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Piecewise Linear Diode Models by Region Division for Circuit Simulations

In-Gyu Park
Wonkwang University

Abstract - Piecewise linear diode models are widely
used for large~-signal circuit analyses, especially power
electronic circuit simulations. When using a piecewise
linear diode model for simulation, a switching method
to select a proper one among linear models is needed.
The conventional switching method keeps the previous
ON, OFF state information, and applies different
switching conditions according to the state. However,
this method has difficulties especially in extending to
multi-piecewise linear models. This paper presents a
switching method which appropriately divides the v-i
plane into regions and select a linear model according
to the region where the operating point(the voltage
and the current of the diode) belongs. This switching
method is easily extended to multi-piecewise linear
models. An example using the tableau analysis and
the backward Euler integration is presented for
verification.
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function [V,Ib]=Di(vi)
if i+v>=0 V=1; I= 0; b=0;
else V=0; I= 1; b=0; end
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If i+mv=2Il+mV;, Line 1,
elseif i+mv 2 I,+mV,, Line 2,
elseif i+mv = I;+mV;, Line 3, 3
elseif i+mv214+MV4, Line 4,
else, Line 5.
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function [V,Ib]=D2(v,i)
m=1;
V1= 3 I1= 8 Ri=le-2;
V2= 0 12= 0; R2=(V1-V2)/(11-12);
V3= -5; 13=-2; R3=(V2-V3)/(12-13);
V4=-80; 14=-3; R4=(V3-V4)/(13-14);
R5=1e-2;

if i+m*v>=I1+m*V1 V=1, I=-Rl; b=V1-R1xI1;
elseif i+m*v>=[2+m*V2 V=1; [=-R2; b=V2-R2*12;
elseif i+m*v>=[3+m*V3 V=1, [=-R3; b=V3-R3*I3;
elseif i+m*v>=[4+m*V4 V=1; [=-R4; b=V4-R4*14;
else V=]; [=-R5; b=V4-R5*14;
end
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clear; clc; nb=4;
Vs=70; L=3e-3; R=0.7;
£=60; t1=0; t2=3/f; N=2000;

A=zeros(2#nb,2#nb); x=zeros(2*nb,1);
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b=zeros(2*nb,1); w=zeros(2*nb,N);
v=1nb; i=nb+1:2*nb;
dt=(t2-t1)/N; t=tl:dtt2;

for k=2:N; for kd=0:nb

m=1; A(m,v(m))= 1; b(m)=Vs*sin(2+pixf*t(k));

m=2;{A(m,v(m)),A(m,i(m)),b(m)]=D1(x(v(m)),x(i(m)});

m=3; A(m,v(m))= 1; A(m,i{m))=-L/dt;
b(m)=-L/dt*w(i(m) k-1);

m=4; A(m,v(m))= 1; A(m,i(m))=-R;

m=5; A(m,i(1))= 1; A(m,i(2)= 1;
m=6; A(m,i(2))=-1; A(m,i(3))= 1;
m=7; A(m,i(3))=-1; A(m,i(4))= 1,
m=8; A(m,v(1))=-1; Almv(2))= 1;
Almyv(3))= 1; Almyv(4)= 1;

xn=A\b; if x==xn break; end; x=xn; end
w( k)=x; end

figure; hold on; plot(w(v(1),))); plot(w(i(2),:))
figure; hold on; plot(w(v(2),)); plot(w(i(2),"))
figure; plot{w(v(2),))*w(i(2),:))
figure; plot(w(v(2),)),w(i(2),:))
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