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Abstract—In this study, we investigate synchronization ofsion lines could be synchronized by the effect of the cross
two Chua’s circuits with a lossless transmission lines. Two cirtalk [7]. In this study, we investigate the synchronization
cuits with transmission lines placed in parallel cause the crossf the two Chua’s circuits linked by the cross talk in detail,

talk phenomena. The effect of the cross talk is modeled by thespecially, paying our attentions to the breakdown of chaos
connections via coupling capacitors or mutual inductors. synchronization.

By computer simulations, we investigate the synchronization
of the two chaotic circuits linked by the cross talk. Especially C
in this study, we pay our attentions to the breakdown of chao%' Basic Circuit Model [7]

synchronization. In our previous research, we reported that two Chua’s

circuits with lossless transmission lines could be synchro-
1. Introduction nized. The circuit model is shown in Fig. 2.

Recently, several researchers have investigated synchro-
nization of chaotic circuits. Chua’s circuit is one of the
simplest autonomous chaotic circuits. Chua’s circuit con-
sists of a resistor, a capacitor, a nonlinear resistor and an
LC resonator. The nonlinear resistor in Chua’s circuit has
a piecewise lineav — ¢ characteristics as shown in Fig. 1
and it is described by the following equation;

Ir

1R = MoVl + 0.5(mo — m1)[|v1 + Bp1| - |v1 — Bpl‘]
+0.5(m1 — ma)[|v1 + Bp2| — [v1 — Bp2]], (1) Figure 2: Two Chua’s circuits with transmission lines.

wheremg, m; andms are the slopes in the segments of We modeled the transmission lines by LC ladder circuits
the piecewise linear function, arsl,; and By, denote the with finite numbers of lumped elements. Further, we mod-
breakpoints. There are many studies about coupled Chua¥d the cross talk effect by coupling capacitors or mutual

inductors. The circuit equations could be derived as fol-

lows;
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; . ) ; ; o o Wherev31 = V11, Vj(n+1) = 0, 7;31 = illy (k::2, 3, ...,n),

E(I)gnlfirﬁe;'r r(eas)iSCthL_JaS cireuit. (b — i characteristics of (=1, 2, ...n) and (j=1, 2). From Egs. (1) and (2), we could
obtain the normalized circuit equations as follows;

circuits, for example, master-slave coupling of Chua’s cir- |
cuits [1], mutual coupling of Chua’s circuits [2], a lad- 10 w11 — 210 — f(10)
der of Chua’s circuits, a ring of Chua’s circuits [3], two- 11 a11(y11 — 11 + T10)
dimensional array of Chua'’s circuits [4], etc. However, —B11(y21 — w21 + T20)
almost researches consider the couplings by lumped ele-%1k a1k (Yir — Yie-1)) — Bie(Y2k — Y2(k-1))
ments. We have investigated chaotic phenomena observedt2o C(wa1 — 220 — f(w20))
from Chua’s circuit when the LC resonator is replaced by 2; @21 (y21 — ((w21 — 710))

a transmission line [5]. Further, we have also investigated —Ba1(y11 — T11 + T10)

synchronization phenomena of two Chua’s circuits coupled z2r = ok (Y2r — Yok—1)) — Bik Y1k — Y1k-1))

by atransmission line [6]. oy = va(iagey — wa) + B@Gay ey — T
We consider two Chua'’s circuits with lossless transmis- 3)

sion lines placed in parallel. Transmission lines placewherexj(nH) =0,

in parallel cause the cross talk phenomena. Cross talk

phenomena appear in long powerlines or very high speedf(zjo0) = ¢;zjo + 0.5(a; — bj)(|zjo + 1| — |zj0 — 1|)
VLSI and its effect is normally not preferable. We have al- +0.5(b; — ¢;)(|zjo + dj| — |xzjo — djl),

ready confirmed that the two Chua’s circuit with transmis- (4)
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Cs, = Ci, (k=2, 3, ...,n), (171, 2, ...,n) and (=1, 2).

Some examples of chaos synchronization obtained by
computer simulations are shown in Figs. 3 and 4. We con-
firmed that the circuits were synchronized in anti-phase in
the case of mutual inductors and in in-phase in the case of
coupling capacitors.

0-x20 x11-x21 . . i
Figure 5: Breakdown of synchronization. Cross talk effect

is modeled by mutual inductors.

4. Cross Talk from Opposite Direction

: . . At . - Now, we consider the two Chua’s circuits with lossless
I(:ngirg ghﬁﬁngdfpg)ase synchronization via mutual IndUCtor?‘ransmission lines placed in parallel but from the opposite

direction as shown in Fig. 7.
Similar to the circuit model in Fig. 2, we model the loss-
less transmission lines by LC ladder circuits with finite
TS 0L q00 Aol numbers of lumped elements as shown in Fig. 8.
Further, we consider that the effect of the cross talk is
modeled by mutual inductors as shown in Fig. 9.
We carry out computer simulation for this models by us-
ing the 4th order Runge-Kutta method. In this simulation,
we consider only the case that the two Chua’s circuits are

Figure 4: In-Phase synchronization via coupling capacitoégentical' So, we can rewrite the parameters as follows;
(’)/210 and6=0092) ] =Q =0, Y1 =72=7, a1 =a2 =a, (5)
bi=by=b, ca=c=c¢ d=d=d

In the following simulations, we fix the parameters as fol-

o lows;
3. Breakdown of Synchronization a=-12. b=—075, c=10, d—s, ©
In order to understand the synchronization phenomena ¢ = 18, 7=1 n = 10.

via cross talk effects of the transmission lines, we investi- )
gate the breakdown of the synchronization when the circuft:1. Cross Talk via Mutual Inductor M

pa\r/sm]ceter; are gr?dually changed. di H Figure 10 shows the synchronization of the two circuits.
b e Tix the CO“%‘QQ parametef %.” mcEr)eahse t eherror It is interesting to observe that the two circuits can be syn-
etween the two Chua’s circuits. Figure 5 Shows the COMiyronized even if they are placed from the opposite direc-
puter simulated results when the cross talk effect is mogiy,  The parameten corresponds to the overlap of the
eled by mutual inductors. As the error between the Chuag, transmission lines. Namely; = 10(= n) means that
circuits oy, — gy, increases, the solution escapes from the)| ot inductors are coupled to one of the other inductors via
synchronized plane more often. Figure 5(c) shows the timg, ;| inductors. Whilen = 5 means that only the half
waveform ofz g + 2. We can see from this figure that ot the transmission lines is influenced each other. Further,

the solution behaves under the on-off intermittency. m=1 means that only the last inductors in the two transmis-
Figure 6 shows the computer simulated results when thgy, lines are coupled each other.

cross talk effect is modeled by coupling capacitors. We

can observe the similar phenomena to the case of mutygb cross Talk via Mutual Inductor — M

inductors. However, the breakdown seems to be less sensi-"

tive to the error of the parameters than the case of mutual Next, we consider the case that the cross talk effect is
inductors. modeled by negative mutual inductors. Figure 11 shows
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Figure 7: Two Chua’s circuits with transmission lines placed from the opposite direction.

R2

Figure 8: Discrete model by LC ladder circuits with finite number of lumped elements.
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“ “ (c)m =1andg =14.

L Figure 10: Simulation results of cross talk via mutual in-
(c) Time wave form of1o — z29. Parameters are the same as (b). ductorM.

dpess of the synchronization against the coupling strength
Is changed according to the position of the coupling of the
transmission line

Figure 6: Breakdown of synchronization. Cross talk effe
is modeled by coupling capacitors.

the simulation results for the case thet is negative. In

this case, we confirm that the two circuits synchronize in .
in-phase. 5. Conclusions

4.3. Effect of Coupling Strength In this study, we have considered the two Chua’s circuits
with lossless transmission lines placed in parallel. We have

Finally, we carry out computer simulation as varyifig modeled the effect of the cross talk by mutual inductors.

namely, the coupling strength. Figure 12 shows the simiBy computer simulations, we have investigated various in-

lation result whenn = 3. From Fig. 12, we can say that teresting phenomena related with chaos synchronization.

the synchronization is robust against the coupling strength. In our future work, we investigate Chua’s circuit with
While Fig. 13 shows the simulation result when= 5.  lossy transmission line, because real transmission lines

This results show that the synchronization is sensitive tshould have loss actually. Furthermore, we investigate

the change of the coupling strength. crosstalk phenomena between conductor boards placed in
At the moment, we can not explain why the robustparallel and apply the result to chaotic circuits.
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Figure 11: Simulation results of cross talk via mutual in-
ductor— M.

x11-x21 %118-x21 F-x21 x120-x21
(@m =3and3=6.3.
x11-x21 x10-x11 x20-x21 0-x20 x11-x21
(b)m = 5ands =—-9. (b)m =3 andgB =7.0.
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(c)m = 3 andg =8.0.

Figure 12: Effect of coupling strength when= 3.
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Figure 13: Effect of coupling strength whemn= 5.

(c)m =5andB3 =9.9.




