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NOTICE

JEDEC standards and publications contain material that has been prepared, reviewed, and
approved through the JEDEC Board of Directors level and subsequently reviewed and approved
by the JEDEC legal counsel.

JEDEC standards and publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
delay the proper product for use by those other than JEDEC members, whether the standard is to
be used either domestically or internationally.

JEDEC standards and publications are adopted without regard to whether or not 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 become an ANSI standard.

No claims to be in conformance with this standard may be made unless all requirements stated in
the standard are met.

Inquiries, comments, and suggestions relative to the content of this JEDEC standard or
publication should be addressed to JEDEC at the address below, or refer to www.jedec.org under
Standards and Documents for alternative contact information.

Published by
©JEDEC Solid State Technology Association 2018
3103 North 10th Street
Suite 240 South
Arlington, VA 22201-2108

JEDEC retains the copyright on this material. By downloading this file the individual agrees not
to charge for or resell the resulting material.

PRICE: Contact JEDEC

Printed in the U.S.A.
All rights reserved
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PLEASE!

DON’T VIOLATE
THE
LAWI

This document is copyrighted by JEDEC and may not be
reproduced without permission.

For information, contact:
JEDEC Solid State Technology Association
3103 North 10th Street
Suite 240 South
Arlington, VA 22201-2107

or refer to www.jedec.org under Standards-Documents/Copyright Information.
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Introduction

These guidelines apply to GaAs Monolithic Microwave Integrated Circuits (MMICs) and their individual
component building blocks, such as GaAs Metal-Semiconductor Field Effect Transistors (MESFETS),
Pseudomorphic High Electron Mobility Transistors (PHEMTSs), Heterojunction Bipolar Transistors
(HBTS), resistors, and capacitors. While the procedure described in this document may be applied to
other semiconductor technologies, especially those used in RF and microwave frequency analog
applications, it is primarily intended for technologies based on GaAs and related 111-VV material systems
(InP, AlGaAs, InGaAs, InGaP, GaN, etc).

The objective of the tests described here is to estimate the expected wear-out lifetime of the devices at
operational temperatures and normal electrical bias conditions; usually the median lifetime (50% failure)
is projected for this purpose. The standard method for predicting device lifetime, where this value is too
large (many years) to be measured directly, is to run a series of accelerated life tests. Generally, only one
parameter, usually the device ambient temperature, is varied. A lifetime distribution is obtained at each
stressed temperature. These values are then fit to an acceleration model and 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
MMICs so that results from different life tests can be compared, and so that a user of MMICs can predict
a lifetime for a specific application. It is assumed in the wording of this document that the MMIC
contains at least one FET or HBT, but the use of this document has no such limitations. Furthermore, the
wording suggests that the failures occur at the transistor; 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 and subjected to a stress in excess of normal use
conditions to accelerate the failure or 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, PHEMTSs, HBTSs, 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 to 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 Tc in the PHEMT or junction temperature Tj in the HBT, the high
cost of large sample sizes (especially where radio frequency (RF) stressing is performed), the possible
device damages by EOS or mishandling during the multiple measurements, and the need to extrapolate to
the temperatures of actual device use. In particular, any difference in the techniques for determining the
device thermal resistance that results even in a small change of the thermal resistance value may have
substantial impact on the corresponding predicted failure rate. For example, every 10°C increase in
channel temperature would result in a factor of 1.5 to 3 in device lifetime reduction for activation energy
of 1 eV according to Arrhenius model. The task of standardizing a method for determining channel or
junction temperature is not addressed by this document; however, whichever technique is used should be
documented and described in any resulting life test report.
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Guidlines for GaAs PHEMT/MESFET and HBT Reliability Accelerated Life Testing

(From JEDEC Board Ballot JCB-18-35, formulated under the cognizance of JC-14.7 Subcommittee on Gallium
Arsenide Reliability and Quality Standards.)

1 Scope

Life tests are run for various purposes. Tests run to detect the level of infant mortality involve short time
duration; 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.

It is assumed that a given MMIC product is designated either as a power, general purpose, or low-noise
(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 bias.

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

Since it is unlikely that every structure and failure mechanism in a 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.

2 Related documents

JESD91, Method for Developing Acceleration Models for Electronic Component Failure Mechanisms

JESD226, RF Biased Life (RFBL) Test
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3 Sample selection and screening

Screens may include electrical 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 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. The screening conditions and limits shall be included
in the life test report.

The devices selected for life testing shall be representative of the lot being evaluated. If an application-
specific life test is being run, the screen used shall be no more stringent than the production screen used
before shipment of the product. For example, if a stabilization bake burn-in is not a standard process
before product shipment, the selected device samples should not be baked before reliability lifetest.

4 Life tests

41 Electrical and thermal characterizations

Each of the devices to be life-tested (plus control samples) shall be electrically characterized in their life
test packages prior to, periodically during, and at the end of life test. In addition to spot measurements,
some functional 1-V curves should be measured periodically with full electrical sweep to allow
identification of the fundamental failure mode as well as any secondary modes. If the device has failed
due to an EOS or ESD event, then simply measuring some spot parameters may not reveal the true cause.

Parameters to 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, the following
measurements should be made periodically:

PHEMT/MESFET

Spot measurements:

1. Saturated drain-source current (ldss), pinch-off voltage (Vp), channel-on resistance (Ron),
transconductance (Gm)

2. drain-gate voltage at a reverse leakage current of 1 mA/mm channel width (BVdg)

Functional curves:
1. I-V family curves
2. Transfer curve
3. Forward and reverse diode characteristics
4

RF characteristics (such as gain, output power, noise figure; as appropriate for the technology
and/or application)
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4.1 Electrical and thermal characterizations (cont’d)
HBT

Spot measurements:
1. Current gain beta () and emitter resistance (Re) at nominal bias conditions (Ib, Ic)
2. ldeality factor;

Functional curves:
1. I-V family curves
2. Gummal plot
3. Forward base-collector and base-emitter diode characteristics;
4

RF characteristics (such as gain, output power, noise figure; as appropriate for the technology
and/or application)

During accelerated stress, if possible, the in-situ stress voltage and currents for both gate (base) and drain
(collector) should be recorded to monitor the degradation drift over time.

Power and general-purpose devices shall have 1dB compression point and, if possible, gate (base) 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 base plate temperature at or below 125 °C.
Measurements made at elevated temperatures should be correlated to room temperature measurements.

Due to the sharp temperature dependence of degradation rate in GaAs transistors, it is vital to perform
accurate assessment of device channel or junction temperature under various electrical biases. Thermal
resistance shall be determined using infrared scan or any other test or modeling technique that becomes
widely accepted after these guidelines are issued. For HBT, electrical measurements are widely employed
using the Dawson [4] or Yeats [5] techniques. For PHEMT/MESFET, there has been no well-established,
simple electrical technique to measure the thermal resistance. Alternatively, Cooke’s model [6] has been
widely used to calculate the channel temperature based on the FET geometry.

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 used for all devices. If this is not the case, then the relative thermal
resistance of each device must be measured and used to determine the actual difference between case and
channel temperature.

If a series of life tests is being run at different temperatures, due to a strong temperature dependence of
thermal conductivity in GaAs, 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.
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