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Abstract — Thermal-electric testing is one of the obligatory
types of testing in the development of electronic products and
their mass production. Exposure to elevated temperature and
electrical load allows accelerating the processes in the structure
of materials of the product, leading to the appearance of defects
and subsequent failures. The automated measuring complex has
been developed with the aim of increasing the reliability and
efficiency of ftesting electronic components, in particular,
microcircuits of sets of resistors. The complex provides an impact
on the object test voltage up to 200V at temperatures up to 250°C.
The distinguishing features of the complex are the presence of
electronic commutation of power circuits, the rapid acquisition of
data on the testing process in electronic form. High metrological
characteristics, automation of the measurement process allows to
increase the reliability of tests while reducing time and material
resources.
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system, failure, temperature, voltage, reliability, control.

I. INTRODUCTION

The reliability of complex measuring, control systems,
electronic devices for various purposes is largely determined
by the characteristics and reliability of the electronic
components in their composition. Deviation of electrical
characteristics from the established norms, deterioration of
quality, failure of one of their components, for example, a
resistor, can lead to a malfunction of a complex electronic
system.

Rejection of early failures at the level of radio-electronic
components is faster and cheaper than at the level of printed
circuit boards or equipment. If potentially unreliable samples
of electronic products will not be rejected at an early stage,
they will manifest themselves as early failures later in the
process of manufacturing printed circuit boards, blocks or in
the initial period of operation of electronic systems and
devices [1]. Therefore, from an economic point of view, it is
more profitable to detect potentially unreliable products at
the output control stage than after it has been installed in the
equipment..

II. FORMULATION OF THE PROBLEM

At present, there are two generally accepted ways of
improving the reliability of manufactured electronic
components [2]:

1) eliminating the causes of failures in the manufacture of
products by studying, improving the production process and
increasing control, that is, influencing the production process
through feedback transmission of information and the
creation of ultimately defect-free technology;
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2) identification and removal of products with failures
(valid and potential) from the finished batch prior to delivery
to the consumer.

The most effective method of improving the quality and
reliability of manufactured products is the first method. It is
necessary to make every effort to achieve more efficient and
operational production feedback. One of the means to
achieve high quality and reliability of radio-electronic
components is to conduct a complex of tests during their
development and mass production. Tests, during which the
product is affected by a complex of external factors, is an
effective method of identifying products, with potentially
low quality and low reliability indicators.

The process of destruction of materials of the product,
leading to the occurrence of a failure, is accelerated with
simultaneous exposure to an elevated temperature and the
application of a pulsed electrical load to the product. The
electrical load level can exceed the nominal more than 10
times, for example, when testing resistors, the electrical load
can reach 12P,, where P, is the rated power dissipation of
the test resistor.

The value of the nominal power depends on the product
design, the geometric dimensions and the physical properties
of materials. For example, for resistors, the higher the heat
resistance of structural and resistive materials, the higher the
permissible power dissipation for this structure. With an
increase in the ambient temperature, the heat transfer
deteriorates and the resistor is heated above the permissible
temperature. For each type of resistor, a limiting temperature
is established at which it can be loaded with a nominal
power. For non-wire resistors it is 100 - 120°C, for wire ones
it is higher. The limiting operating voltage of a resistor is the
maximum voltage for a given type of resistor at which it can
operate for a long time without changing its parameters. The
power generated by this resistor should not exceed the
nominal. For high-resistance resistors, the maximum voltage
is limited by the breakdown voltage, and for low-resistance
resistors with a resistance R, the dissipation power Pqop is [3]:

Unax = (Pdop'R)l/2 (1)

Irreversible temperature changes in the resistance of the
resistor occur after prolonged exposure to elevated
temperatures or after several temperature cycles. Most types
of non-wire resistors allow operation at temperatures from
minus 60 to (100 - 150)°C and higher. Wire resistors can
operate at higher temperatures.

Aging of electronic components is manifested mainly in
the change of their electrical characteristics, which is caused
by structural changes in the materials of construction due to
crystallization, oxidation and various electrochemical
processes, as well as by changing the properties of transient

978-1-5386-6525-1/19/$31.00 ©2019 IEEE



2019 International Seminar on Electron Devices Design and Production (SED)

contacts. Aging processes are accelerated under conditions of
elevated temperatures, humidity and with an electrical load
that can be applied to the test product in a pulsed mode.

In a pulsed mode, repeated current pulse pulses pass
through the product, the instantaneous values of which can
exceed the values of the continuous load mode. Pulsed power
can significantly exceed the power of the scattering with a
continuous load.

III. TEST GOAL

Testing for pulsed thermal electrical training consists in
testing the operability and control of the electrical
characteristics of the product during its operation when the
electrical load is applied at elevated temperatures. This type
of test refers to a forced failure test. The purpose of the test is
to search for products that have hidden internal defects. Also,
these tests allow to identify defects in products caused by
violations of technology. Timely detection of products with
low quality helps to significantly reduce the number of
failures during their operation. The radioelectronic
components that have successfully passed thermoelectric
training tests have a lower failure rate, which significantly
increases the reliability and quality of the electronic systems
and means in which they are used.

The purpose of electrothermal training is to provide a
load equal to or slightly less than the maximum allowable
during operation, or to provide such equivalent test
conditions that would allow in a short time to reveal the
maximum number of potentially unreliable products in the
tested batch.

It is usually considered that training selected for a
particular type of product, and subsequent electrical tests,
can detect and reject 100% of potentially unreliable products.
In practice, from 5 to 20% of the total number of potentially
unreliable products remain undetected due to operator errors,
shortcomings of the testing apparatus and time limitations
during which the products are being trained [2]. Efficiency
and reliability of tests is achieved by automating the process
of electrical testing of products, by reducing the time and
material costs of testing, creating electrical effects with
higher metrological characteristics, as well as the possibility
of obtaining information about the modes and results of tests
in electronic form for further analysis and processing.

Thermoelectric training of active electronics products can
be carried out using the following various methods in the
following modes: static with reverse shift of transitions; in
static with direct shift of transitions; in dynamic with
sequential or parallel excitation; ring generator; power
cycling, that is, in the on/off mode. The methods of training
various radio-electronic components are in principle similar,
but differ considerably in details. Rectifier diodes are usually
trained in reverse bias or single-half-wave mode. Transistors
can be subjected, along with forward bias, to additional
training using reverse bias. Power transistors are trained
either in the same mode or in the mode when the dissipated
power provides a higher transition temperature.

In the process of testing, the products should operate at
the maximum allowable voltage and maximum possible
temperature. However, at this temperature there should be no
thermal overload, changes in logical states, and also a high

current density in the metallization is not permissible. It is
known that some imperfections in the design and violations
of the technology in the manufacture of semiconductor
products can occur during tests both at elevated and at low
temperatures. At elevated temperatures, the diffusion of
impurities and charges on the semiconductor surface is
accelerated, the ion mobility in the oxide increases, the
moisture and gas separation of the product parts increases,
the aging process of the alloys is accelerated, and mechanical
stresses are better detected. The temperatures at which the
tests are carried out are usually 55, 70, 85, 100, 125 and 150
degrees Celsius.

The effectiveness of thermoelectric training tests on
complex radio-electronic components depends on the
excitation circuits and loads used, as well as the temperature
and duration of the training process. Tests in a static mode
helps to identify integrated circuits with surface defects,
which manifest themselves in the form of leakage currents or
a decrease in performance. The duration of the training
remains a challenge for both the manufacturer and the
consumer of the products. A small number of failures can be
interpreted as a consequence of an insufficient test duration
and, conversely, a large number of failures can serve as
evidence of an excessive duration of training.

When the optimum training mode is selected, it is
necessary to find the optimum time for it. It was established
that in the process of rejection of semiconductor products,
thirty-hour training at a temperature of 150°C is equivalent to
a training regime for 168 hours at a temperature of 125°C.
However, it should be borne in mind that at elevated
temperatures, damage may occur due to large uncontrolled
internal currents or other causes that are not controlled by
high temperatures during training.

Usually, the test temperature is 125°C, and the test
duration is taken to be: minimum - 48 hours, maximum - 168
hours. The optimal duration, in terms of economic efficiency,
is 96 hours. In practice, the test time can be set by
conducting repeated tests on batches of products
manufactured at different times by monitoring electrical
parameters every 24 hours. If, for example, after 72 hours
there is no failure, then the test time is chosen to be 96 hours,
that is, determined by the quality of the products. Training
provides little information: when, where and why failures
occur. It simply identifies broken products and often after a
long check of the system of electrical parameters.

Under actual operating conditions, radioelectronic
components most often work periodically, that is, they are
subjected to a sudden supply of an electrical mode, and then
a sudden shutdown. It is noticed that often the products work
reliably in a constantly on mode, but their reliability drops
depending on how often the mode is turned on and off.
Therefore, in recent years, it has become widely used in
testing the intermittent mode, that is, the cyclic change of the
electrical effects of "on/off", often referred to as energy
cycling mode. The product can be tested in any switching
mode (static or dynamic), but the installed electrical input
signals are periodically applied or disconnected.

The most common mode of energy cycling received in
the manufacture of high-power transistors in plastic cases. If
the power transistor is subjected to multiple on and off, then
with poor-quality soldering of the crystal, this defect will be
detected during training. For low-power transistors, the



2019 International Seminar on Electron Devices Design and Production (SED)

transition temperature of the transitions corresponding to the
on-off mode is insignificant, and as a result, before the first
failure they withstand a much larger (by two or more orders
of magnitude) number of cycles than powerful products.

IV. DESCRIPTION OF THE AUTOMATED COMPLEX

The authors have developed and manufactured an
automated measuring complex for carrying out pulsed
thermal electrical training of the most widespread electronic
products (resistors, micro-circuits of sets of resistors, digital
and analog circuits) under the influence of pulsed electrical
loads in the temperature range from 50°C to 250°C.
According to the normative technical documentation for
most types of radio-electronic components, pulsed
thermoelectric training should take place when a pulsed load
is applied to them for at least 3 hours at given temperatures.
The developed complex provides for the formation of pulses
with a duration of 50 ms and a repetition period of 1 s, the
amplitude of which can be changed in the range from 0 to
200V [5]. The developed automated measuring complex
(Fig. 1) consists of a control unit and two heat chambers,
which increase the number of simultaneously tested
products.

<

Fig. 1. Complex for impulse thermal training

1 - heat chamber Nel; 2 - control unit;
3 - heat chamber Ne2

The complex provides the formation of pulses with a
duration of 50 ms and a repetition period of 1 s, the
amplitude of which can be changed in the range from 0 to
200V.

The control rack provides smooth adjustment and
measurement of the test voltage in two ranges: from 0 to 40
V and from 0 to 200 V. The heat chambers are designed to
obtain the set values of temperatures. The developed
installation has two channels for supplying test voltage in
each range. Each channel includes an automation board, an
autotransformer, a transformer, and a digital voltmeter. The
autotransformer is used to adjust the amplitude of voltage
pulses in the range from 0 to 200 V, the transformer to adjust
the amplitude of voltage pulses in the range from 0 to 40 V.
Using two transformers in one channel allows for smooth
adjustment of the power supplied to the load from 0,01 to
400 W. A digital voltmeter is used to monitor the voltage

applied to the load. A two-channel oscilloscope is used to
visualize the pulses of the test voltage. The installation is
equipped with a blocking circuit, light and sound alarm in
case of emergency or faulty situations. After the time of
training in the installation, the possibility of automatically
disconnecting the test voltage is provided.

The control rack consists of a control unit and a power
unit (Fig. 2). The control unit consists of digital voltmeters,
an oscilloscope, and automation boards. The structure of the
power unit includes transformers, power switches and
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interlock circuits.

Fig. 2. Appearance of the control unit and the power unit
of the control stand

The test complex is powered from a single-phase AC
network with a voltage of (220 + 22) V and frequencies (50
+0.5) Hz.

If during the tests the consumed current in the load for
any reason exceeds the value set on the control unit, the
channel for creating the test voltage automatically switches
off simultaneously with the activation of the audible and
visual alarms.

The use of a microprocessor-based control unit allowed
to equally distribute the load on the power supply circuits,
which eliminates the possibility of failure of expensive test
equipment.

The algorithm for conducting electrical testing with the
help of a measuring complex is as follows. The operation of
the complex begins with the process of its testing, in which
the possibility of adjusting the voltage and its compliance
with the set values is checked, as well as the possibility of
visualizing the process carried out with the help of a digital
oscilloscope built into the complex.

If the test results are positive, the complex is ready for
operation. The operator sets the tested electronic products in
contact-clamping device and places them in the heat
chamber. Next, the operator establishes the necessary modes
of electrothermography and turns on the heat chamber. The
complex measures and adjusts the temperature in the
working volume of the chamber. When the required
temperature in the working volume of the chamber is
reached, the complex delivers a pulse voltage to the subjects
of the project with the parameters necessary for the type of
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product being tested. In the process of testing, the amplitude
and duration of the pulses are measured. In case of their
inconsistency given, the test pulse voltage is automatically
disconnected. If the test modes are in accordance with the
established parameters, the training takes 3 hours, after
which it will automatically turn off.

CONCLUSION

Analysis of the test results show that if more than 50% of
the cases are catastrophic, then this indicates
uncontrollability and non-stability of the technological
process. Failures in this case manifest themselves practically
in the first 12 hours of testing. Analysis of the test results
shows that more than 90% of product failures are due to the
departure of their electrical parameters for the established
norms. With a stable technological process of manufacturing
products, when the number of failures during the conduct of
tests for thermoelectric training is less than 1%.

Analyzes that failed during testing of products that had
an output of electrical parameters for a tolerance established
in the technical conditions showed that when these circuits
were rechecked in 24-48 hours, some of them are included in
the parameter tolerance, that is, they become valid.
Therefore, it is necessary to introduce the following
restrictions on the time for testing the products after
conducting the heat-electric training tests: start measuring
electrical parameters almost immediately after removing the
products from the heated heat chamber and finish checking
the entire batch no later than 8 hours, that is, in one shift.

The introduction of the developed automated measuring
complex into the technological process of producing
electronic components allows increasing the efficiency and
quality of testing for pulsed thermoelectric training. The
effectiveness of test automation for the electronics industry
can be assessed by the following indicators:

— increasing the stability of maintaining the temperature
in the chamber of heat from = 3°C to = 1°C with an accuracy
of control of the set temperature equal to no more than
+ 1°C;

- an increase of 30% in the number of switching cycles
due to electronic switching of power circuits;

- the ability to supply test voltage through two channels
(from 0 to 40 V, and from 0 to 200 V) with a decrease in the
limit of permissible relative error of measurement of the
effective value of the test voltage to + 1%;

- improving the reliability of testing and reducing rejects
during testing by improving the metrological characteristics
of electrical voltage pulses;

- the ability to monitor the progress of the tests on
thermo-electrical training, the duration of which can reach 3
hours, as well as the rapid receipt of data on the test process
in electronic form,;

- 5% reduction in the number of personnel for testing.
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