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A new method for extracting junction parameters of the single diode model is presented.
A least squares method approach considers the deviation AV = f(I) between the
experimental current-voltage (I-V') characteristic and a theoretical arbitrary character-
istic. A specific case — the AV graph reducing to a straight line — is identified and the
knowledge of the slope and of the intercept with the ordinate axis leads to the de-
termination of the junction parameters. The method is applied to the characterization of
the emitter-base junction of transistors and the results are discussed.
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1. INTRODUCTION

The p-n junction current voltage (I-V') characteristics have been stud-
ied for the past twenty years by many authors. Mathematical models
based on the principles of solid-state physics are reasonably well de-
veloped. From the one exponential model [1], the (I-V) characteristic
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can be described by the equation:

I= [O(C(V—R,I)/Aﬁ _ 1) n V — R, "
Rsh

where 3 = kT/q is the thermal voltage, I, is the saturation current, 4
is the junction ideality factor, R, and Ry, are respectively the series
and shunt resistances. Equation (1) introduces four parameters ,, 4,
R, Ry, related to internal properties of the electronic device.

Recent studies [2, 3] provided discussions to relate these parameters
to the space charge recombination processes in p-n junctions. The effect
of bulk and surface recombination on the value of the ideality factor
of gate controlled diodes has been analysed [4, 5]. The variation of the
junction parameters, with the illumination level, for a solar cell has been
studied [6] and associated with the modification of the carrier trans-
port process when illumination increases. The degradation [7] of the
junction parameters of transistor devices due to ionizing radiations has
been shown to be controlled by the total dose and related to radiation-
induced damage. A study of the evolution of the junction parameters
[8] of submicronic n-MOS transistors following electrical ageing has led
to an evaluation of the magnitude of hot carrier degradation and this
evolution has been found to be dependent on the device dimensions [9].

Several methods have been proposed to measure the parameters
Iy, A, R,, Ry, by using the description of the experimental junction
characteristic obtained with Eq. (1). They were developed for solar
cells. Some were based on the consideration of I-V measurements
obtained for dark and illumination conditions /2, 10-11/ or on param-
eter approximations /12-16/ with numerical process involving deter-
minations around particular points /14,17-19/. Others were based
on curve fitting methods /6,20/ which consider three regions of the
characteristic: short circuit current, open circuit voltage and around
the maximum power point. All methods require very low level current
measurements near the origin used for determination of finite shunt
resistance value. Whenever the shunt resistance values is very high, a
high quality and sensitive measurement system is necessary to avoid
uncertainties in the determination of the parameters.

The aim of this paper is to present a new method to extract the
junction parameters from the (I-V) characteristic whenever the shunt
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resistance value is very high. This simple and fast extraction technique
involves the high voltage part of the characteristic and can easily be
implanted in technological processes for quality control. A simula-
tion is performed to compare the results with theoretical values of the
parameters. The method is applied to characterize the base-emitter
junction of transistors.

2. METHOD

In silicon components, diodes, bipolar transistors and MOSFETs, the
junctions are of good quality. For these junctions, the shunt resistance
Ry, is very high and the expression (V — R,I)/Ry, is small by com-
parison with the other terms in Eq. (1). Moreover, the calculations
are performed here for voltage values greater than 0.4V and the term 1
is completely negligible with respect to the exponential term. Taking
into account these remarks, relationship (1) is reduced to:

V =R, +ApB lni. 2)
Iy

For this method, a similar equation is considered for another
characteristic:

1
V =RI+AB Ins (3)

where the values of the parameters R;, A’ and I are arbitrary.
Combining Egs. (2) and (3), the difference AV =V'—V may be
written in the form:

AV = (R, —R)I+BA —A) -InI+B(A-Inly—A"-Inf). (4)
When 4 = A', the curve: AV = f(I) becomes a straight line:
AV = (R, ——Rs)l—l-ﬁA-ln;—(,). (5)
0

From these results, a numerical process may be elaborated to ex-
tract the parameters R, A and I of a junction from its experimental
V = f(I) characteristic.
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A theoretical characteristic V' = f(I) (Eq. (3)) is considered with
arbitrary values R}, 4" and Ij. Then, 4’ is varied to determine the val-
ue A’ = A so that AV becomes a linear function of the current. It is
performed, while varying A’, by seeking the maximum value of the
linear correlation coefficient R? (Fig. 1) between the experimental and
the theoretical characteristics.

The slope a and the origin ordinate value b of the obtained straight
line in Eq. (5) yield:

R;=R,—a (6)
and
Iy =Ij ex b (7

This procedure leads to obtain, with Eq. (2) a fairly exact fit to the
experimental (I, V) characteristic. Figure 2 illustrates this result and
shows both an experimental junction (Z, V') characteristic (dotted line)
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FIGURE 1 Difference AV between an experimental (dotted line) and an arbitrary
characteristic versus current I for maximum values of the correlation coefficient
A= 4'=1389).
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FIGURE 2 Description of the experimental (Z, V) characteristic (dotted line) with the
one exponential model (4 = 1.89, R, = 0.11€Q, I = 2.61072 A).

and the graph of function ¥ given by Eq. (2) for parameters I, R, and
A values extracted by the above procedure.

3. RESULTS

Table I shows results obtained with characteristics simulated by using
Eq. (1) and a large range of parameter values. 4, R, and I, have then
been extracted and the ratios of extracted to simulated values have
been computed for comparison. For these simulations, each parameter
is varied while the others have an arbitrary fixed value. These results
point out the accuracy of the method.

Table II shows an application of the method to characterize the
base-emitter junction of the transistor BC33725. Twenty measure-
ments of the same experimental junction (I, ¥) characteristic have

TABLE I Ratios of the extracted to simulated parameter values for simulated char-
acteristics. In each case, only one parameter is varied in a specific variation range, the
other are fixed with values 4 = 1.5, R, =1Q, Iy = 10°%A

Simulated parameter: Extracted to simulated
variation range parameter value ratio
A 1-2 1£1074
R() 0.25—100 1+2107*

I(A4) 1076-10"13 1+61073
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TABLE II Mean values and standard deviation for parameters extracted from 20
experimental measurements under the same conditions

R(Q) A I(4)
Mean value 0.973 1.317 34510712
Standard deviation 0.010 0.004 0.22810712

been performed and registered in separate files. The extraction of the
junction parameters from these files allowed to compute the parameter
mean values. The very small standard deviation of the values confirms
the consistency of the method.

4. CONCLUSION

A new method for the extraction of junction parameters is presented.
This method is appropriate for the characterization of good quality
electronic devices (diodes, transistors, solar cells,...) with a large
shunt resistance. It is of practical interest since the fitting of I-V char-
acteristics needs the determination of only one parameter by using a
least squares method. The fastness of the procedure makes it easy to
implement in industrial process for quality control.
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