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I Abstract
If we were to teach a group of students the

characteristics of device modeling, we could miss a
practical process to obtain the differert elements of
the model. However, the instrumerts we would need
to get our aim could reach a quite high price. Besides,
there is a high risk of break down due to students lack
of experience. That is why it has been designed a
measurement system which will not reach a very high
cost and will, on the other hand, increase is own safety.

2 Introduction
One of the main problems thatwe face whenwe wart

to carry out a device modeling is the high cost of the
instruments we need to obtain the starting data. For
educational reasons, we thought about the
development of a measurement system which could
combine a cost as low as possible and protect devices
from an inadequate use of the operators.
The basic instruments we need to achieve any

mnodeling consist of a Curve Tracer and a Network
Analfyzer. The first one is used to get the DC parameters
of the transistor to be modeled, while the second one
offers us the S parameters matrix.
Considering how hard designing and constcting a

Network Anafyzer is, a model existing in the market,
which can be controlled with IEEE488, was used as
starting poirit. As we can manage it from a computer,
we avoid is direc handling. Besides, the risk of failure
is reduced.
To achieve one of the two main targets that we have

planned, the cost reduction, a Curve Tracer was
designed and constructed. It was able to get the most
important DC data of the transistor to be modeled, and
an acceptable precision for the comparative studies of
the different models. This device is connected to the
computer using a Centronics parallel port.

Finally, a couple of Microsoft WindowsTm applications

were developed which control the designed Curve
Trtr, and obtain Xt DC parameterand the euivaletn
circuit for the chosen model. The used tool to develop
these appltion is BorndM Pascal WithCS 7.0.

3 Curve Tracer
To irplement the Curve Traer, the different margins

of voltage and currents needed were studied thanks to
the informfabon provided by several medium and low
power transistors vendors. In figre I, it is shown the
block diagram of the circuit designed from these data.
As you can see, it consists of the following elements:
Output stas CurnUVoltage convters, Selecor,
ADC, Electronic switches, Calibration Memory and
Control.
The blocks named Gate Output, Drain Output and

Source Ouput are used to bias the transistor from
which we want to get the characteristic curves. Its
construction was made with 12 bits resolution DAC's,
getting a variation margin of (10V with a maximum
curert of lOOmA at the output of drain and source
terminals, and 30rA at the one of the gate (Table 1).
The output resolution is 4.88 mV (20/212) and are
current limied to the above mentloned values, so they
are able to stand, for an unlimited perod of time, a
short-circuit between any outpt and ground.
The blocks labeled C/V CONV are engaged of

measuring the current along each terminal, and turn
them into voltage using four scales. In figure 2, the
block diagram of this stage and the above mentioned
electronic switches is shown. The way it works is very
simple: the current that flows along the sensor resistor
R1, R2 or R3 provokes a voltage drop which is applied
to the input of a programrable gain instrumentation
amplifier. The output of this device is a voltage
proportional to the current flowing along the matching
terminal. Each one of its gains represents a different
measurement scale. In the case of the gate pin, these
scales are: ±58 PA, ±470 pA, ±3.7 mA and ±30 mA.
The practical resolution obtained in the smallest scale
is 146 nA. The ranges chosen for the drain and source
terminals are: ±0.2 mA, ±1.6 mA, ±13.25 mA and ±106
mA. (Tables 2 and 3). The resolution for the smallest
scale in these terminals is 303 nA.
The voltage sampiing is done on the output terminals,

with the range and precisions shown in table 4.
Once we have the different volages and currents

available, the following step consists in time
multiplexing them and fixing their variation range so
they are suiable for the following stage (ADC).
The analog-digital conversion is carried out by a 12

bit resolution Crystal SemiconductorTmintegrated
circuit. This device is based on the successive
approximations method and delivers a shifted binary
code. Its conversion rate is 7.2is and includes a sample
and hold circuit which needs just 2.8is to sample the
signal. This is way, the maximum sampling rate is
100,000 samples per second.

789

Authorized licensed use limited to: UNIV DE LAS PALMAS. Downloaded on July 01,2021 at 09:39:44 UTC from IEEE Xplore.  Restrictions apply. 



To minimize the errors as much as possible, a circuit
which makes an autocalibration of the amplifiers and
tests the gain precision and the possible derives of the
offset, has been included. The operation is carried out
using a high precision voltage reference. The calbration
results are stored in a RAM. This way, they can be
used later, durng the measurement.
The ast element in the bock diagram in figure 1 Is

the control. It is used as an interface between the
computer and the circuits that build the curve tracer.
All this block has been made in just one EPLD by
AlteraTm: EPM5128JC-2.

4 Tracer Handling Software
The program that controls the Curve Tracer lets a

calibration and a data acquisition of the input (lI-VGc)
and output (ID-VDc) curves of a FET. The possibility to
measure any diode (ID-VD) has also been included if
its curve is inside the current margins which the device
is able to handle. Finally, the program lets us export
the obtained data to several mathematics analysis
programs.

In figure 3, the curves of one of the measured
transistors (2N5485), obtained with this program, are
shown.
5 Device Modeling
From the data we got with the measurement

instruments above mentioned, the non-linear model
elernents as well as the ones of the low signal circuit
are obtained by optimization, using the Levenberg-
Marquardt algorithm. The non-linear equivalent circuit
that has been used is shown in figure 4. The low signal
model is obtained eliminating the current sources lGs e
l6, making the values C, and R, constant and making
IDS equal to the product of the transconductance and
the voltage drop at the Cgs temninals.
As a sample of the program, in figure 5 the iniial

dialog for the bw signal modeling is shown. That is
where we can fix the initial values for different

parameters, their variation range, and some other
variabes used fortheop ti. The results obtained
at the end of the process are shown in figure 6.

6 Conclusion
It has been explained a way to build a completely

automated measurement system, using a compatible
PC which lets us obtain all the necessary data for the
equivalent circuits as well as device modeling. So, we
avoid the risk of a bad use in the measurement devices
at the Ume we simplify the process.
Another remarkable point is that, though we have

designed the algorithms taking the shown equivalent
circuit as reference, it would be very easy to apply it to
any other circuit due to the software modularity.
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Terminal f Voltage Ranges f Resolution Current Ranges
Gate -lOV to 9.9997V 4.8828mV 3OmA
Drain -1OV to 9.9997V 4.8828mV lOOmA
Source -IOV to 9.9997V 4.8828mV lOOmA

Table 1. Output stages characteristics.

-Scale Resolution Precision
±58 pA 29nA 1% Measurement ± 146 nA
±470 pA 232nA 1% Measurement ± 232 nA
±3.7lmA 1.86 pA 1% Measurement ± 1.86pA
±30.48 mA 14.8pA 1% Measurement ± 14.8pA

Table 2. Gate current measurement characteristics.

';: ::iScale Resolution Precision:
±200jA _OlnA 1% Measurement ± 303 nA
+1.6mA B11 nA I% Measurement ±81InA

±13.25 mA 6.5 pA 1% Measurement ± 6.5 pA
±106 mA 52 gA j 1%Measurement ± 52jA

Table 3. Drain and source measurement characteristics.
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Terminal . S: R*- ::,ange ResooPrision
Gate -lOV to +1OV 4.8828 mV 2% Measuremeti± 9.7656 mV
Drain -10V to +lOV 4.8828 mV 2% Measurement ± 9.7656 mV
Source -yOV to +1OV 4.8828 mV 2% Measurement ± 9.7656 mV

Table 4. Voltage measurement characteristics.

.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.......

Fig. 1. Block Diagram of Curve Tracer.
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Fig.4. MESFET non linear model.
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Fig.5. Initial dialog window for small signal modeling.
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Fig.6. Final values for small signal modeling.
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