Proceedings of the lowa Academy of Science

Volume 69 | Annual Issue Article 72

1962

A Simple Transistor Characteristic Curve Tracer

Edward J. Hill
Grinnell College

Let us know how access to this document benefits you

Copyright ©1962 lowa Academy of Science, Inc.
Follow this and additional works at: https://scholarworks.uni.edu/pias

Recommended Citation

Hill, Edward J. (1962) "A Simple Transistor Characteristic Curve Tracer," Proceedings of the lowa Academy
of Science, 69(1), 455-458.

Available at: https://scholarworks.uni.edu/pias/vol69/iss1/72

This Research is brought to you for free and open access by the IAS Journals & Newsletters at UNI ScholarWorks. It
has been accepted for inclusion in Proceedings of the lowa Academy of Science by an authorized editor of UNI
ScholarWorks. For more information, please contact scholarworks@uni.edu.

Offensive Materials Statement: Materials located in UNI ScholarWorks come from a broad range of sources and
time periods. Some of these materials may contain offensive stereotypes, ideas, visuals, or language.


https://scholarworks.uni.edu/pias
https://scholarworks.uni.edu/pias/vol69
https://scholarworks.uni.edu/pias/vol69/iss1
https://scholarworks.uni.edu/pias/vol69/iss1/72
https://scholarworks.uni.edu/feedback_form.html
https://scholarworks.uni.edu/pias?utm_source=scholarworks.uni.edu%2Fpias%2Fvol69%2Fiss1%2F72&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uni.edu/pias/vol69/iss1/72?utm_source=scholarworks.uni.edu%2Fpias%2Fvol69%2Fiss1%2F72&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@uni.edu
https://scholarworks.uni.edu/offensivematerials.html

Hill: A Simple Transistor Characteristic Curve Tracer

1962] BISMUTH-ANTIMONY THERMOJUNCTIONS 455

Air Research and Development Command, United States Air Force,
Wright-Patterson Air Force Base, Ohio, WADC Technical Report 57-
660, ASTIA Document No. AD-155573, page 4.

5. Feldman, C., Culver, H. E., and Davies, L., January, 1962, “Review of
Scientific Instruments”, Volume 33, No. 1, page 124.

6. Benel, H., August, 1959, “Thermoelectricity Abstracts”, U. S. Depart-
ment of Commerce—Office of Technical Services, PB-151810, Abstract
#650, page G.

7. Belser and Hicklin, op. cit., page 23.

8. Calsyn, M., and Nomman D., September, 1961, “Science Education
News”, American Association of the Advancement of Science, Wash-
ington, D.C., page 5

9. Weber, op. cit., page 68.

A Simple Transistor Characteristic
Curve Tracer

Epwarp J. HiLp!

Abstract. A simple, inexpensive circuit for displaying the
grounded emitter characteristic of transistors on a cathode
ray oscilloscope is described. It is designed as a demonstra-
tion unit. With a calibrated oscilloscope, quantitative informa-
tion can be obtained suitable for laboratory experiments.

The characteristic curve tracer to be described here was de-
veloped to permit the immediate examination of an entire family
of transistor curves on an oscilloscope. Six characteristic curves
are displayed. Each represents the range of collector current as
a function of emitter-collector voltage for a particular base cur-
rent. The simplicity of the circuit makes it a very instructive
demonstration unit.

The curve tracer may be divided into three parts: (1) the
collector-emitter sweep voltage, (2) the base drive generator,
(3) the oscilloscope. The transistor is operated as a grounded
cmitter amplifier. The grounded emitter configuration is an
important type of circuit: it is the most commonly used in ampli-
fiers, and the parameters of transistors used in this circuit are
published in transistor handbooks.

R,, the load resistor, has a voltage drop proportional to the
collector current and this signal is applied to the vertical input
of the oscilloscope. R. is the base limiting resistor. Since the
maximum base and collector currents for a particular transistor
can be found in a transistor handbook, and the voltage that will
be applied is known, R; and R, may be determined by Ohm’s
law. For the TI492 NPN transistor, 1;, 2.2K and 56K were used
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Figure 1. Block diagram of transistor curve tracer.

for R; and R? respectively. The diode D; is a IN34A which is
inserted in such a direction as to produce the desired reverse
bias on the emitter-collector junction.

The AC collector voltage is provided by a variac. The basic
assumption is that the sinusoidal variac voltage is nearly linear
during the first 10% of the cycle. During this portion of the
cycle voltage increases as a function of time, just less than would
be expected from a linear source. Beyond the knee of the curve,
the current is independent of an increase in voltage, and there-
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Figure 2. Schematic diagr of the stepping relay base bias.
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fore the non-linearity of the variac voltage is not significant here.
(see figure 4) The horizontal sweep of the oscilloscope is ad-
justed until only the part of the transistor curve controlled by
the rising section of the variac voltage is shown on the screen.
For accurate quantitative work, a saw-tooth generator could be
substituted for the variac.

The bias of a transistor changes the resistance across the
emitter-collector circuit. While a staircase signal is put into the
base, the voltage applied to the collector is swept from zero to
the selected value on each input step. (A staircase generator
produces a signal which increases in voltage by increments and
then recycles).

Three methods have been investigated for applying the base
current. The simplest is to replace the generator with a six volt
battery and manually switch R. for each curve. The second
method innvestigated involved building a transistorized staircase
generator.!

Figure 3. Picture of entire curve tracer unit.

The method used to obtain figures 3 and 4 makes use of a
twelve position rotary stepping relay! which is pulsed by six
volts DC. Each resistor in the bleeder chain is 120 ohms. A cam
on a variable speed motor is used to trip a leaf type microswitch
to pulse the relay. The motor speed is about five revolutions
per second. Each consecutive pulse increases the voltage until,
after the sixth pulse, the traces recycle (see figure 2).
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Figure 4. The grounded emitter characteristic curves of a NPN, TI492.

Figure 4 shows the transistor characteristics. The ordinate is
collector current (in milliamperes); the abscissa is collector-
emitter voltage (in volts). The origins of the traces are not co-
incident, as in the manufacturer’s characteristics, because of the
difference in triggering and lower discrimination levels in the
oscilloscope.

These curves may be used to draw load lines in designing
grounded emitter amplifiers. The useful parameter hy (current
gain) may be estimated for most transistors within about 6%
Ale
A %)

To change the circuit to a PNP curve tracer, both the diode
and the base signal polarity are reversed. If NPN and PNP
transistors are to be interchanged, frequently, it is suggested
that two circuit be made on the chassis, using only one generator
and variac. This circuit may also be used in the grounded base
and grounded collector configurations with appropriate changes
in R; and R.. The entire curve tracer can be built with stepping
relay for less than ten dollars.

from this curve by the approximation
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