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NOTICE

JEDEC Standards and Publications contain material that has been prepared, progfessively
reviewed, and approved through the JEDEC Council level and subsequently reviewed and
approved by the EIA General Counsel.

JEDEC Standards and Publications are designed to serve the public interest through
eliminating misunderstandings between manufacturers and purchases, facilitating
interchangeability and improvement of products, and assisting the purchaser is selecting
and obtaining with minimum delay the proper product for his particular need. Existence
of such standards shall not in any respect preclude any member or nonmember of
JEDEC from manufacturing or selling products not conforming to such standards, nor
shall the existence of such standards preclude their voluntary use by those other than EIA
members, whether the standard is to be used either domestically or internationally.

JEDEC Standards and Publications are adopted without regard to whether their adoption
may involve patents or articles, materials, or processes. By such action, JEDEC does not
assume any liability to any patent owner, nor does it assume any obligation whatever to
parties adopting the JEDEC Standards or Publications.

The information included in JEDEC Standards and Publications represents a sound
approach to product specification and application, principally from the solid state device
manufacturer viewpoint. Within the JEDEC organization there are procedures whereby
a JEDEC Standard or Publication may be further processed and ultimately became an EIA
Standard.

Inquiries, comments, and suggestions relative to the content of this JEDEC Standard
should be addressed to the JEDEC Executive Secretary at EiA Headquarters, 2001
Pennsylvania Ave., N.-W., Washington, D.C. 20006.
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GUIDELINES FOR GaAs MMIC AND FET LIFE TESTING

(From Council Ballot JCB-92-16, formulated under the cognizance of JC-50.1 Committee on Gallium
Arsenide Quality and Reliability.)

1. GENERAL

These guidelines apply to monolithic microwave GaAs integrated circuits (MMICs) and their individual
component building blocks, such as GaAs field effect transistors (FETS), resistors and capacitors.

The objective of the tests described here is generally 10 estimate the expected lifetime of the devices at
operational temperatures; usually the median lifetime (50% failure) is used for this purpose. The standard
method for predicting device lifetime where this value is too large to be measured directly is to run a
series of life tests. Generally, only one parameter, usually the device temperature, is varied. A lifetime is
obtained at each temperature. These values are then extrapolated to the temperature of interest. In other
cases, the objective may be simply to determine the lifetime at a given temperature.

The purpose of this document is to define a standard approach for evaluating the expected life of GaAs
MMIC:s so that results from different life tests can be compared and so that a user of MMICs can predict a
lifetime for his application. It is assumed in the wording of this document that the MMIC contains at
least one FET, but the use of this document has no such limitation. Furthermore, the wording suggests
that the failures occur at the FET; if this is not the case, then the stresses, tests and failure criteria need to
be re-evaluated to ensure that they are appropriate to the failing component.

To perform the life tests, a sample of devices is selected from the lot and is subjected to a stress in excess
of normal use conditions to decrease the lifetime. The devices used can be MMICs. Alternatively, the
lifetime of MMICs can be determined by determining the failure rate vs time of component structures
within the MMIC, e.g., FETs, resistors, capacitors and bond wires, given the structure and temperature
profile of a MMIC. This latter calculation is not a straightforward one and a specific procedure is not
addressed in this document. If it is assumed that the failure mechanisms are independent, the percentage
of MMICs surviving 10 a given time is the product of the percentages of survival of each component.

Conducting accelerated tests of these devices can be very difficult because of the complexity of determining
the channel temperature, the high cost of large sample sizes (especially where radio frequency (RF)
stressing is performed) and the need 10 extrapolate 1o the temperatures of actual device use. In particular,
any difference in the techniques for determining the device thermal resistance that changes the thermal
resistance value will have substantial impact on the corresponding predicted failure rate. However, the
task of standardizing a method for determining channel temperature is still in progress.

JEDEC STANDARD JESD22-A108-A provides a general description of life testing and serves as a guide,
primarily regarding equipment. The provisions of that document are not considered binding here.

2 SCOPE

Life tests are run for various purposes. Tests run to detect the level of infant mortality involve short time
durations; unless the percentage of devices having infant mortality is extremely high, the sample size
specified in this document is not nearly sufficient. Tests to determine device lifetime for a specific
application may be conducted by or for a customer; here the stress and test conditions may be specific to
the application. Other life tests are run by a manufacturer and are concerned with determining the
lifetime of devices under typical or extreme operation.
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It is assumed that a given MMIC product is designated either as a power, general purpose, or low-noise
(or small-signal) device, based on the intended use of the product. For low- noise devices and passive
components, the RF voltage levels are small enough that it may be possible to simulate the stress
accurately by imposing only dc stress conditions.

This document applies both to packaged and unpackaged devices. Where the devices are bare die or in
packages not suitable for stressing except in sockets, additional failures may occur, due to the packaging,
which are not considered part of the product being tested. If this occuts, such failures should be excluded
from the population when calculating predicted failure rate.

Since it is not likely that every structure and failure mechanism in an MMIC is known when these
guidelines are written, some judgment must be used in applying the principles of this document to the
specific tests. Where an unusual circumstance forces exceptions to these guidelines, the exception shall be
stated in the life test report.

3. SAMPLE SELECTION AND SCREENING

The devices selected for life testing shall be representative of the lot being evaluated. If an
application-specific life 1est is being run, the screen used shall be no more stringent than the screen used
before shipment of the production product. For more general application, the test may include an
inspection and thermal and reliability screening to eliminate potential infant failures, so that enough
devices survive to allow a valid lifetime calculation.

Screens may include ¢lectrical measurements to eliminate devices that do not meet specification, thermal
resistance or x-ray techniques to eliminate devices that will operate at atypical channel temperatures, and
environmental stress to eliminate infant failures. The screening conditions and limits shall be included in
the life test data.

4. LIFE TESTS
4.1 Electrical and Thermal Characterization

Each of the devices to be life-tested (plus control samples) shall be electrically characterized in their life
test packages. Parameters (0 be measured will depend on the device function, but shall include every
parameter that has a failure criterion, and shall be measured using the same method as during the life test.
In some cases, the design of the MMIC will prevent measurement of certain parameters; otherwise, Idss,
drain-gate voltage at & leakage current of 1 mA/mm channel width, and, for the bias used in the stress,
operating current, transconductance, and S-parameters should be included. Power and general-purpose
devices shall have 1 dB compression point and, if possible, gate current, measured, while low noise devices
shall have noise figure data. RF data shall be taken as a function of frequency and include a point in the
center plus one point at each end of the band of interest for the device. These measurements will serve as
the reference points to compare against subsequent data to determine the level of degradation that has
taken place; consequently no change in the test conditions or tuning shall be made. Measurement may be
performed at any baseplate temperature at or below 125°C.

Thermal resistance shall be determined using infrared scan or any other test or modeling technique that
becomes widely accepted after these guidelines are issued. Experimental data shall be taken on at least
10% of the devices used for the life test to verify consistency. If the standard deviation of these
measurements multiplied by the device power dissipation is no greater than 5°C, the average value may be
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used for all devices; if not, then the relative thermal resistance of each device must be measured and used
10 determine the actual difference between case and channel temperature.

If a series of life tests is being run at different temperatures, the device thermal resistance shall be
determined at the case temperature of the second highest (+/- 25°C) steady state life test temperature. If
infrared scan is used, appropriate correction shall be made for infrared emissivity.

For packaged devices, if infrared scan or liquid crystal is used, an electrical method shall be used to adjust
the thermal resistance for the effect of the package lid; to do this, measure the device temperature using
the electrical method (or other accepted method) before and after the lid is applied, calculate the increase
in temperature, and add this to the value determined on the unlidded device.

The rise above ambient of the hottest location on a FET divided by the power dissipated by the device
shall be used as the thermal resistance unless failure analysis shows that the predominant failure location
is elsewhere. This value averaged over the devices measured may be used for all devices and temperatures
in the life test to convert between case and channel temperatures unless thermal resistance has been
determined on 100% of the devices. Thermal resistance at a channel temperature of 140°C +/-10°C shall
also be determined on a sample so that results obtained later can be related to a case temperature.

4.2 Step Stress Tests

If there afe no data available on similar devices that can be used to determine the stress temperatures to
be used, a step stress shall be performed. The step stress should use at least six devices, have the same
bias and RF input power to be used in the life test, start at 150°C baseplate temperature, proceed in steps
of 25°C of duration of at least 24 hours at each temperature, and with the electrical measurements to be
used in the life test made between every step. Similar step stress tests using constant temperature and
increasing bias or RF input power may also be used to verify reasonable bias conditions for life testing.

43 Choice of Ambient Temperatures and Other Operating Conditions

The highest steady state stress temperature used shall be based on an expected median life of at least 100
hours; if too long an interval is used, the lowest temperature life test may take an unreasonable time or
the life test temperatures may be 100 close together for a reasonable extrapolation. If the step stress test
is used, the highest steady state stress baseplate temperature shall be at least 20°C below the step stress
baseplate temperature which produces 50% failure in 24 hours. In addition, if it is known that the
dominant failure mechanism changes as the device temperature is raised above the temperature of
application, the life tests shall be performed at temperatures below that transition temperature.

There shall be at least three temperatures of steady state stress. The second shall be at least 15°C below
the highest, and the third shall at least 15°C below the second. In addition, if the lowest of the three
baseplate temperatures is greater than 200°C, a fourth sample of devices shall be run at a baseplate
temperature 50°C above the device maximum operating temperature (or, if this is not specified, at a
baseplate temperature of 150°C) for a minimum of 2000 hours to verify the validity of the extrapolation to
the operation range. At this temperature, few failures are expected, and the analysis method of 4.9 could
only state with high certainty that the median life is greater than 2000 hours. (A 2000 hour life at a
channel temperature of 200°C corresponds to 1 year at a device maximum operating temperature of 150°C
if the failure activation energy is 0.5 eV or 32 years if the failure activation energy is 2 eV.)

Stresses other than temperature can also be performed for the purpose of determining acceleration factots.

While they can not be expressed as activation energies, the dependence of device life on voltage, current,
and other variables relevant to the device can be determined; the devices can be stressed above normal
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