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Modeling the I – V characteristic with an unstable NDR, described in the paper by equations (1-2), in LTspice can be performed by setting the voltage-controlled resistance.
We used the following representation.

R=if(I(R1)>0, if((V(x)-V(y))>Uth,(V(x)-V(y))*Ron/((V(x)-V(y))-Ucf), if((V(x)-V(y))/I(R1)>(Roff-100),Roff, if((V(x)-V(y))<Uh,Roff,(V(x)-V(y))*Ron/((V(x)-V(y))-Ucf))) ), Roff)			

where (V (x) -V (y)) is the voltage on the resistor (VO2 switch).
This equation is only valid with I (R1) ≥0, with a positive current direction.
The equation consists of several nested conditions.
if ((V (x) -V (y))> Uth - condition of the switch transition to a low-impedance state.
if ((V (x) -V (y)) <Uh - condition of the switch transition to the high-resistance state.
if ((V (x) -V (y)) / I (R1)> (Roff-100) - determines the state of the switch when Uh ≤ (V (x) -V (y)) ≤ Uth
The expression (V (x) -V (y)) * Ron / ((V (x) -V (y)) - Ucf) describes the resistance of the ON state.
Roff - determines the resistance of the OFF state.

Modeling the current-voltage characteristic with stable NDR, described in the paper by equation (3), in LTspice can be performed by a description of the resistance controlled by current.
We used the following representation

R=if(I(R1)>0,(0.5*( (Roff+Ron)*I(R1)+(Rndr-Roff)*(ABS(I(R1)-Ith)-Ith)-(Rndr-Ron)*(ABS(I(R1)-Ih)-Ih) ))/I(R1),Roff)

where I (R1) is the current flowing through the resistor (VO2 switch).
This equation is only valid with I (R1) ≥0, with a positive current direction.
In fact, the expression
(0.5 * ((Roff + Ron) * I (R1) + (Rndr-Roff) * (ABS (I (R1) -Ith) -Ith) - (Rndr-Ron) * (ABS (I (R1) -Ih ) -Ih)))
determines the voltage Usw on the switch in accordance with the equation (3).
Dividing Usw by I (R1), we obtain the resistance value.

In some cases, to obtain more stable calculation results with the LTspice package, a resistor R2 with a very small resistance (R2 = 0.0001 ) was installed in series with the switch. The current I (R1) in the formula was replaced by the current through this resistance I (R2).

