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(57) ABSTRACT 

The electric behavior of a reverse-biased PN junction diode is 
modeled by measuring the value of Voltage V present across 
the diode and the value of the corresponding current I running 
through this diode, the Voltage V varying within a range of 
values including the value of diode breakdown Voltage. A 
representation of a function 

according to Voltage V is established from the measured 
values of current I and of Voltage V. Is being the Saturation 
current of the diode. A linear function representative of a 
substantially linear portion of the function, characterized by 
Voltages V greater than breakdown voltage V in terms of 
absolute value, is determined. An avalanche multiplication 
factor MM is then calculated by 

with parameter slbV equal to the ordinate at the origin of the 
linear function, and parameter slbv/bV equal to the slope of 
the linear function. 
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METHOD FOR DETERMINING A 
MATHEMATICAL MODEL OF THE 

ELECTRIC BEHAVOR OF APN UNCTION 
DIODE, AND CORRESPONDING DEVICE 

PRIORITY CLAIM 

0001. This application claims priority from French Appli 
cation for Patent No. 1257344 filed Jul. 28, 2012, the disclo 
sure of which is incorporated by reference. 

TECHNICAL FIELD 

0002. The present disclosure relates to the field of PN 
junction semiconductor devices Such as diodes, and more 
specifically relates to the mathematical modeling of their 
electric behavior, especially in avalanche mode. 

BACKGROUND 

0003 A PN junction device, such as a diode, is generally 
formed by the juxtaposing of a P type semiconductor and of 
an N-type semiconductor. A region where the diode operates 
in avalanche mode can especially be identified on the theo 
retical current I/voltage V characteristic of a PN junction. In 
this region, the diode is reverse biased with a voltage there 
across going beyond a given reverse Voltage V called ava 
lanche Voltage V (or breakdown Voltage), and the diode 
conducts a reverse current I which very rapidly increases. The 
avalanche phenomenon is generally induced for high reverse 
Voltages (generally higher than 8 Volts of reverse Voltage), 
and the avalanche effect especially appears as a multiplica 
tion of charge carriers and the creation of a very high current. 
0004. In practice, it is possible to design PN junction 
diodes which, inavalanche mode, are capable of withstanding 
very high powers for a few tens of microseconds. Such diodes 
may especially be integrated in circuits as devices of protec 
tion against electrostatic discharges (ESD) which may reach 
several tens or even a few hundreds of volts. 
0005. Further, to decrease the time and the cost of the 
development cycle of an integrated circuit, simulation tools 
are more and more used to predict the circuit behavior in 
specific operating conditions. Such simulation tools gener 
ally comprise a library of mathematical models representative 
of the electric behavior of the components. 
0006. In particular, the electric behavior of the diode in 
avalanche mode may be modeled by Miller's equations: 

IBk = ID. (MM - 1) 

1 
MM = - , , when V 3. VBk 

1-(-) VBK 

ic-l 

MM = - , () (al-ol-v) 1 - (1 - e) VBk 1 - (1-s)? 

0007 when V.V. 
0008 with 

0009 I: the diode current in avalanche mode, 
0010 MM: the avalanche multiplication factor, 
I0011 I: the current of the diode provided by the 
Shockley model, 

0012 V: the avalanche breakdown voltage, 
0013 V: the voltage across the diode, 
0014 mc and e: parameters to be empirically deter 
mined. 
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0015. However, the above mathematical model does not 
provide a specific representation of the real behavior of the 
diode inavalanche mode, in particular when reverse Voltage V 
across the diode goes beyond breakdown Voltage V, as 
illustrated in FIGS. 1 and 2. In FIGS. 1 and 2, the axis of 
abscissas corresponds to reverse Voltage V and the axis of 
ordinates corresponds to reverse current I in logarithmic 
scale. Curve Co corresponds to the real characteristic of the 
diode in avalanche mode, curve C corresponds to the diode 
characteristic according to the Millermodel with e=1...e., and 
curve C2 corresponds to the diode characteristic according to 
the Miller model with e=2...e. 
0016. As can be observed in FIGS. 1 and 2, for e=1...e. 
(FIG. 1), the diode characteristic according to Miller's model 
is correctly adjusted to the portion where the amplitude of 
curve Co is maximum, but is not satisfactory at the level of the 
substantially linear portion of curve Co. Conversely, for e=2. 
e (FIG. 2), the diode characteristic according to Miller's 
model is correctly adjusted to the substantially linear portion 
of curve Co, but is not satisfactory at the level of the portion 
where the amplitude of curve Co is maximum. 
0017. The Miller model is thus not fully satisfactory since 

it does not enable to have the characteristic according to the 
Miller model simultaneously coincide with the real charac 
teristic of the diode, at the level of the two portions (maximum 
amplitude and Substantially linear portion). 
0018. Further, the Miller model is discontinuous around 
the breakdown Voltage and thus requires a linearization 
around this breakdown Voltage. 
0019. Another solution suggested in European Patent 
Application No. 2,154,619 (the disclosure of which is incor 
porated by reference) is to determine two currents by using a 
model which involves a sum of exponential type expressions. 
However, Such solution involves a great number of param 
eters to be extracted. Further, as in the Miller's model, the 
model provided is also discontinuous around the breakdown 
voltage. Besides, the use of Shockley's equation for deter 
mining the reverse current, notably for reverse Voltages which 
do not go beyond the breakdown Voltage, does not allow 
reflecting the thermodynamic behavior of the PN junction at 
the breakdown point. 
0020. A more accurate mathematical model of the electric 
behavior of a PN junction diode is thus needed. 

SUMMARY 

0021. In such a context, a new method for determining a 
mathematical model of the electric behavior of a PN junction 
diode, as well as the device implementing this new method, 
are discussed hereafter. In particular, the new mathematical 
model is a function that provides a continuous representation 
of the electrical behavior of the PN junction around the break 
down Voltage. 
0022. For this purpose, a method for determining a math 
ematical model of the electric behavior of a reverse-biased PN 
junction diode is provided, comprising: 
0023 measuring the value of voltage V present across the 
diode and the value of the corresponding current I running 
through this diode, said diode being reverse-biased and said 
Voltage V varying within a range of values including the value 
of breakdown Voltage V of said diode; 
0024 establishing a representation of function 
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according to Voltage V, from said measured values of current 
I and of Voltage V. Is being the saturation current of said diode; 
0025 determining a first linear function representative of 
a Substantially linear portion of said function 

said linear portion being characterized by Voltages V greater 
than breakdown voltage V in terms of absolute value; 
0026 calculating an avalanche multiplication factor 
defined by: 

MM = 1 + et" "E"), 

wherein: 

0027 the values of parameters slbv and bv are extracted 
from said linear function, 

0028 slbv being equal to the ordinate at the origin of 
said linear function, and 

0029 slbv/bv being equal to the slope of said linear 
function. 

0030 Advantageously, the method further comprise the 
step of extracting the value of the Saturation current Is of said 
diode by determining the current I when the voltage V across 
the diode is equal to Zero, from a current-VS-Voltage charac 
teristic of said diode in forward-bias operation, and for a 
given temperature. 
0031. For example, the step of determining the first linear 
function may comprise: 
0032 based on the measured values of voltage V and cur 
rent I, determining the value of a inflection Voltage V, for 
which second numerical derivative d'I/dV is maximum; and 

0033 determining the equation of the tangent of said 
function 

at an inflection point, said inflection point having said inflec 
tion Voltage V, was an abscissa. 
0034 Parameters slbv and bV can be extracted from said 
tangent, Slbv being equal to the ordinate at the origin of said 
tangent and SlbV/bV being equal to the slope of said tangent. 
0035 
0.036 

Advantageously, the method can further comprise: 
establishing a representation of function 

- (-sby it) 
In - 

- I 

according to Voltage V across the diode, from said measured 
values of current I and of voltage V, and from said extracted 
values of slbv and bv. 
0037 determining a second linear function representative 
of a substantially linear portion of said function 
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said portion being characterized by Voltages V Smaller than 
breakdown voltage V in terms of absolute value; 
0038 calculating the avalanche multiplication factor 
defined by: 

MM = 1 - "i"): e-snbv(V-by-off), 

wherein: 

0.039 the values of parameters smbV and off are 
extracted from said second linear portion; 

0040 Smbv being the slope of said second linear func 
tion; and 

0041 smbv (bv+off) being the ordinate at the origin of 
said second linear function. 

0042. The step of determining said second linear function 
can be performed for values of reverse Voltage V ranging 
between a first voltage and by, said first Voltage being Smaller 
than the value of bV in term of absolute value. 

0043. The step of determining said second linear function 
can also be performed for values of reverse voltage V ranging 
between a second Voltage and by, said second Voltage being 
greater than the value of bV in term of absolute value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0044) The foregoing and other features and advantages of 
the present invention will now be discussed in the following 
non-limiting description of a specific embodiment, in relation 
with the accompanying drawings. 
0045 FIG. 1 is a graphic representation of a portion of the 
real current-vs.-Voltage characteristic and of the Miller model 
characteristic for e=1e of a diode when the voltage there 
across varies around its breakdown Voltage; 
0046 FIG. 2 is a graphic representation of a portion of the 
real current-vs.-Voltage characteristic and of the Miller model 
characteristic for e=2e of a diode when the voltage there 
across varies around its breakdown Voltage; 
0047 FIG. 3A is a conventional representation of a PN 
junction diode; 
0048 FIG. 3B is a theoretical representation of the cur 
rent-vs.-voltage characteristic of a PN junction diode: 
0049 FIG. 4 is a graphic representation of the real current 
vs.-voltage characteristic of the reverse-biased PN junction 
diode; 
0050 FIG. 5 is a graphic representation of the current-vs.- 
voltage characteristic of the forward-biased diode used to 
extract the value of the saturation current of the diode at a 
given temperature, and a graphic representation of the Shock 
ley equation obtained with the extracted value of the satura 
tion current; 
0051 FIG. 6 is a graphic representation of second deriva 
tive dI/dV: 
0.052 FIG. 7 is a graphic representation of function 
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versus reverse voltage V across the diode: 
0053 FIG. 8 is a graphic representation of function 

ill- l, 'i - I 

Versus reverse Voltage V across the diode, Voltage V varying 
within interval 0; bv. 
0054 FIG. 9 is a graphic representation of function 

I I- (sliv") 
- I 

Versus reverse Voltage V across the diode, Voltage V varying 
within interval 6 volts; bv. 
0055 FIG. 10 is a graphic representation of the real char 
acteristic of the diode and of the mathematical model of said 
diode determined with the functions of FIGS. 8 and 9. 
0056 FIG. 11 is a representation of the steps of the method 
for determining multiplication factor MM according to an 
embodiment; and 
0057 FIG. 12 is a representation of the steps of the method 
for determining multiplication factor MM according to 
another embodiment. 
0058 For clarity, the same elements have been designated 
with the same reference numerals in the different drawings 
and the various drawings are not to Scale. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0059. As illustrated in FIG. 3A, a PN junction diode is 
conventionally represented as an ideal diode in series with a 
resistor. The theoretical characteristic of current I-vs.-voltage 
V of said PN junction diode is illustrated in FIG. 3B. Three 
regions can generally be identified on this theoretical charac 
teristic. In a first region R1, the diode operates in forward 
mode, that is, it is forward biased and behaves as a closed 
circuit. More specifically, forward current I crossing the diode 
exponentially increases according to forward Voltage V 
applied thereacross. In addition, the forward voltage V in this 
first region R1 is equal to the Voltage V across the resistor 
plus the Voltage V, across the ideal diode. In a second region 
R2, the diode operates in reverse mode, that is, it is reverse 
biased and behaves as an open circuit. More specifically, 
reverse current I crossing the diode is very low and will be 
independent from forward voltage V applied thereacross. In 
this second region R2, the Voltage across the resistance is 
negligible and the forward voltage V is considered to be 
Substantially equal to the Voltage V, across the ideal diode. In 
a third region R3, the diode operates in avalanche mode, that 
is, it is reverse biased but the Voltage applied thereacross goes 
beyond a given reverse voltage V called breakdown voltage 
V. In particular, in avalanche mode, the diode conducts a 
reverse current I which increases very fast, and the reverse 
Voltage V across the diode is equal to the Sum of the Voltage 
V, across the ideal diode and the breakdown voltage. In 
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practice, the reverse voltage V in this third region R3 is 
considered to be substantially equal to the breakdown voltage 
V. Generally, breakdown Voltage V of the diode is pro 
vided by the constructor for a determined current. 
0060 Reverse voltage means the voltage applied across 
the reverse-biased diode, and forward voltage means the volt 
age applied across the forward-biased diode. Such forward 
and reverse Voltages, as well as the breakdown Voltage, are 
expressed in positive values. Similarly, reverse current des 
ignates the current flowing through the reverse-biased diode, 
and forward current designates the current flowing through 
the forward-biased diode. Such forward and reverse currents 
are also expressed in positive values. 
0061. A method for determining the mathematical model 
of the electric behavior of the PN junction diode in avalanche 
mode is discussed hereafter. 
0062. The modeling method is especially based on the 
knowledge of the real characteristics of the diode to be mod 
eled and obtained from measurements. More specifically, the 
diode to be modeled is reverse-biased and the values of the 
current flowing through the diode are raised according to the 
Voltage values applied thereacross. A representation (diagram 
or table) of the electric behavior of the diode is thus obtained 
from these measurements. Then, based on this representation, 
a mathematical model enabling to plot a curve which is the 
most representative of the real electric behavior of this diode 
in avalanche mode is determined. 
0063. In particular, according to an embodiment, the 
behavior of the reverse-biased diode, and especially for Volt 
ages thereacross varying around breakdown Voltage V, is 
considered to be given by: 

IBk = Ip (MM - 1) 

MM = 1 + "i") = 1 + MM with 
MM (-sibv. YE) 

0.064 V: the voltage across the diode, 
0065 I: the current running through the diode in 
reverse biasing and for Voltages varying around the 
breakdown Voltage, 

0.066 I: the current running through the diode in 
reverse mode and in forward mode and modeled by 
Shockley's equation, 

0067 MM: the multiplication factorinavalanche mode, 
0068 slbv: a first parameter having a value which will 
be determined hereafter, 

0069 bv: a second parameter having a value which will 
also be determined hereafter. 

0070 The Shockley equation is given by: 

W ID = 1.( nVT - ) 

(0071 with 
0.072 I, the current running through the diode in for 
ward or reverse mode, 

0.073 I: the diode saturation current, 
0.074 V: the voltage across the diode, 
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0075 n: a coefficient taken to be equal to 1 by default, 
and 

(0076 V: the thermal voltage. 
0077. The expression of MM given above allows repre 
senting the reverse-biased diode as a continuous function, 
especially around the breakdown voltage. In other words, the 
modeling of the reverse-biased diode does not require two 
separate functions or representations, as in the Miller's Solu 
tion. On the contrary, the electrical behavior of the reverse 
biased diode, namely in the second and third regions, can be 
represented with a single function which does not present 
discontinuity at the breakdown Voltage. 
0078 Referring to FIG. 11, the method for determining 
the mathematical model of the electric behavior of the PN 
junction diode in avalanche mode thus may comprises the 
following steps: 

0079 in a first step (1), measurements of the current I 
flowing through the diode according to Voltage V 
applied thereacross, are performed; 

0080 in a second step (2), the value of the saturation 
current Is is extracted; 

I0081 in a third step (3), a representation of a linear 
portion of the function ln(I/-Is) is determined: 

I0082 in a fourth step (4), the parameters slbv and bv are 
extracted from said representation of the linear portion; 

I0083) in a fifth step (5), MM is then calculated accord 
ing to the expression given above. 

0084. The above steps are detailed below: 
0085. The first step (1) comprises performing measure 
ments providing current I flowing through the diode accord 
ing to Voltage V applied thereacross. In practice, the diode is 
reverse-biased and reverse voltage V across the diode varies 
within a range of values including the value of breakdown 
Voltage V of the diode. 
I0086 For example, curve Co of FIG. 4 is the graphic rep 
resentation of the real current-VS.-Voltage characteristic of the 
reverse-biased PN junction diode obtained based on the cur 
rent and Voltage measurements. The axis of ordinates is in 
logarithmic scale and is relative to reverse current I flowing 
through the diode, and the axis of abscissas corresponds to 
reverse voltage V applied across the diode. Reverse voltage V 
especially varies between a minimum reverse Voltage Vmin, 
for example, on the order of 0 volt, and a maximum reverse 
voltage Vmax, for example, on the order of 10 volts. 
0087. Two distinct portions Co and Co. can especially be 
identified in this characteristic. A first portion Co corre 
sponds to the substantially linear portion of curve Co. for 
which reverse voltage V is greater than breakdown voltage 
V. Second portion Co. corresponds to the substantially 
bent portion of curve Co. for which reverse voltage V is lower 
than breakdown Voltage V. 
0088. The second step (2) of the method may comprise 
extracting the value of the saturation current Is of the diode. 
Said value can be deduced from the current-vs.-voltage char 
acteristic of the diode in forward operation and for a given 
temperature. For example, curve Co. of FIG. 5 is the graphic 
representation of the real current-vs.-Voltage characteristic of 
the forward-biased diode, and especially for a forward volt 
age V varying between 0 volt and 1.6 volt, and curve C is the 
graphic representation of the Shockley equation with the 
extracted value of Saturation current Is. Indeed, generally, in 
forward biasing, the Shockley equation may be simplified as 
follows: 
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w w 

ID = I,(c, l s (, ). 
y 

Thereby: Is as l/(e.) 

0089. The value of the saturation current Is can be 
extracted from the curve C by determining the value of 
log(Is) when V is equal to Zero. 
0090 Based on such experimental measurements of 
reverse current I and reverse voltage V, and on the value of the 
saturation current Is, a representation (diagram or table) of 
function 

according to Voltage V, can be established, I being the mea 
Sured current and I being the diode Saturation current. 
0091 
function 

Curve C of FIG. 7 is the graphic representation of 

according to the measured values of reverse Voltage V. It 
should especially be noted that curve C also has a first sub 
stantially linear portion Co characterized by reverse Voltages 
V greater than breakdown voltage V. 
0092. The determination of this first linear function repre 
sentative of this first portion Co enables to calculate the 
above-defined avalanche multiplication factor by 

stby. Yby MM = 1 + et E) 

where: 

0.093 parameter “slbv' is determined by considering 
that "-slbv' is equal to the ordinate at the origin of this 
first linear function, and 

0094 parameter “bv' is determined by considering that 
“-slbv/bv' is equal to the slope of this first linear func 
tion. 

0095. In particular, the third step (3) comprises the deter 
mination of this first linear function may especially comprise 
determining the value of a inflection Voltage V, for which 
second numerical derivative d'I/dV is maximum. Ofcourse, 
the calculation of the second numerical derivative is per 
formed from previously-measured values of voltage V and of 
current I. 

I0096. For example, the second numerical derivative d'I/ 
dV may be obtained by successively applying Euler's 
method or a half-step derivation, or by linear regression, or 
any other adapted method. 
0097. For example, curve C of FIG. 6 is the graphic rep 
resentation of second derivative dI/dV according to the 
measured values of reverse voltage V. It should especially be 
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noted that, for the diode used to form these curves, the second 
numerical derivative is maximum for an inflection Voltage 
Vy equal to -8.6 volts. 
0098. Once the inflection voltage V, has been deter 
mined, it is then sufficient to determine the equation of the 
tangent of function 

at an inflection point having as an abscissa the value of the 
inflection Voltage V. 
0099 For example, the equation of the tangent, shown by 
line C in FIG. 7, may be obtained by using two measure 
ment points around the inflection point. Of course, any other 
adapted method enabling to obtain the tangent in the vicinity 
of inflection point may also be implemented. 
0100. By considering that tangent C at the inflection 
point is the first linear function representative of first portion 
Co., it is then easy to performed fourth step (4) to deduce the 
values of parameters “slbv' and “bv' of the above-defined 
avalanche multiplication factor. 
0101 Indeed, as previously defined: 

W 
IBk = Ip (MM - 1) with ID = l, (eit, l 

and 

MM = 1 + et l'i"). 

Thereby, 

01.02 

V lak = 1,...let - 1). (MM-1), 

by taking n=1 by default. 
0103) Further, in the case of a reverse biasing of the diode 
and in avalanche mode, reverse Voltage V across the diode is 
relatively high and is seen by the diode as a negative Voltage. 
Accordingly, it is considered that expression 

tends towards a very negligible value. Thereby, 

th. Witby I = -1, (MM-1) and E = el"). 
- is 
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0104. It can be deduced that 

or again that 

IBK -Siby 
int)= by - Siby. V. 

0105. Accordingly, term “-slbv' is equal to the value of 
the ordinate at the origin of line C, and term 

-Siby 
by w A 

is equal to the value of the slope of line C. 
0106 Finally, in the fifth step (5), the MM is deduced 
according to the expression given above and one has a math 
ematical model representative of the substantially linear por 
tion (first portion Co) of the real characteristic (curve Co) of 
the reverse-biased diode and especially in avalanche break 
down Voltage. 
0107 According to another embodiment, it is possible to 
take into account the Substantially bent portion (second por 
tion Co.) of the real characteristic (curve Co) of the reverse 
biased diode. In this case, a refining term can be added in the 
expression providing multiplication factor MM. Thus, 
according to this particular case, it is considered that the new 
expression of the multiplication factor MM is provided by: 

-stby. Yby MM = 1 + "ille in thyroi = 1 + MM, MM. 

with 
0108) MM=e"(V+bv+off): the refinement term, 
0.109 Smbv: a parameter having a value which will be 
determined hereafter, 

0110 off another parameter having a value which will 
also be determined hereafter. 

0111. It is then possible to similarly implement the method 
developed hereabove to determine the equation of a tangent of 
the Substantially bent portion arounda inflection point. 
0112 More precisely, as illustrated in FIG. 12, the method 
according to this particular case may further comprise the 
following steps: 

0113 in addition to the steps 1 to 4 described above: 
0114 a first additional step 41 consists in determining a 
representation of a linear portion of the function 

Int tal ): 

0115 a second additional step 42 consists in extracting 
parameters 'smb'v' and “off” from said representation 
of the linear portion; 

0116 a third additional step 43 consists in calculating 
MM according to the expression given above; 

0.117 finally, the step 51 is performed to calculate 
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0118 For example, based on the measurements of reverse 
current I and of reverse voltage V, and based on the deter 
mined values of “slbv' and “bv', a representation (diagram or 
table) of function 

is determined according to Voltage V. It is then Sufficient to 
determine a second linear function representative of a Sub 
stantially linear portion of function 

int-l.") 
for values of Voltage V Smaller than breakdown Voltage V, 
and comprised within an arbitrarily selected interval or val 
ues. The expression of the above-defined avalanche multipli 
cation factor is obtained by considering that term “-smbv' is 
equal to the slope of this second linear function, and that term 
“-smbV.(bv+off) is equal to the ordinate at the origin of this 
second linear function. Indeed: 

(-sby') - sexp Ep 
lin - Y - = -snby. W - Smby (by + off) 

0119 For example, curve C of FIG. 8 is the graphic rep 
resentation of function 

|-l 'il S 

I — —ls 

according to the measured values of Voltage V, for reverse 
Voltages V ranging between a first Voltage, for example 0 Volt, 
and “bv’. 
0120 Curve Cao is a linear regression of curve C between 
0 and “bv'. The equation of curve Cao then enables to deduce 
parameters 'smb'v' and “off enabling to refine the model 
between 0 and “bv’. Any adapted method, such as the least 
squares method Co. may be implemented. 
0121. In another example, curve Cs of FIG.9 is the graphic 
representation of function 

It I- l, rel - I 

according to the measured values of reverse Voltage V, for 
reverse Voltages V ranging between a second Voltage, for 
example 6 volts, and “bv’. 
I0122 Curve Cso is a linear regression of curve Cs between 
6 and “bv'. The equation of this curve then enables to deduce 
parameters 'smb'v' and “off enabling to refine the model 
between 6 and “bv'. Similarly, any adapted method, such as 
the least squares method Cso, may be implemented. 
(0123 FIG. 10 shows the real characteristic of the diode 
(curve Co) and the mathematical model thus obtained. Curve 
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M is the mathematic model obtained for absolute values of 
reverse voltages V between 0 and “bv” and curve M is 
merged with a portion of the curve Co and is the mathematic 
model obtained for absolute values of reverse voltage 
between 6 and “bv’. As can be seen in FIG. 10, the math 
ematic model is a continuous function, and it does not present 
any discontinuity at reverse Voltage equal to bv. 

0.124. The above-disclosed mathematical model espe 
cially has the advantage of being a simplified but accurate 
representation of the real current-vs.-Voltage characteristic of 
the reverse-biased PN junction diode and especially in ava 
lanche breakdown Voltage. In particular, the discussed solu 
tion enables to model the diode behavior for reverse voltage 
lower than the avalanche breakdown voltage and for reverse 
Voltage greater than the breakdown Voltage of the diode, by 
means of one and the same equation. 
0.125. In addition, such solution allows reflecting the ther 
modynamic behavior of the PN junction at the breakdown 
point. Indeed, the parameters bv, Slbv and SmbV depend on the 
temperature according to the following equations: 

Ef 

TNOM ) 
sipt 

Siby = Siby0. (to ) 
snapt 

Snby = Snby0. (T. ) 

0.126 Wherein: 
0127 T is the temperature in kelvin and Ty the nominal 
temperature in kelvin. 
0.128 bv0, slbv0 and smbv0 are the breakdown models 
parameters at nominal temperature, for example 300 K. 
I0129. Depending on the major contribution of the physical 
effect occurring the breakdown in terms of leakage, band to 
band or trap assisted tunneling, the temperature coefficients 
nbvt, nslbvt and nsimbvt can be positive or negative. 
0.130. The above-disclosed modeling method may espe 
cially be integrated in a method for simulating the behaviors 
of electronic circuits, in the form of simulation software 
capable of being implemented by computer means, or in the 
form of an electronic system comprising an assembly of 
electronic modules capable of performing current and Voltage 
measurements directly on the diode, and determining the 
linear functions discussed hereabove. It is especially possible 
to more specifically anticipate the electric behavior of an 
electronic circuit in the presence of electrostatic discharges. 

What is claimed is: 

1. A method for determining a mathematical model of the 
electric behavior of a reverse-biased PN junction diode, com 
prising: 

measuring the value of Voltage V present across the diode 
and the value of the corresponding current I running 
through this diode, said diode being reverse-biased and 
said Voltage V varying within a range of values including 
the value of breakdown Voltage V of said diode; 
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establishing a representation of function 

according to Voltage V, from said measured values of current 
I and of Voltage V. Is being the saturation current of said diode: 

determining a first linear function representative of a Sub 
stantially linear portion of said function 

said linear portion being characterized by Voltages V greater 
than breakdown Voltage V in terms of absolute value; 

calculating an avalanche multiplication factor defined by: 

(-stby E.) MM = 1 + e by , 

wherein: 
the values of parameters slbv and bV being extracted 

from said linear function, 
Slbv being equal to the ordinate at the origin of said 

linear function, and 
slbV/bv being equal to the slope of said linear function. 

2. The method according to claim 1, wherein it further 
comprises the step of extracting the value of the Saturation 
current Is of said diode by determining the current I when the 
Voltage V across the diode is equal to Zero, from a current 
VS-Voltage characteristic of said diode in forward-bias opera 
tion, and for a given temperature. 

3. The method of claim 1, wherein the step of determining 
said first linear function comprises: 

based on the measured values of voltage V and current I, 
determining the value of a inflection Voltage V, for 
which second numerical derivative d'I/dV is maxi 
mum; and 

determining the equation of the tangent of said function 

at an inflection point, said inflection point having said inflec 
tion Voltage V, was an abscissa. 

4. The method according to claim 3, wherein parameters 
SlbV and bv are extracting from said tangent, Slbv being equal 
to the ordinate at the origin of said tangent and SlbV/bV being 
equal to the slope of said tangent. 

5. The method of claim 1, wherein it further comprises: 
establishing a representation of function 

t - 'i) - is . 

In — - 
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according to Voltage V, from said measured values of current 
I and of voltage V, and from said extracted values of slbv and 
bv; 

determining a second linear function representative of a 
Substantially linear portion of said function 

- (-sibvii) 
In -, 

- I 

said portion being characterized by Voltages V Smaller than 
breakdown voltage V in terms of absolute value; 

calculating the avalanche multiplication factor defined by: 

MM = 1 + (-sby, e-smb(V-by-off, 

wherein: 
the values of parameters SmbV and off being extracted 

from said second linear portion; 
SmbV being the slope of said second linear function; and 
SmbV (bv+off) being the ordinate at the origin of said 

second linear function. 
6. The method of claim 5, wherein the step of determining 

said second linear function is performed for values of reverse 
Voltage V ranging between a first Voltage and bv, said first 
voltage being smaller than the value ofbv in term of absolute 
value. 

7. The method of claim 5, wherein the step of determining 
said second linear function is performed for values of reverse 
Voltage V ranging between a second Voltage and by, said 
second Voltage being greater than the value of bV in term of 
absolute value. 

8. A method, comprising: 
measuring the Voltage versus current characteristics of a 

reverse biased PN junction over a range of voltages 
including a breakdown Voltage; 

identifying a functional relationship according to Voltage 
between measured values of current and saturation cur 
rent of the PN junction; 

determining a linear function that represents an approxi 
mately linear portion of the identified functional rela 
tionship for Voltages in excess of the breakdown Voltage; 
and 

calculating an avalanche multiplication factor for the PN 
junction as a function of an ordinate value at an origin of 
the determined linear function and a slope value of the 
determined linear function. 

9. The method of claim 8, further comprising determining 
the Saturation current from the measured Voltage versus cur 
rent characteristic when Voltage is equal to Zero. 

10. The method of claim 8, wherein determining the linear 
function comprises identifying an inflection point corre 
sponding to an inflection Voltage of the Voltage versus current 
characteristic, and wherein determining the linear function 
comprises identifying a tangent line of the functional rela 
tionship at the identified inflection point. 

11. The method of claim 8, further comprising: 
identifying an additional functional relationship according 

to Voltage between measured values of current and Satu 
ration current of the PN junction; 
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determining an additional linear function that represents an 
approximately linear portion of the identified additional 
functional relationship for voltages less than the break 
down Voltage; and 

calculating an additional component of the avalanche mul 
tiplication factor for the PN junction as a function of an 
ordinate value at an origin of the determined additional 
linear function and a slope value of the determined addi 
tional linear function. 

k k k k k 
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