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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDELINES FOR GaAs MMIC
AND FET LIFE TESTING

FOREWORD (\

A PAS i§ a technical specification not fulfilling the requirements for a stapdard,

public a

IEC-PAS
devices.

The text of this PAS is based on the
following document:

A\
Draft PAS /\\

\ 47/1}197/RVD

ble to the

Followin ubcommittee concerned will invegtigate the

possibilit d.

An IEC-PAS licence of copyrig \ t of copywight has been signed by the IEC and JEQEC and is

recorded at the Central Qffice.

1) The | mprising all
nation hational co-
opera in addition
to oth ommittees;
any IH ternational,
gover n. The IEC
collab| conditions
deterrn

2) The f hternational
conse) \ | interested
Natioal Committéess

3) The documents\produced have the form of recommendations for international use and are published in [the form of
standards, technical specifications, technical reports or guides and they are accepted by the National Committees in
that sense,

4) In orderto promote international unification, IEC National Committees undertake to apply IEC International Standards

transparently to the maximum extent possible in their national and regional standards. Any divergence between the
IEC Standard and the corresponding national or regional standard shall be clearly indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this PAS may be the subject of patent rights. The
IEC shall not be held responsible for identifying any or all such patent rights.
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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

Thesegln ines-anes o-monolithic-micro o . : od-cirerits
component building blocks, such as GaAs ﬁeld effect lransmtors (FETs) resi

ividual

The objegtive of the tests described here is generally 10 estimate the gxpe S at
operationgal temperatures; usually the median lifetime (50% failure) I tandard
method fqr predicting device lifetime where this value is too large a
series of ljfe tests. Generally, only one parameter, usually the dévice temperaty ied. ifgtime is
obtained gt each  temperature. These values are then extrg polatedhto [n other

lagting the expected life of (GaAs

MMICs so that results from different life tests ea - »that a user of MMICs can predict a
lifetime fqr his application. It is assumed in\the ing of thisc ent that the MMIC containg at
least one FET, but the use of this documep h limitation. Furthermore, the wording suggests
that the f3ilures occur at the FET; if th1s i8 ¢ case, then rhe stresses, tests and failure criterial need to

be re-evalhated to ensure tha

To perforin the life tests,|

profile of @ MMIC. er calculativnisnot a straightforward one and a specific procedure is go
addressed |in thi ; i ed that the failure mechanisms are independent, the perc}
of MMICs ivi Agiven tin ie product of the percentages of survival of each component.

{ from the lot and is subjected to a stress in excess
of normal|use conditions|to deCrex: e Jifetime e devices used can be MMICs. Alternatively,|the
lifetime of MMI bc - : ining the failure rate vs time of component structures
within thel MMIC, TS, Tesidtors, X apa itors and bond wires, given the structure and temperafure

t

ntage

e devices can be very difficult bwause of the oomplexny of detgrmining

ie need to extrapolate to the temperatures of actual device use. In pafticular,

any differgnce in the iques for determining the device thermal resistance that changes the thermal

resistance |value will have substantial impact on the corresponding predicted failure rate. However,

the

JEDEC S ANDARD JESDZZ A108 A prowdes a gcneral dw:npnon of lee tesnng and Serves as 2 guide,

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 deYcEs\a%\l,)are die or in
packages not suitable for stressing except in sockets, additional failures may occut, due to\the packaging,

which are ot considered part of the product being tested. If this occurs, such(failur be ex¢luded
from the population when calculating predicted failure rate.

Since it is ot likely that every structure and failure mechanism in an '
guidelines are written, some judgment must be used in applying the~pringi i sdment to the
specific tess. Where an unusual circumstance forces exceptions fe_these ideti ¢ exception shall be
stated in the life test report.

3. SAMPLE SELECTION AND SCREENING

The deviceq selected for life testing shall b¢
application{specific life test is being run, the s¢reen use used
before shipment of the production product. e ge
inspection and thermal and reliability screening
devices suryive to allow a valid lifeti

g, devices that do not meet specification, thermal
will operate at atypical channel temperatures, and

e screening conditions and limits shall be included in

Screens may include ¢lectrica
resistance dr x-ray technique
environmenftal stress £0. elim
the life test

In somc

shall have npise‘figure data. RF data shall be taken as a function of frequenc.y and include a point i
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 metw be used to adjust
the thermial resistance for the effect of the package Iid; to do (his, measure

be used, -
bias and RF input power ta/be use h best, ) a4 '150°C baseplate temperature, proceed|in steps

of 25°C df duration of at lea 24 ; eact ature, and with the electrical measurementy to be
used in t : ; nilar/step stress tests using constant temperature{ and
increasing bias or ed to verify reasonable bias conditions for life testing.

43 Choi¢e of Amb liperatures and Other Operating Conditions

The high ¢ 54 € ¢ used shall be based on an expected median life of at ldast 100
hours; if Ig.aminterva sed, the lowest temperature life test may take an unreasonable tifne or
the life ¢ ; be 100 close together for a reasonable extrapolation. If the step strpss test
is used, t ighe y state stress baseplate temperature shall be at least 20°C below the step ftress
baseplate]te 3 produces 50% failure in 24 hours. In addition, if it is known that th
dominan fallu € anism changes as the device temperature is raised above the temperature o

applicatign, the life s'shall be performed at temperatures below that transition temperature.

temperature Maximum operating temperature (or, if this is not specilied, at a
baseplate temperamre 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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operating conditions 10 accelerate the test. Analysis of the data is similar to temperature dependence
except that the functional dependence on each variable may be different. When using electrical overstress,
the device temperature may change enough to impact device lifetime, and the ambient temperature of each
electrical overstress group may have to be different to keep the FET channel temperatures equal.

4.4 Electrical Stress

During the step stress and life tests, the devices shall be operated under recommé:fchr\omrational
electrical strEss. in the life
with dc

compressio ;
frequency shall be stated in the life test report. If the life test is b m a‘specific user, the
operational ¢ and RF stress for the application shall be used

s.Qecurrence of catastrophic
failure and ad]ust the equipment so that the appla d’stresses (temperature, current, voltage, etc.) are
unchanged eSE in i - this section. Since the ideal|life
test is perfofmed at constant temperature ahd with constant eles rical siresses, any drift in device
performance prevents the ideal from being me GETiNg et shall be used to determine the best
compromise|in keeping the electrical stresses g mperature of the dewc&s on the baseplate

During the Ee tests, the devices shall be monitored periodically to

compromise] This compromise/she e
undersiands [the life test conditions, af BCe Others facing the same problem in subsegpent

life tests.
To facilitate fa:lure c stress. citeyi from
the device opce it has\failéd; this practice will minimize subsequent damage due to a runaway conditipn

such as a shorted FE
4.5 Sample Size
A minimu

which are ta
calculated cg

A the

Allocation of the devices to the various stress temperatures is optimized by the technique of ref. 3 (pp. 320
- 327). Since the lowest stress temperature (assumed greater than the operating temperature of interest)
has the greatest impact in the extrapolation to the temperature of interest, more devices should be stressed
at the lowes| temperature than at the others.

4.6 Failure Criteria

The failure criteria shall be expressed as a parametric change and shall be stated if differens from those
listed here. Unless stated otherwise, drain and gate voltages used in measurement shall be kept constant,
allowing currents under measurement conditions to vary. Measurement temperature shall be consistent
with 4.1.

Changes defining failure:
Current (operating or Idss) +/- 20%
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Gate bias current as specified by manufacturer
Transconductance +/- 20%
RF small signal gain +/-1dB
Power added efficiency +/- 20% of initial value (amplifiers only)
Output power at | dB gain
compression - 1 dB (power devices only)
Noise figure +/- 0.5 dB (low-noise devices only)
[solation - 3 dB change and l&; han 20n\dB final isolation
(switches ounly)
Switching time + 100% (swuc
Insertion |loss
Phase errpr +/- 11°C
Other as specifie
Operating current is defined as the current when the device-is-biase as at the start of the life test.
Control
4.7 Data g
Section 4.6 (or an alternate definition) state it ¢ faildre.” Measurement of all these parameters
shall be taken at intervals suggested by the step stress ré Devices may be, but do not have to|be,
removed from the life test fixt P ; uscd for fitting a line shall start after 10%
of the sample has failed ﬁve

The purpgse is to interpola

If the life [test is ,
a normal dlstnbutlo of N

between t
more dat
in fitting

The time at which parametric failure occurred for a given device can be obtained by interpolation of
parametric data, 1f so desired, this time may be used in the graphing in 4.9. (This is not done in Appendix
B.) This approach creates a slight bias to the data, as described by the concept of median ranks. One
formula for removing this bias is to define cumulative failure fraction as

(i-03) /(N + 0.4)

where: i = number of failures and
N = starting population (ref. 1, pp. 112-114).
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4.8 Failure Analysis

Examination using a microscope shall be performed on every device failure to determine the failure site.
Full failure analysis shall be performed on representatis. samples 10 determine the failure mechanism.
Failure mechanisms which are incidental to the test, e.g., test fixtures, and broken bond wires on devices to
be sold unpackaged, shall be reported, but may be ignored in subsequent calculations if it is determined
that the failure was ot caused by the dewce A sample of parametnc failures (b 1 of them, to

avoid their destn

4.9 Data

Analysis shall be performed and reported separately for each faifure mo de. :

described in 4.7 wi i ilore - ime. data
shall be anglyzed to determine a statistical distribution that fi ata. ded

that the dafa be plotted on paper having axes that make ‘ aj rmal
paper. Fro .., ME J

determined| If the curve is not linear, one

An aliernatjve is to transform the data. Fo example data-to(a lognormal distribution, use thg
standard ndrmal variate (z) using a norma ble copresponding to the value of phi that equals
the cumulative failure fraction

The range of these parameters

It is not necessary @)

DNg as

there are enough intervg the

number of

Lifetimes a 3 tive

failure curv ample size is used, there will be few device failures contributing o the

e confidence interval will be much larger than for the median life.
0 assufne a given failure distribution, use the parameters for the distribution, e.g.,
igia (shape factor) for lognormal, and calculate the time to 1% failure based|on
approach is acceptable so long as it is stated and the cumulative failure curves fare

1% cumuld]
alternative app »
t50 (median life) an
this distribytion; this
provided.

Mean time pofailure (MTTF) may be determined by assuming a failure distribution which fits the data
well, and istributi

MTTF = t50 « exp|(sigma «+2)/2}.
For a Weibull distribution with shape parameter m and characteristic life parameter c,
MTTF = ¢ * gamma(l + (1/m}],

where gamma| ] is the gamma function. [t is important to distinguish among median life, MTTF and
MTBF. The life test report shall state that since failure rate is generally not a constant, the reader of the
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report needs to use this calculated MTTF with care and not to use it for mean time between failures
(MTBF).

When life test and failure analysis data indicate that more than one failure mechanism is present in the
sample, the calculation of [ailure rate shall be conducted separately for each mechanism. Sometimes, part
of the sample will fail by one mode, e.g., broken bond wires, then subsequent failures will fail by a
different mode, e.g. shorted FET; in this case, the sample may best be treated as two separate populations.
These fallurc rates can be added to determme the total failure rate, as desctibe cxt paragraph. It

should be

If the datp analyst observes that the cumulative failure plot has a nearly izontal sectio : may
contain two populations, one with an infant failure mode and one i : ly cause
all devices having the infant failure mode to fail. Once failure anal re
enough data pomts the analyst will be able to determine the id¢ 3lculate
the medid .7
applies tqg

If devices the
failure mg to
handie thjs problem is to use a hazard plo

4.10 Activation Energy and Extrapolated

The logar] of the
channel t4

temperaty

These val ilate the
median life and i al at a channel temperature of 140°C. Statistical techniqyes are
described i

The acti _ € calculated using failure percentages other than 50%, but generally there
will be a ertainty. This calculated activation energy should not vary with the choice of

atistics of dealing with small sample sizes. In the first case, the analysis is complicated
ly, and life tests may have to be run at additional temperatures. In the second case, a weighted
average (weighted by the reciprocal of the square of the confidence interval) should be used as a constant

5. REPORTABLE DATA

The following data are required to adequately define the results of a life test.

5.1 Devices

Manufacturer’s device number, electronic function,and whether it is low-noise, general purpose or power;

Package description, and whether packaging failures are included as failures;
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Screening methods and criteria;

Average thermal resistance at the two temperatures and method.

5.2 Stresses

Case temperatures; (\

Number of Hevices for each temperature; N

Electrical s{ress: bias conditions, RF input or output power and compariso compressign pqgint;

Definition of failure.

53 Analysig

Principle fajlure mode and mechanism,

Plot indicat
Assumed lif
Plot indicati
6. REFERE
1. Tobias an
2. Nelson, A

3. Nelson, A ti Models, Test Plans and Data Analysis, Wiley, New York, 1990.

General: Baki Control: Statistical Techniques, ASQC Press, 1985,



https://iecnorm.com/api/?name=5afe2bf11620b6d9f0d9c0837c8bf4d2

Copyright © 1993, JEDEC; 2000, IEC
JEDEC Publication No. 118

Page 9

APPENDIX A: STATISTICAL METHODS
(In Appendix A, the notation T50 is used rather than t50 to distinguish from the t-statistic.

UNCERTAINTY OF A NUMBER OF FAILURES

When a small number of failures (or a small number still good) have occurred, the statistical uncertainty is

large. This makes thc data at the ends of the cumulanvc fallure curve less certaij than he data at the

. . % gives
them too jmuch lmportance This is the motivation in 4.7 for restricting the range : 3 ilure to

Given a population and a percentage failure, the percentage fai tion
may be quite different. Inferrmg data on the population from the g, th : ip the
populatio ¢ ) . . pp’ 590-1) can be uped to

determing t is that
the percentage confidence interval of the time for a givem fai age i ilpre.

FITTING

ince the standard deviation of the avgrage of
he number of individuals in the group, it

An intuiti
a group is

follows red - ghting int should be the reciprocal of the square of the
confidence interval. This co e i 3 erval on the graph paper between the 60% (pr other
percenlagi) limits for each\poi S ative failure plot. Hence the weighting is influenced| by the
number failing (o1 4 through the numerical vaiue of the interval and
indirectly throug aildte fraction axis. For both reasons, points in the fegion
of 50% fajlure get weigl I \points at the extremes.

There are ~ g congaining linear regression, which will fit a line to a group of|data
points. W P - od-described in the previous paragraph is used, the error in fitting a line
to the data wif inimized by having several data points between 10% and 90% cumulative failure.

CONFIDE! OR MEDIAN LIFE
The mini i e confidence interval of a median life for a device following lognormal
distributi

In [T50(B)min} = In[T50] - sigma«t(N-1,B)/sqrt(N),
where: InHs-the-naturat-ogarithm

N is the sample size

T50 is the median lifetime as determined by fitting a curve to the cumulative failure plot
t(N-1,B) is the t-statistic for N-1°C of freedom and a confidence level B

sigma is the lognormal shape factor.
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For sample sizes typical of life tests, the t-statistic can be approximated by the inverse standard normal
cumuiative distribution function (ref. 2, p. 577, where "phi” is used as "B" above and "u" is the inverse
standard normal cumulative distribution function) with little loss of accuracy.

For the minimum limit at any other failure fraction, substitute the time to reach that failure fraction in
place of T50 and the smaller of "2+n" and "2«(N-n)" for "N", where n is the number of devices failing at
the failure fraction of interest. For small "n” or small "N-n", the use of the normal in place of the t-

statistic may not be justified. The fractional confidence interval will increase as the failure fraction

changes from-9-5: N

@C@

<
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APPENDIX B: EXAMPLE OF A LIFE TEST

In this appendix, a life test is performed to serve as an example of the method of determining the lifetime
distribution parameters from accelerated test data. The lognormal distribution is used in the example, so
the parameters of interest are t50 (median life) and sigma (lognormal shape factor). Similar calculations
can be performed using other distributions e.g., Weibull, and should be performed if the cumulative failure
curve does not appear as a straight line on lognormal paper.

n the

¢/being tested is similar to an existing device
essary. With a 275°C temperature limit and
[he minimum delta between the stress ambients is

on
ient of
these
problems fa
spacing is 18Y,
the test ti
Operatin ry close to spontaneous failure involves considerable risk. Accordingly, for
this seri ambient temperatures were reduced by 20°C, and were chosen as 200°C,(215°C,

and 230°Q. Since the lfowest temperature used is not greater than 200°C, a fourth temperature (4.3) is not
needed.

Sample siFl (4.5): For this example a total of 70 devices (plus standards) is available,

Data taking (4.7): Timing for measurements is calculated from the procedure in 4.7, using the information
from the problem statement and the similar device. First, we estimate t50 at each test condition using the
estimates of Ea and 150 at the temperature of interest, and the Arrhenius relation

L2 = L1 » exp[Ea/k » (1/T2 - 1/T1)]. 1)
where: Ti = channel temperature in K

Li (i = 1 or 2) is 150 for temperature Ti
k = Boltzmann’s constant (8.62E-5 eV/deg).
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Substituting these estimates, the predicted t50 at 200°C ambient is
L200 = 1E7 = exp[1.7/8.62E-5 « (1/(273+200+25) - (1/(273+115+25))] = 2886 hours
Similarly, the predicted 150 at 215°C ambient is 907 hours and at 230°C is 304 hours.

Second, we calculate the test intervals in terms of tS0 calculated above. Since we h an estimate of
sigma of 0.7, we adjust each interval in 4.7 by raising it to the 0.7 power. For exafuple, the first interval is

t50 = 0.25°0.7 = t50 » 0.379.

So our intefvals are 0.41, 0.55, 0.69, 0.84, 1, 1.19, 1.44, 1.81 and 2.45, e
intervals as|shown in Table 1 are these values adjusted slightly for conve

sheet.
Table 1
Data Shee (7

T | woc ~ w@y/_ Do arc

Ti #fai

1521 160

12 % 205
RN 246

4090 365

1948

2338 /\

f
7L>
i

4
C/

1315 41
1624 544
2136 716

Third, we decide how-many devices to use at each temperature. It is hoped that enough test interva
having additional failures occur on the lowest temperature test to allow the test to be discontinued hefore
90% failure] With this in mind, 30 devices were run at 200°C, 20 at 215°C and 20 at 230°C. An
alternative would be to use the technique described in 4.5.

LIFETIME PREDICTION

Data Analysis (4.9): The life tests are run providing the data shown in Table 2. The transformed values
In(time) and the inverse normal (z) of the cumulative failure fraction (F) are also shown,
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TABLE 2
Life Test Data and Lognormal Transformation
P —— .. .. "
200°C sample size: 30 "

In(time} #of | cumulative
failures failures

3 .
1521 7327 2 5 RN - 0.967
1948 7.575 4 o R \3g @ - 0.5p5
238 7757 2 1y %7 - 0480
2886 7.968 s\ )\ DO s3a 0.168
349 8.152 NI i 0.253

sample size: 20

cumulative cumulative 4
" _ filures %ai]ur&s |
.84 2
418 & 6\\70\) 1 3 15.0 - 1.037
él2. N\ \\6413 3 4 300 - 0.525
735 N \/6600 2 8 40.0 -0.253
97 6.810 3 11 55.0 0.127
1090 6.994 1 12 60.0 0.253
1315 7182 1 13 550 0.385
1624 7.393 3 16 80.0 0.842
2136 1.667 1 17 L 1.037
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