCTUYHE YHCIIO.

PROBLEM STATEMENT. For the fast calculation
of differential equations system without a computer and
a relatively accurate approximation of any part of the /-
V' characteristic of the elements, there was suggested in
work [1] a procedure for the approximation of any part
of the I~V characteristic of the element using absolute
values. Thus it was possible to create a piece-wise linear
(PWL) -V characteristics of transistors, tunnel diodes
(TD) and Chua’s diode. In work [2] has been shown
influence of change the size of R as the load plane in
multiple-valued (MV) memory on the number and
nature of singularities. Non-linear elements — resonant
tunneling diodes (RTD) were expressed as PWL there.
The increase the number of singularities led to the un-
usual case — breaking regular alternation of the singular-
ities: stable — unstable — stable — ... (S—U-S—...). There-
fore the question arose: will the same morphology of
boundary surface (BS) maintain together with the nature
of singularities, when /-J characteristics will express as
polynomial and thus smooth function? Does the PWL
expression of /-V characteristics affect the formation of
unstable singularity S3 [2] (in this paper concerning
singularity 5), which should be in terms of regular alter-
nation of singularities S—-U-S—... stable singularity? Do
points of discontinuity PWL characteristics affect the
formation of unstable singularity S3? In the next section
we propose such -V characteristics, that should the
most exact approximate the PWL characteristics, we
also compare calculated BS and possible occurrence the
unwanted unstable singularity with the case published in
[2].

EXPERIMENTAL PART AND RESULTS
OBTAINED. Studied Multiple valued logic memory.
elementary MV memory cell is shown in Fig. 1, and is
described by system of equations (1). Nonlinear ele-
ments have PWL [~} characteristics of RTD,

Fig. 2,a. Their parameters are given in [2]. Projections
I-V areas in the plane i, u,, indicating the Fig. 2,b,
where at R = 0 is generated by five singularities, while
S1, S2 and S3 are stable singularity. They are separated
by unstable singularities N1 and N2. The authors sug-
gested that a further contribution to the subsequent
conduct found by the work [3] coefficients for the ex-
pression of /-V characteristics of RTD ninth degree
polynomial (2).

Figure 1 — Model of memory cell. Control pulse we
consider Al =0

L(ﬁj =U —Ri —(u,+u,) =0,
dt
du, 1
G (Tij =i -fi (”1 ) =0, M
C, (%) =i —fy(u,) +41 =0,
fA,(uk)=ikai.uka ()

EnextpomexaniuHi i eHepro3oepiraroui cucremu. Buryck 4/2012 (20)

70



EJIEKTPOMEXAHIYHI CUCTEMU, METO/IU OITTUMIBALIIT TA MOJIEJTIOBAHHS

where g, are coefficients of appropriate power. Similarly
as for PWL in Fig. 2,a) holds, if superscript k=1 it con-
cerns load, if k=2 it concerns element.
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Figure 2 — Comparison /-V characteristics of RTD
element (solid line) and load (dashed line) b) Present
singularities in the projection into the i, u, plane when

R=0

For calculation the coefficients in Matlab was used
Newton's interpolation method with coefficients given
by (3) and (4).

Element:

a;=0,292; a,=-5,68; a; = 45,8;

as=-193,99; as = 456,26; as = —562,33; 3)
a;=280,84 ; ag=5,64; ay=-2,85.
Load:
a;=0,306; a,=-6,27; a; = 53,46;
as=-242,27; as= 613,38; as=-814,52; 4

a;=437,72; as=8,16; ag = —4,44.

Fig. 3,a illustrates approximation /~V characteristic
of element and Fig. 3,b approximation of the load. Pro-
jection [~V surfaces into i, u, plane shows Fig. 4 when
R = 0, where again is present five singularities of the
same character and designations like in Fig. 2,b).
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Figure 3 — View of I-V characteristics approximated
using algebraic polynomial (2) compared with RTD as
a) the element — parameters (3);

b) the load — parameters (4)

Comparison of BS cross—sections. In this section we
show a comparison of BS cross-sections when PWL and
smooth /- characteristics are used. Sections were cal-
culated using grid technique, which means that the ap-
propriated projection plane will be divided to the NxN
points [4].
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Figure 4 — Present singularities in the projection into
the 7, u, plane when R =0

These points will represent N of initial conditions
for calculation trajectories of system (1). Calculation of
the trajectory is terminated when the representative
point is located in the vicinity of one of the attractors —
stable singularities. Grids presented below were calcu-
lated in raster 220x220 points using Matlab software. In
work [3] in Fig. 4 we showed the case, when for
R =100 Q singularity S3 arose (in this paper in Fig. 5 it
is singularity 5), which in terms of regular alternation of
singularities S—U-S—... should be stable singularity.
Cross-section was carried through current level
=228 mA, which is a current coordinate of singulari-
ty 5. Singularities denoted by odd number should be
stable, and singularities denoted by even number should
be unstable. All singularities correspond to the stability
assumption, only singularity 5 was an exception.

u;[mV]

220 330 440

220

Figure 5 — Cross—section of BS through current level
appropriate to singularity 5 (’i = 2,28 mA ) for
R=100Q, C;,,=110 °F, L=1-10""Hand PWL [V
characteristics of RTD. Capital numbers 1, 3 and 7
depicts regions of attractivity for stable singularities
1, 3 and 7. Singularity 5 is unstable
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When we use the smooth /-V characteristics ex-
pressed by ninth grade polynomial, there was calculated
cross-section of BS (Fig. 6) for R =100 Q and current
level *i = 3,9 mA using the same technique. As can be
seen from the projection of intersections /-V surfaces of
both elements into the plane u;, u;,, also in this case the
singularity 5 is unstable, because it lies on the boundary
of three regions of attractivity. Eigenvalues for the sin-
gularity 5 proving its unstability are listed also in
Tab. 1.

u,[mV]
220 330 440

Figure 6 — Cross—section of BS through current level
appropriate to singularity 5 (’i = 3,9 mA) for
R=100Q, C;,,=1-10 °F, L=1-10 ""H. -V characte-
ristics of RTD are smoth. Capital numbers 1, 3 and 7
depicts regions of attractivity for stable singularities 1, 3
and 7. Singularity 5 is again unstable

CONCLUSIONS. As shows Fig. 5 and Fig. 6 there
is no significant difference between cross—sections of
BS of memory represented by PWL and polynomial
models of TD /-V characteristics. Neither points of
discontinuity occurring as break points in PWL -V

Table 1 — Eigenvalues of singularity 5

Singularity 5
M —8,46614001843699
A2 3,02847397209286
A3 4,58588308560323

characteristics, nor the mathematical expression of /-V
characteristics of RTD, do not affect the formation of
unstable singularity 5 and shape of BS. It is therefore
the matter of creator of the simulation program, which
model of the /-V characteristic would prefer. In general,
he get the same results.
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Pabota mocBsIleHa HCCIIEIOBAHUIO BAXXHOCTH M3MEHEHHH B BBIPAKCHUAX IS -V XapaKTEPpUCTUK HEJIMHEHHBIX
3JIEMEHTOB, U3 KOTOPBIX COCTOUT MHOI'O3HA4YHAs IMaMATh, Ha q)OpMy npez[em)HOﬁ IMOBEPXHOCTH. H3MmeneHus FpaHI/I‘{HOﬁ
TIOBEPXHOCTU UCCIICAOBAHBI JIsSI TAKUX HArpy304HbIX HOBerHOCTeﬁ R> O, KOrja MHOT'OKpaTHOE€ IepeceuCHUue IMOBEPX-
HocTel I-V 00oMX 3JEMEHTOB HalOT YBECIIMYCHUEC KOJIMYECTBA HOBBIX 0COOBIX TOYEK. OI[HOBpeMeHHO TIPpOU3BOAUTCSA
MOHUTOPHUHI" UBMEHCHUSI TPUPOABL 0co0oif TOYKH, KOTOpass UMECT OOIIBIIIOE BIUSHUE HA MOp(bOJ'IOFI/IIO HpCHeHBHOﬁ
TIOBEPXHOCTH. Pe3y.]'II>TaTI>I IIoKa3aJii, 4TO U JIMHEWHOJIOMaHast XapaKTEpUCTHUKA, U INOTTMHOMHAJIBHOC BBIPAKCHUE dJIC-
MEHTOB [-V XapaKTEPUCTUKU ABJISIOTCS TIPUEMIIEMBIMU I MHOT'O3HAYHOM MaMSITH.

KiaroueBble cjioBa: MHOrO3HAaYHAS MaMATh, NIPEACIbHAs MOBEPXHOCTh, HAIPy304YHas IJIOCKOCTDh, XapaKTECpUCTU4IC-
CKO€ YHCIIO0.

Cratrs magivnuia 11.07.2012.
PekoMeHI0BaHO 10 IPYKY
K.T.H., go1. Kaminosum A Il

EnextpomexaniuHi i eHepro3oepiraroui cucremu. Buryck 4/2012 (20)
72



