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. . —_ li 31 December 1996 fii REPRINTED WITHOUT CHANGE
—_— v 41 December 1997 iv 31 December 1996
—_ v 31 December 1996 v REPRINTED WITHOUT CHANGE
- vi 31 December 1996 vi REPRINTED WITHOUT CHANGE
2032.1 5 1 June 1983 5 REPRINTED WITHOUT CHANGE
6 1 December 1997 6 1 June 1983
7 1 June 1993 7 1 June 1993
8 1 December 1897 8 1 June 1893
13 1 June 1933 13 REPRINTED WITHOUT CHANGE
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3. RETAIN THIS NOTICE AND INSERT BEFORE TABLE OF CONTENTS.

4. Holders of MIL-STD-883E will verify that page changes, additions, and corrections indicated above have been
entered. This notice page will be retained as a check sheet. This issuance, together with appended pages, is a
separate publication. Each netice is to be retained by stocking points until the military standard is completely

b

fevised or canceled.

NOTE: The margins of this notice are marked with astetisks to indicate where changes (additions, modifications,
corrections, deletions) from the previous notice were made. This was done as a convenience only and the
Govermnment assumes no Eability whatsoever for any inaccuracies in these notations. Bidders and contractors are
cautioned to evaluate the requirements of this documerit based on the entire content imespective of the marginal
notations and relationship to the last previcus notice.
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TEST METHQDS

ENVIRONMENTAL TESTS

*  Barometric pressure, reduced (aftitude operation)

Irmmareian
sLuneiaen

tnsulation resistance

Moisture resistance

Steady state life

Intermittent ife

Agree life

Stabilization bake

Salt atmosphere {comosion)

Temperature cycling

Thermal shock

Thermal characteristics

Dew point

Seal

Bum-in test

Life/reliabifity characterization tests

Neutron iadiation

Internal water-vapor content

lonizing radiation (total dose) test procedure
Dose rate induced latchtp test procedure
Dose rate upset testing of digital microcircuits
Mosfet threshold voltage

Dose rate response of linear microcircuits
Preseal bum-in

Thin fiim comrosion test

Package induced soft error test procedure (due to alpha particles)
Endurance fife test

Die penetrant test {for plastic devices)

MECHANICAL TESTS

Constant acceleration
Mechanical shock
Solderability

Lead integrity

Vibration fatigue

Vibration noise

Vibration, vaniable frequency
Visual and mechanical
Extemnal visual

Imternal visual (monofithic)
Bond strength (destructive bond pull test)
Radiography

lombrnown el ss3ees pml Pmormametimm four PO A
RS TMH ¥kl W b jRertligfl 1 W T

Internal visual ¢hybrid)

Scanning electron microscope (SEM) inspection of metallization
Die shear strength

Particle impact noise detection test

Supersedes page iv of MIL-STD-883E
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TEST METHODS
METHOD NO. MECHANICAL TESTS
20213 Glassivation layer integrity
20222 * Wetting balance solderability
2023.5 Nondestructive bond pull
20242 Lid torque for glass-frit-sealed packages
2025.4 Adhesion of lead finish
2026 Random vibration
2027.2 Substrate attach strength
2028.4 Pin grid package destructive lead pull test
2030 Ultrasonic inspection of die attach
2031.1 Flip chip pull-off test
2032.1 Visual inspection of passive elements
2035 Uitrasenic inspection of TAB bonds
ELECTRICAL TESTS (DIGITAL)
3001.1 Drive source, dynamic
3002.1 Load conditions
3003.1 Delay measurements
3004.1 Transition time measurements
3005.1 ) Power supply current
3006.1 High level output voltage
. 3007.1 Low level output voltage
. 3008.1 Brezakdown voltage, input or output
3009.1 Input current, low level
30101 Input current, high level
3011.1 Qutput short circuit current
30121 Teminal capacitance
30131 Noise margin measurements for digital microelectronic devices
3014 Functional testing
30157 Electrostatic discharge sensitivity classification
3016 Activation time verification
3017 Microelectronics package digital signal transmission
3018 Crosstalk measurements for digital microelectronic device packages
3019.1 Ground and power supply impedance measurements for digital microelectronics device packages
3020 High impedance (cff-state) low-level output leakage current
3021 High impedance (off-state) high-level output leakage curment
3022 Input clamp voltage
3023 Static tatch-up measurements for digital CMOS microelectronic devices
3024 Simultaneous switching noise measurements for digital microelectronic devices
ELECTRICAL TESTS (LINEAR)
4001.1 Input offset voltage and cument and bias current
4002.1 Phase margin and siew rate measurements
4003.1 Common mode input voltage range
Common mode rejection ratio
Supply voltage rejection ratio
4004.1 Open loop performance
4005.1 Output performance
4006.1 Power gain and noise figure
4007 Automatic gain control range
. REPRINTED WITHOUT CHANGE
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TEST METHODS

METHOD NO. TEST PROCEDURES

5001 Parameter mean value control

5002.1 *  Parameter distribution control

5003 Failure analysis procedures for microcircuits

5004.10 Screening procedures

5005.13 Qualification and quality canformance procedures

5006 Limnit testing

5007.6 Wafer lot acceptance

5008.8 Test procedures for hybrid and multichip microcircuits

5009.1 Destructive physical analysis

5010.3 Test procedures for custom monolithic microcircuits

5011.4 Evaluation and acceptance procedures for polymetic adhesives.

5012.1 Fault coverage measurement for digital microcireuits.

5013 Wafer fabrication control and wafer acceptance procedures for processed GaAs wafers.,
REPRINTED WITHOUT CHANGE
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METHOD 1019.5
IONIZING RADIATION (TOTAL DOSE) TEST PROCEDURE

1. PURPOSE. This test procedure defines the requirements for testing packaged semiconductor integrated circuits for
ionizing radiation (total dese) effects from a cobalt-60 (®Co) gamma ray source. In addition this procedure provides an
accelerated annealing test for estimating low dose rate ionizing radiation effects on devices. This annealing test is important
for low dose-rate or certain other applications in which devices ray exhibit significant time-dependent effects. This
procedure addresses only steady state imadiations, and is not applicable to pulse type irradiations. This test may produce
severe degradation of the electrical properties of iradiated devices and thus should be considered a destructive test.

1.1 Definitions. Definitions of terms used in this procedure are given below:

a. lonizing radiation effects. The changes in the electrical parameters of a device or integrated circuit resutting from
radiation-induced charge. These are also referred to as total dose effects.

b. Influxtest Electrical measurements made on devices during imadiation exposure.

c. Notinflux test Electrical measurements made on devices at any time other than during irradiation.

a

Remote tests. Electrical measurements made on devices which are physically removed from the radiation
location.

e. Tmne dependent effects. Significant degradation in electrical parameters caused by the growth or annealing or
both_of radiation-induced trapped charge after irradiation. Similar effects also take place during iradiation.

f. Accelerated anneafing test. A procedure uﬁﬁzingelevatedtempe:amretnmlemteﬁme—deperﬁenteﬁeds.

2 ﬁFFW‘“‘TUS. The apparaius shaii consist of the radiation source, electrical test instrumentation, 25t Greult boand(s),
mblmg interconnect board or switching system, an appropriate dosimetry measurement System, and an environmental
chamber (if required for time-dependent effects measurements). Adequate precautions shall be observed to obtain an
electrical measurement system with sufficient insulation, ample shielding, satisfactory grounding, and suitable iow noise

2.1 Radiation source. The radiation source used in the tast shall be the uniform field of a “Co gamma ray source.
Uniformity of the radiation field in the volume where devices are frradiated shall be within £10 percent as measured by the
dosimetry system, unless octherwise specified. The intensity of the gamma ray field of the ®Co source shall be known with
an uncertainty of no more than 5 percent. Field uniformity and intensity can be affected by changes in the location of the
device with respect to the radiation scurce and the presence of radiation absorption and scattering materials.

22 Dosimetry system. An appropriate dogimetry system shall be provided which is capable of carrying out the
measurements called for in 3.2, The following American Society for Testing and Materials (ASTM) standards or other

appropriate standards shall be used:

ASTMEG66 - Standard Method for Calculation of Absorbed Dose from Gamma or X Radiation.

ASTMEGB8 -  Standard Practice for the Application of Thermoluminescence Dosimetry (TLD) Systemns
far Determining Abserbed Dose in Radiation-Hardness Testing of Electronic Devices.

ASTME 1249 - Minimizing Dosimetry Errors in Radiation Hardness Testing of Silican Electronic
Devices.

METHOD 10185
1 December 1997
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ASTME 1250 - Standard Method for Application of lonization Chambers to Assess the Low Energy Gamma

Component of Cobalt 60 lradiators Used in Radiation Hardness Testing of Silicon Electronic
Devices.

ASTME 127§ - Standard Practice for Use of a Radiochromic Fitm Dosimetry Systemn.

These industry standards address the conversion of absorbed dose from one material to angther, andtheproperuseof
various dosimetry systems, 1/

2.3 Electrical test mstruments. All instrumentation used for.electrical measurements shall have the stability, accuracy,
and resolution required for accurate measurement of the electrical parameters. Any instrumentation required to operate in a
radiation environment shall be appropriatety shielded.

24 Test circuit board(s). Devices to be irradiated shall either be mounted on or connected to circuit boards together with
any associated circuitry necessary for device biasing during imadiation or for in-situ measurements. Unless otherwise
spedﬁed.aﬂmmmmmemu\maﬁedﬂemdMonmshaumaewiwﬂymmm
during iradiation, i.e., not left floating. The geometry and materials of the completed board shall aflow uniform imradiation of
the devices under test. Good design and consiruction practices shall be used to prevent osciilations, minimize ieakage
currents, prevent electrical damage, and obtain accurate measurements. Only sockets which are radiation resistant and do
not exhibit significant leakages (relative to the devices under test) shall be used to mount devices and associated circuitry to
the test board(s). Al apparatus used repeatedly in radiation fields shall be checked periodically for physical or electrical
degradation. Components which are placed on the test circuit board, other than devices under test, shall be insensitive to
the accumulated radiation or they shall be shielded from the radiation. Test fixtures shall be made such that materials will
not perturb the imiformity of the radiation field intensity at the devices under test. Leakage cumrent shall be measured out of
the radiation field. With no devices installed in the sockets, the test circuit board shall be connected to the test system such
that all expected sources of noise and interference are operative. With the maximum specified bias for the test device
applied, the teakage current between any two terminals shall not exceed ten percent of the lowest cument limit value in the
pre-iradiation device specification. Test cireuit boards used to bias devices during accelerated anneafing must be capable
of withstanding the temperature requirernents of the accelerated annealing test and shafl be checked before and after testing
for physical and electrical degradation.

2.5 Cabling.. Cables connecting the test circuit boards in the radiation field to the test instrumentation shall be as short as
possible. H long cables ame necessary, fine drivers may be required. The cables shall have low capacitance and low
leakagetogrom_\d, and low leakage between wires.

26 Interconnect of switching system.  This system shall be located external to the radiation environment location, and

provides the interface between the test instrumentation and the devices under test. It is part of the entire test system and
subject to the limitation specified in 2.4 for leakage between terminals.

2.7 The environmenta! chamber. The environmental chamber for time-dependent effects testing, if required, shall be
capable of maintaining the selected accelerated annealing temperaturs within £5°C.

1/ Copies may be obtained from the American Society for Testing and Materiats, 1916 Race Street, Philadetphia, PA 18103,

METHOD 1019.5
] 1 December 1997
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3. PROCEDURE. The test devices shall be imadiated and subjected to accelerated annealing (if required for ime-

denandent effects tectina) ac cnecified by a toct plan This nlan chall specify the dovics descrinfien irradiation conditions

i e e R e e P e e R Pt SN GV M M ¥ M o [k by B AL B AT TR B,

device bias conditions, dosimetry system, opetaurug condmons measurement parameters and conditions, and accelerated
annealing test conditions (if required).

3.1 Sample selection and handling. Only devices which have passed the electrical specifications as defined in the test
pian shall be submitted to radiation testing. Unless otherwise specified, the test samples shail be randomtly selected from
the parent poputation and identically packaged. Each part shall be individually identifiable to enable pre- and post-imadiation
comparison, For device types which are ESD-sensitive, proper handling techniques shall be used to prevent damage to the
devices.

3.2 Bumiin. For some devices, there are differences in the total dese radiation response before and after bum-in.
Unlesrthasbeenshownbypnordxaractenzzbon or by design that bum-in has negligible effect (parameters remain within
postirradiation specified electrical imits) on the total dose radiation response, then one of the following must be done:

3.2.1 The manufacturer shall subject the radiation samples to the specified bum-in conditions prior to conducting total
dose radiation testing or

3.22 The manufacturer shall develop a comection factor (which is acceptable to the parties to the test), taking into
account the changes in total dose response resutting from subjecting product to bum-in. The comection factor shall then be
used to accept product for total dose response without subjecting the test samples to bum-in.

3.3 Dosimetry measurements. The radiation field intensity at the location of the device under test shall be determined

prior to testing by desimetry or by source decay comection calculations, as appropriate, to assure conformance to test level
&nd:_m:fnm:tv requirements.  The dose to the device under t2st shall be defermined one of two wavs: (1) by measurement

== geloinned meye.

dmngﬂemd:ahanmﬂranappmpmtedosmter or(2)byoonedmgaprewousdosmutryvalueforﬂ\edewyofmeﬁco
source intensity in the intervening time. Appropriate correction shall be made to convert from the measured or calculated
dese in the dosimeter material to the dose in the device under test.

3.4 Lead/Aluminum (Pb/Al) container. Test specimens shall be enclosed in a Pt/Al container to minimize dose
enhancement effects caused by low-energy, scattered radiation. A minimum of 1.5 mn Pb, surrounding an inner shield of at
least 0.7 mm Al, is required. This Pb/A! container produces an approximate charged particle equilibrium for Si and for TLDs
such as CaF,. The radiation field intensity shall be measured inside the P/AI container (1) initially, (2) when the source Is
changed, or (3) when the orientation or configuration of the source, container, or test-fiture is changed. This measurement
shallbeperfonnedbyplacingadosimeter(e.g,.aTLD)inthedevine-h'adiaﬁon container at the approximate test-device
position. ifit can be demonsirated that iow energy scattered radiation is small enough that it will not cause dosimetry emors

A M m ___.___a oy Y R i

uuemuuseennmmnem.memmmmrnﬁynem

3.5 Radiation level(s). The test devices shall be iradiated to the dose level(s) specified in the test ptan within £10
percent If muttiple imadiations are required for a set of test devices, then the post-imadiation electrical parameter
measurements shall be performed after each irradiation.

3.6 Radiation dose rate.

CAUTION: For the application of some bipolar and hiCMOS devices to space-level dase rates, testing at condition A
dose rates may not provide worst case results. These are devices that fail due to reduced transistor gain.

NOTE: For those bipotar and biCMOS devices where the application involves space level dose rates and the excess base
current has been observed 1y increase at decreasing dose rates, testing may be accomplished at the lowest dose rate of
interest in accordance with condition C in order to abtain a conservative estimate of devioe performance.

3.6.1 Condition A. For condition A (standard condition) the dose rate shall be between 50 and 300 rad(Siys [0.5 and 3
Gy(Si]ISIE_C_ogI The dose rates may be different for each radiation dose level in a series; however, the dose rate shall not
vary by more than 210 percent during each irradiation.

2/ The S1unit for the quantity absorbed dose is the gray, symbot Gy, 100 rad =1 Gy.

METHOD 1018.5
1 December 1897
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3.6.2 Condition B. For condition B, forMOSdevncesonly ﬁmenmmumdosemte:s<50md(8‘)lsmmemtended
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application. Unless the exclusions in 3.12.1b are met, the accelerated annealing test of 3.12.2 shall be performed.

3.6.3 Condition C. For condition C, (as an altemative) the test may be performed at the dose rate of the intended
application if this is agreed to by the parties to the test.

3.7 Temperature requirements. Since radiation effects are temperature dependent, devices under test shall be iradiated
in an ambient temperature of 24°C +6°C as measured at a point in the test chamber in close praximity to the test foitire.
The electrical measurements shall be performed in an ambient temperature of 25°C £5°C. If devices are transported to and
from a remote electrical measurement site, the temperature of the test devices shail not be aliowed to increase by more than
10°C from the iradiation environment. If any other temperature range is required, it shall be specified.

3.8 Electrical performance measurements. The elecirical parameters to be measured and funciionai tests to be

shall be spedified in the test plan. As a check on the validity of the measurement system and pre- and post-
irradiation data, at least one control sampie shall be measured using the operating conditions provided in the governing
device specifications. For automatic test equipment, there is no restriction on the test sequence provided that the rise in the
device junction temperature is minimized. For manual measurements, the sequence of parameter measurements shall be
chosen to aflow the shortest possible measurement period. When a series of measurements is made, the tests shall be
amranged so that the lowest power dissipation in the device occurs in the earliest measurements and the power dissipation
increases with subsequent measurements in the sequence.,

* The pre- and post-irradiation electrical measurements shall be done on the same measurement system and the same
sequence of measurements shall be maintained for each series of electrical measuremnents of devices in & test sample.
Pulse-type measurements of electrical parameters shoutd be used as appropriate to minimize heating and subsequent

annealing effects. Devices which will be subjected to the accelerated annealing testing (see 3.12) may be given a
preumd:ahunbum-mtoe!mmatebmn—mraated{ailm

3.9 Testcnndiﬁons. The use of in-flux or not in-flux testing shall be specified in the test plan. (This may depend on the
intended application for which the data are being obtained.) The use of in-flux testing may help to avoid variations
introduced by post-irradiation time dependent effects. However, emmors may be incurred for the situation where a device is
irradiated in-flux with static bias, but where the electrical testing conditions require the use of dynamic bias for a significamt
fraction of the total irradiation period. Not-in-flux testing generally allows for more comprehensive electrical testing, but can
be misleading if significant post-iradiation ime dependent effects occur.

3.9.1 Influx testing. Each test device shall be checked for operation within specifications prior to being irradiated. After
the entire system is in place for the in-flux radiation test, it shall be checked for proper interconnections, ieakage (see 2.4),
and noise level. To assure the proper operation and stability of the test setup, a control device with known parameter values
shall be measured at ail operational conditions called for in the test plan. This measurement shall be done either before the
insertion of test devices or upon completion of the irradiation after removal of the test devices or both.

3.9.2 Remote testing. Unless otherwise specified, the bizs shall be removed and the device leads ptaced in conductive
foam (or similarly shorted) during transfer from the imadiation source to a remote tester and back again for further iradiation.

*  3.9.3 Bias and loading conditions. Bias conditions for test devices during imadiation or accelerated annealing shall be

| " within £10 percent of those specified by the test plan. The bias applied to the test devices shall be seiected to produce: the
greatest radiation induced damage or the worst-case damage for the intended application, if known. The specified bias shall

‘I be maintained on each device in accordance with the test plan. Bias shall be checked immediately before and after

iradiation. Care shall be taken in selecting the loading such that the rise in the junction temperature is minimized.

METHOD 1018.5
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3.10 Postimadiation procedure. Unless otherwise specified, the following time intervals shali be observed:

a. The time from the end of an imadiation to the start of electrical measurements shall be a maximum of 1 hour.

b. Thetunetoperfonnmeelectnmlmeasurementsandtnremmthedewoeforasubsequemmdxabon if any, shall
be within two hours of the end of the prior imadiation.

To minimize time dependent effects, these intervals shall be as short as pessible. The sequence of parameter
measurements shall be maintained constant throughout the tests series.

3.11 Extended room temperature anneal test The tests of 3.1 through 3.10 are known to be overty conservative for
some devices in a very low dose rate environment (e.g. dose rates characteristic of space missions). The extended room
temperature anneal test provides an estimate of the performance of a device in a very low doge rate environment even

et PTOVILES a0 S8 O O e il o 3 BeY wHOIRNET even

though the testing is performed at a relatively high dose rate (e.g. $0-300 rad(Sil/s). ﬂ\epmdmemvuivesumd‘lahngme
device per steps 3.1 through 3.10 and post-irradiation subjecting the device under test to a room temperature anneal for an
appropriate period of time (see 3.11.2c) to allow leakage-related parameters that may have exceeded their pre-iradiation
specification to return to within specification. The procedure is known to lead to a higher rate of device acceptance in cases:

a. where device failure when subjected to the tests in 3.1 through 3.10 has been caused by the buildup of trapped
pesitive charge in relatively soft axides, and

b. where this trapped positive charge anneals at a relatively high rate.

QA4 4 Mamd ton marfaren an wdnmdoad raamm tammaareh e anmonl toet Tho fnllassne acdara
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whether an extended room temperature anneal test is appropriate:

a. The procedure is appropriate for either MOS or bipolar technology devices.

b. The brocédure is appropriate where only parametric faitures (as opposed to functional faflure) ocsurs, The parties
to the test shall take appropriate steps to determine that the device under test is subject to only parametric failure
over the total ionizing dose testing range.

¢. The procedure is appropriate where the natural annealing response of the device under test will serve to comect the
om-of-speciﬁcanonafanypammeh'icrespmse Further, ﬂ'epmoedureisknmtoleadmahighermteofdevbe

fp v SR m e ek AL n b e [ e v aliedi ey Aeaes meaden e o rB 2 Tomsos bl rh o sunbnd s ovd
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temperature annealing of the radiation induced trapped positive charge can lead to a significant improvement of
device behavior. Cases where the expectad application dese rate is lower than the test dese rate and lower than
0.1 rad(Si)'s should be considered candidates for the: application of this procedure. The parties to the test shall
take appropriate steps to determine that the technology under test can provide the required annealing response
over the total ionizing dose testing range.

3.11.2 Extended room temperature anneal test procedure. If the device fails the iradiation and testing specified in 3.1

through 3.10, an additional room temperature anneating test may be performed as follows:

a. Foﬂowmgﬂ'nemadiahonandmﬁngofhthmughaw subject the device under test to a room temperature anneal

R g, PR

under worst-case stafic bigs conditions, For information on worst case bias see 3.5.3.

b. The test will be carried out in such a fashion that the case of the device under test will have a temperature within
the range 24°C + 6°C.

METHOD 1018.5
1 December 1897
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c. Where possible, the room temperature anneal shoutd continue for a length of time great enough to aliow device
parameters that have exceeded their pre-iradiation specification to retum to within specification or post-iradiation-
parametric limit (PIPL) as established by the manufacturer. However, the time of the room temperature anneal
shall not exceed t,, where

D Is the total ionizing dose specification for the part and R, is the madmum dose rate for the intended use.

d. Test the device under test for electrical performance as specified in 3.7 and 3.8. If the device under test passes
MMM&EMMMMQMMmmM.mMMWaW
performance: for a very low dose rate environment in spite of having previously failed the post-imadiation and
electrical tests of 3.1 through 3.10,

3.12 MOS accelerated annealing test. The accelerated annealing test provides an estimate of worst-case degradation of
MOS microcircuits in low dose rate environments. The procedure involves heating the device following iradiation at
specified temperature, ime and bias conditions. An accelerated annealing test (see 3.12.2) shall be performed for cases
where time dependent effects (TDE) can cause a device to degrade significantly or fail. Only standard testing shall be
performed as spedified in 3.1 through 3.10 for cases where TDE are known not to cause significant device degradation or
failure (see 3.12.1) or where they do not need to be considered, as specified in 3.12.1.

3.121 Need to perform accelerated annealing test  The parties to the test shall take appropriate steps to determine
whether accelerated annealing testing is required. The following criteria shall be used:

a. The tests called cut in 3,122 shall be performed for any device or circuit type that contains MOS circuit elements
{(Le., transistors or capacitors).

b. TDE tests may be omitted if;
1. circuits are known not to contain MOS elements by design, or
2 the ionizing dose in the application, if known, is below 5 krad(Si), or

the Efetime of the device from the onset of the irradiation in the intended application, if known, is short
compared with TDE times, or

4. thetestis carried out at the dose rate of the intended application, or

5. the device type or IC technology has been demonstrated via characterization testing not to exhibit TOE
changes in device parameters greater than experimental eror (or greater than an otherwise specified upper
limit) and the variabies that affect TDE response are demonstrated to be under control for the specific vendor
processes,

At a minirmum, the characterization testing in (5) shall include an assessmen of TDE on propagation detay,
output drive, and minimum operating voltage parameters. Continuing process control of variables affecting
TDE may be demonstrated through lot sample tests of the radiztion hardness of MOS test structures.

¢. This docurnent provides no guidanse on the need to perfoerm accelerated annealing tests on technologies that do
not include MOS circuit elements,

3.12.2 Accelerated annealing test procedure. If the device passes the tests in 3.1 through 3.10 or if it passes 3.11 (if that

procedure is used) to the total ionizing dose leve! specified in the test plan or device specification or drawing and the
exclusions of 3.12.1 do not apply, the accelerated annealing tast shall be conducted as follows:

METHOD 1019.5
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a. Overtest

1. Imadiate each test device to an additional 0.5-times the specified dose using the standard test conditions (3.1
through 3.10). Nate that no electrical testing is required at this time.

2. The additional Q.5-times imadiation in 3.12.2 a.1 may be omitited if it has been demonstrated via
characterization testing that

a. none of the circuit propagation delay, output drive, and minimum operating voltage parameters recover
toward their pre<rradiation value greater than experimental accelerated annealing test of 3.12.2.b, and

b. the iradiation biases chosen for imadiation and accelerated annealing tests are worst-case for the
response of these parameters during accelerated annealing,

The characterization testing to establish worst-case irradiation and annealing biases shall be performed at the
specified level. The testing shall at a minimum include separate exposures under static and dynamic
irradiation bias, each followed by worst-case static bias during accelerated annealing acconding to 3.12.2.b.

b. Accelerated annealing. Heat each device under worst-case static bias conditions in an environmental chamber
according to one of the following canditions:

1. At 100°C 45°C for 168 212 hours, or

2. At an altemnate temperature and time that has been demonstrated via characterization testing to cause equal
_or greater change in the parameter(s} of interest, e.g., propagation detay, oufput drive, and minimum operating
voltage, in each test device as that caused by 3.12.2.b.1, or

3.. Atan altemate temperature and time which will cause trapped hole annealmg of >60% and interface state
annealing of <10% as determined via characierization testing of NMOS test ransistors from the same

process. |t shall be demanstrated that the radiation response of test transistors represent that of the device
under test.

c. Electrical testing. Following the accelerated annealing the electrical test measurements shall be performed as
_ specifiedin 3.8 and 3.9.

3.13 Testreport As a minimumn, the report shall include the device type number, serial number, the manufacturer,
packzge type, controlling specification, date code, and any other identifying numbers given by the manufacturer. The bias
circuit, parameter measurement circuits, the layout of the test apparatus with details of distances and materials used, and
electrical noise and current leakage of the electrical measurement system for in-flux testing shall be reparted using drawings
or diagrams as appropriate. Each data sheet shall inciude the test date, the radiation source used, the bias conditions
during irradiation, the ambient temperature around the devices during irradiation and electrical testing, the duration of each
irradiation, the time between iradiation and the stant of the electrical measurements, the duration of the electrical
measurements and the time to the next irradiation when step irradiations are used, the irradiation dose rate, electrical test

- conditions, dosimetry system and procedures and the radiation test levels. The pre- and pest-imadiation data shall be

recorded for each part and retained with the parent poputation data in accordance with the requirements of MIL-PRF-38535
or MIL-PRF-38534. Any anomalous incidents during the test shall be fully documented and reported. The accelerated
anneaiing procedure, if used, shall be described. Any other radiation test procedures or test data required for the delivery
shall be specified in the device spetification, drawing or purchase order.

4. SUMMARY, The following details shall be specified in the applicable acquisition documert as required:
a  Device-type number(s), quantily, and goveming specifications (see 3.1).
b. Radiation dosimetry requirements (see 3.3).

METHOD 1018.5
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¢. Radiation test levels induding dose and dose rate (see 3.5 and 3.6).

d. lmradiation, electrical test and transport temperatures if other than as specified in 3.7.

e. Eiedﬁm! parameters o be measured and device operating conditions during measurement (see 3.8).
f.  Test conditions, i.e., in-flux or not-in-fiux type tests (see 3.9).

9. Bias conditions for devices during irradiation {see 3.9.3).

h. Tome intervals of the post-iradiation measurements {see 3.10). )

i. Requirement for extended room temperature anneal test, if required (see 3.11).
j- Requirement for accelerated annealing test, if required (see 3.12).

k. Documentation required to be delivered with devices (see 3.13). .

METHOD 1019.5
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SELECT DQSE RATE
SEE PARA. 3.8

!

IRRADIATE TO SPECIFIED DOSE
SEE PARA. 3.9

PERFORM SPECIFIED ELECTRICAL TESTS
SEE PARA. 3.8

PASS § FAIL

DETERMINE IF EXTENDED

R00OM TEMPERATURE

ANNEAL TEST IS REQUIRED
SEE IPARA. 3.11.1

PERFORM SPECIFIED
ELECTRICAL TESTS
SEE PARA. 3.8

1= FAIL

i eass

DETERMINE IF ACCELERATED

ANNEALINDL TES1 1D KEUULIREL
SEE PARA. 3.12.1

{ YES

DETERMINE IF 0.5X OVERTEST
IS REQUIRED
SEE PARA. 3.12.2.2.2

NO YES

IRRACQIATE AN ADDITIONAL
0.5X SPECIFIED DOSE
SEE PARA. 3.12.2.a

PERFORM ONE OF THREE ACCELERATED
ANNEALING PROCEDURES

SEE PARA. 3.12.2.b

1

PASS -=—j

PERFORM SPECIFIED ELELTRICAL TESTS
SEE PARA. 3.8

FIGURE 1019-1. Flow diagram for ionizing radiation test procedurs,
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Resistor ladder rung is that portion of a resistor ladder structure intended to be laser timmed to resutt in an
incremental change in resistance.

Resistor loop i5 a resistor structure resembling a loop in appearance that can be timmed. A coarse loop
structure is one in which timming resufts in a large resistance change {one that can cause an out-of-
tolerance condition to occur). A fine foop structure is one in which timming resutts in a small resistance
change (one that cannot cause an out-of-tolerance condition to occar).

Resistor material, self passivating is one on which a conformal insulating laver can be thermally grown (such
as tantalum nitride on which tantalum pentoxide is grown).

Scorching is discoloration of laser trimmed thin film resistor material without alteration of its physical form.

Scratch, metallization is any tearing defect, including probe marks, in the surface of the metallization. A mar
on the metallization surface is not considered to be a scratch.

Scratch, resistor is any tearing defect in the resistor film. A mar on the resistor surface is not considered to
be a seratch,

Sidebar is that portion of a resistor ladder structure to which rungs are attached. Sidebars are not intended
to be laser trimmed.

Substrate is the supporting structural material into or upon which, or both, functiona! circuits are formed.

. Surface Acpustic Wave (SAW) element is a planar element fabricated typically using thin film manufacturing

tedm:ques on various substraie materials. Size varies as a function of frequency and d&s:gn features
include interdigitated fingers.

'r.\ —n l
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(44) Thick film is conductive, resistive or dielectric material screen printed onto a substrate and fired at
. temperature to fuse into its final form.
(45)  Thin film is conductive, resistive or dielectric material, usually less than 50,0004 in thickness, that is
- " deposited onto a substrate by vacuum evaporation, sputtering, or other means.
(46)  Underlying material is any layer of material below the top-layer metallization. This includes metallization,
resistor, passivation or insulating layers, or the substrate itseif.
{47) Viais an opening in the ingulating materiai in which a vertical conductive electrical connection from one
metallization layer to another in a multilayer substrate is made.
(48) Vitrfication is conversion into giass or a glassy substance by heat and fusion.
(49) Void,_metallization is any missing metallization where the underlying materiat is visible (expased). Voids
typically are caused by photolithographic, screen, or mask related defects, not by scratches.
{50} Void, resistor is any missing resistor material where the undertying materia! is visible (exposed). Voids
typically are caused by photolithographic, screen, or mask related defects, not by scratches.
REPRINTED WITHOUT CHANGE
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NOTICE 1 .

{51) Wraparound conductor is one which extends around the edge of the substrate by design.

(52) Coupling (air) bridge is a raised layer of metallization used for intercannection that is isclated from the
surface of the element by an air gap or other insulating material,

(53) Pitis a depression produced in 8 substrate surface typically by nonuniform deposition of metallization or by
noruniform processing such as excessively powered laser trim pulses.

(54) Substrate hard is the inorganic, rigid material into or upon which or both, functional circuits are formed.
Typical materials are alumina and silicon.

(55) Biigter, metallization is a hollow bump that can be flattened.
(56) Nodule metailization is a sofid bump that cannot be fiattened.

(S7) Substrate via is an opening in the substrate material in which a vertical conductive electrical connection from
one metalization layer to ansther is made.

3.1 Thin fim element inspection. Inspection for visua) defects described in this section shall be conducted on each planar
thin film passive element. The “high magnification” inspection shall be within the range of 100X to 200X for both class H and
class K MWmagniﬁaﬁun'inspedbnshaﬂ be within the range of 30X to 60X for both ctass H and class K When
inspection is performed prior to mounting, then efements utifizing ceramic or glass type substrates, without backside
metallization, shall be inspected using backlighting for conditions of hairdine voiding or bridging. Pattemed subsirates that
have geometries of 2.0 mils or greater shall be inspected at 10X to 60X magnification.

Class H Cass K

maganification®. No element shall be acceptahble

that exhibits:

NOTE: The metallization defect criteria contained

in this section apply to operating metallization ‘
only. '

3.1.11 Metalization scratches.

3.1.1 Operating metallization defects *high .

a, A scratch or probe mark in the metallization, a. Same as Class H.
exciuding bonding pads, that both exposes
underdying material anywhere along its length and
leaves less than 50 percent of the original
rnetaliization width undisturbed (see 2032-1h).
NCTE: These criteria do not apply to
capacitors (see 3.1.1.1e).
NOTE: Undertying material does not have to be
exposed along the full iength of the scratch.

Supersedes page 6 of MIL-STD-BB3E
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EXPOSED
UNDERLTING
BATERLAL

REJECY~
x € /2

FIGURE 2032-1h. Class H metallization scratch criteria.

Class H Class K
3.1.1.1  b.  Scratch in the bonding pad area 3.1.1.1 b, Lessthan 75 percent (see
that both exposes underlying material and figure 2032-2k).

reduces the metallization path width,
where it enters the bonding pad, and leaves

less than 50 percent of its original
metallization width. Y two or mome

metallization paths enter a bonding pad,
each shall be considered separately

(see figure 2032-2h).
” ACCEPT- L ACCEPT-
7/ /2 y > ds2 / y > 3s4d
- 4 P d r ¥ E 22 2 2 2 3 d
0 AL A 00 ALy A
- REJECT~- REJECT-
| x < d/2 x < 3/4d
EXPOSED EXPOSED
UNDERLYING UNDERLYING
MATERIAL MATERIAL
L
U'-'1
FIGURE-2032-2h. Class H metailzation width FIGURE 2032-2k. Class K metallization width
reduction at bonding pad reduction at bonding pad
criteria. criteria.
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Class H Class

3.1.1.1 c. Scratch that completely crosses 3111 ¢ Sameasclass H.
metallization and damages the
metallization on either side.

d. Scratches or probe marks in the d. Same as class H.
bonding pad area that expese
undertying material over greater
than 25 percent of the original
unglassivated metallization area.

€. For capacitors only, a scratch in the e. Same as dass H.
metallization, other than in the bonding
pad area, that exposes the dielectric
material.
3.1.1.2 Metallization voids.

a. Void(s) in the metalization, excluding a. Sameas Class H
bonding pads, that leaves Jess than
50 percent of the original metallization
width undisturbed (see figure 2032-3h).

ACCEPT~
x > d/e
_ d >vcms

/ REJECT-

x < dse
X
FIGURE 2032-3h. Class H metalfization void criteria.
b. Void(s) in the bonding pad area that reduces b. Lessthan 75 percent

the metallization path width, where it
enters the bonding pad, to less than 50
percent of its original metallization width.
i two or more metallization paths enter a
bonding pad, each shall be considered

NOTE: Figures 2032-2h and 2032-2k
ilustrate metallization width reduction
at bonding pad criteria for scratches.
Void criteria are similar.

Supersedes page § of MIL-STD-883E
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Class H Class K

3.1.1.8 Metallized through-hole defects.
“high magnification®. No element shall be

acceptable that exhibits:

a. Through-hole metallization that is not a. Same as dass H.
vertically continuous or that does not
cover at least a continuous 50 percent
of the inside, cicumferential surface
area unless by design.

3.1.1.9 Wrap-around connection defects,
“high magnification”. No element shall be
acceptable that exhibits:

a. Unmetallized area in the edges of 8. Same as dass H.
wrap-around connections greater than 50
percent of the largest dimension of the edge
metailization (see figure 2032-8h).

WRAP-AROUND
CONNECTION

Sebl
REJECT- d f=-

x > d/e

FIGURE 2032-8h. Class H wrap-around connection unmetallized area criterion.

REPRINTED WITHOUT CHANGE
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3.1.1.10 Substrate via defects “low magnification”. When inspected from each side of the substrate, no element shall be
acceptable that exhibits:

a. A camplete void through the via.
b. Any fifting, peeling, or blistering of the via metallization.
c. Via fill iess than 75% of the total surface area of the via plug and less than 75% of the substrate thickness.-

NOTE: These are minimum requirernents. Via flatness and ather requiremernts shall be in accordance with the

applicable detail drawings.
: /
b % b 8
VIA FILL < 752 . YIA FILL < 75%
REJECT REJELT

FIGURE 2032-88h. Classes H and K via fill criteria.

NEW PAGE
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ClassH Class K

3.1.2 Passivation defects "high magnification”.
No element shall be acceptable that
exhibits; -

Either multiple lines {color fringing) or a a. SameasciassH,
complete absence of passivation visible at

the edge and continuing under the

metallization (see figure 2032-8Ah).

A passivation defect that exhibits z line

of separation from the metallization is

acceptable.

NOTE: These criteria apply to conductive
substrate elements only.

NOTE: Double or triple lines at the edge
of the passivation defect indicate it can
have sufficient depth to penetrate down to
the bare substrate.

ACCEPT

REJECT
FIGURE 2032-8Ah. Class H passivation defect criteria.

REPRINTED WiTHOUT CHANGE
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*  3.2.1.9 Substrate via defects, “iow magnification”. When inspected from each side of the substrate, no element shall be
acceptable that exhibits:
. a. A complete void through the via.
* b. Any lifting, peeling, or blistering of the via metallization.

c. Viafill less than 75% of the total surface area of the via plug and less than 75% of the substrate thickness:”

NOTE: These are minimum requirements. Via fiatness and other requirements shall be in accordance with the
applicable detail drawings.

- 4

s
]

VIA FILL < 75x VIA FILL < 752
) " REJECT REJECT
. FIGURE 2032-43Bh. Classes H and K via fill eriteria.
NEW PAGE
METHOD 2032.1
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TABLE {. Group A electrical tests for classes level S and level B devices - Continued. 1/

The specific parameters to be included for tests in each subgroup shall be as specified in the applicable acquisition
document. Where no parameters have been identified in a particular subgroup or test within a subgroup, no group
A testing is required for that subgroup or test to satisfy group A requirements.

At the manufacturer’s option, the applicable tests required for group A testing {see 1/) may be conducted individually
or combined into sets of tests, subgroups (as defined in table 1), or sets of subgroups. However, the manufacturer
shall predesignate these groupings prior to group A testing. Unless otherwise specified, the individual tests,
subgroups, or sets of tests/subgroups may be performed in any sequence,

The sample plan (quantity and accept number) for each test, subgroup, or set of tests/subgroups as predesignated

in Z/, shall be 118/,
A greater sample size may be used at the manufacturer's option; however, the accept number shall remain at zero.
when the (sub)lot size is less than the required sample size, each and every device in the (sub)lct shall be
inspected and alt falled devices removed from the (sub)lot for final acceptance of that test, subgroup, or set of
tests/subgroups, as applicable.

If any device in the sampie fails any parameter in the test, subgroup, or set of tests/subgroups being sampled, each
and every additiona) device in the (sub)iot represented by the sample shall be tested on the same test set-up for all
parameters in that test, subgroup, or set of teste/subgroups for which the sample was selected, and all failed

devices shall be removed from the (sub)lot for final acceptance of that test, subgroup, or set of tests/subgroups, as

applicable. For class level S only, if this testing results in a percent defective greater than 5 percent, the (subjict
shali be rejected, except that for {subjiots previously unscreened to the tests that caused failure of this percent
defective, the (sub)lot may be accepted by resubmission and passing the failed individual tests, subgroups, or set of
tests/subgroups, as applicable, using a 116/0 sample.

METHOD 5005.13
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TABLE Hla. Group B tests for class level S devices. 1/

Test MIL-STD-883 Quantity {(accept no.)
Sample size no.
accept no,
Method Condition
Subgroup 1
a. Physical dimensions 2/ | ag4g 5.000 maximum water 2
= X 0
b. tntemal water-vapor 1018 | cortem ot 100°C 3{0) (cr) XU &
content 2/ ¥ V) Of R .
Subgroup2 &
a.Resistance to solvents | op45 3(0)
b. Intemal visyal and 2013, 2(0)
mechanical 2014 Failure criteria from design and
construction requirements of
applicable acquisition document
¢. Bond strength . 2011 Sample size 124
(1)111ennogompmmn 1. Test eandition C or D number =22, c=0
{2) gll}:asqnnc 2. Test condition C or D
(3) Flip-chip 3. Test candition F
(4) Beam lead 4. Test condition H
d. Die shear or substrate In accordance with method 3(0)
attach strength test 2019 or 2027 for the applicable
die size
Subgroup 3
Solderability 7/ 2003 Soldering temperature Sample
of245°C 15°C number =22,¢=0
Subgroup 4 2/
. ] Sample sze
a. Lead integrity &/ 2004 Test condition B2, lead fatigue number=45,c=0
b. Seal 1014 | As applicable
(a) Fine
(b) Gross
c Lid torque  §/ 024 As applicable
Subgqroup 5§ 1
) ) Sample size
a. End-point electrical As specified in the applicable number = 45, ¢ =0
parameters 11/ device specification
b. Steady_state life 1005 Test condition C, D, or E
c. End-point electrical As specified in the applicable
parameter 1Y/ device specification
See footnotes at end of table.
Supersedes page 6 of MIL-STD-883E
METHOD 5005.13
19 August 1894
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TABLE lla. Group B tests for ciass level S devices - Continued. 1/

Test MIL-STD-883 Quantity (accept no.)
Sample size no.
Accept number *
Method Condition
Subgroup & Sample size
Number = 15,¢=0
a. End-point electrical As specified in the
paramators applizabls dovice
spedcification
b. Temperature cyding 1010 Condition C, 100 cycles
minimum
c. Constant acceleration 2001 Test condition E: Y,
orientation ¢nly
d. Seal 1014 As specified in the
{a) Fine applicable device
(b} Gress specification
e. End-point electrical
parameters
Subgroup 7 12/
. 1/ Electrical reject devices from that same inspection lot may be used for all subgroups when end-point measurements
are not required provided that the rejects are processed identically to the inspection lot through pre bum-in electrical

and provided the rejects are exposed to the full temperature/ time exposure of bum-in.

I

Not required for qualification or quality conformance inspections where group D inspection is being perfurmed on
samples from the same inspection lot

I

This test is required only if i is a glass-frit-sealed package. Unless handling precautions for berylia packages are
available and folilowed method 1018, procedure 3 shall be used. See &/ of table IV.

£

Test three devices; if one fails, test two additional devices with no failures, At the manufacturers option, if the initial
test sample (i.e., 3 or 5 devices) fails, a second complete sample may be tested at an altemate taboratory that has
been granted current suitability status by the qualifying activity. If this sample passes, the lot shall be accepted
provided the devices and data from both submissions is submitted to the qualifying activity along with five additional
devices from the same lot.

i@

Resistance to solvents testing required only on devices using inks or paints as a marking medium.

12

Unless otherwise specified, the sample size number for conditions C and D is the number of bond pulls selected from
a minimum number of four devices, and for condition F or H is the number of dice (not bonds).

Supersedes page 7 of MIL-STD-883E
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1/ All devices submitted for solderability test shall be in the lead finish that will be on the shipped product and which has
been through the temperaturedime exposure of bum-n except for devices which have been hot soider dipped or
undergone tindead fusing after bum-in. The sample size number applies to the number of leads inspected except in
no case shall less than three devices be used to provide the number of leads required.

8/ The sample sze rnurnber of 45 for lead integrity shall be based on the number of ieads or terminals tested and shall be
taken from a minimum of 3 devices. All devices required for the lead integrity test shall pass the seal test and lid
torque test, if applicable, (see 9/) in order to meet the requirements of subgroup 4. For pin grid amray leads and rigid
leads, use method 2028. For leaded chip carier packages, use candition B1. For leadless chip carrier packages only,
use test condition D and a sample size number of 15 based on the number ¢of pads tested taken from 3 devices
minimurn. Sea! test (subgroup 4b) need be perfomed only on packages having leads exiting through a glass seal.

S/ Lid tomue test shall apply only to glass-frit-sealed packages.

10/ The alternate removal-of-bias provisions of 3.3.1 of method 1005 shall not apply for test temperature above 125*C.
11/ Read and record group A subgroups 1, 2, and 3.
1%

Subgroup 7 has been deleted from table lla. The requirements for ESD testing are specified in appendix A of
MIL-PRF-38535.

Supersedes page 8 of MIL-STD-883E
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TABLE V. Group E (radiation hardness assurance tests). 1/

MIL-STD-883E
NOTICE 1

Test MIL-STD-883 Class level S Class level B
vl -
Method Condition aam"a"m’ Notes ?;i_";m Notes
number number )
Subgroup 1 2/ (2) 2(0) devices/wafer KT {a) 2(0) deviceiwafer 4/
11(0) devices/wafer iot 5(0) devices/wafer it
Neutron 1017 25°C ’ 11(0) devices/
irradiation inspection lot
a. Qualification
b. QCl (b} 2(0) devices/water ¥ {b) 2(0) devicesiwafer 4
Endpoint As specified in 11{0) devices/wafer Iot 5(0) devices/wafer lot
electrical accordance with 11(0) devices/
parameters device specification inspection lot
Subgroup 2 5/
Steady-state 1019 25'(.? (a) 4{0) devices/wafer (a) &/ (a) 2(0) devices/wafer
total dose Madmum supply 2(0} devicesiwafer & | 50) devices/wafer lot
irradiation voltage 22(0) devices/water lot 22(0) devices/ i}
a, Quafification inspection lot
b. QCI (b) 4(D) devicesiwater (®) &/ | (b) 2(0) devicesiwafer
) 2(0) devices/wafer & | 5(0) devices/wafer lot
Endpoint As specified in 22(0) devices/wafer lot 22(0) devices/ b
electrical accordance with inspection lot
Subgroup 3 2/ 9/ :
1021 25°C 2(0) devices/wafer 2(0) devices/wafer
Transient Digital ¥ &
ionizing 1023 11(0) devices/wafer lot 11(0) devices/
irradiation Linear . inspection lot
" B EACAATUT T T
Endpoint As specified in
electrical accordance with
parameters device specification
Subgroup 4 2/
Radiation latch-up | 1020 As spedified in the As specified in the device As specified in the device
device specification specification specification
Subgroup 5 2/
Single event ASTM | As specified in the 4(0) devicesiwafer
effects F-1182 | device specification

1/ Parts used for one subgroup test may not be used for other subgroups but may be used for higher levels in the same
subgroup. Total exposure shall not be considered cumutative unless testing is performed within the time limits of the

test method. Group E tests may be performed prior to device screening (see 3.5.3).
) This test is to be conducted cnly when specified in the purchase order or contract.

|
_s
[
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MIL-STD-883E
NOTICE 1

TABLE V. Group E {madiation hardness assurance tests) - Continued. 1/

¥ Inaccordance with wafer lot I one part fails, seven additional parts may be added to the test sampie with no
additional failures allowed, 18(1).

4 Inaccordance with inspection lot. If one part fails, seven additional pants may be added to the test sample with no
additional fallures allowed, 18{1).

&/ Class level B devices shall be inspected using either the class level B quantity/accept nmnbermtenaasspeaﬁed
or by using the class level § criteria on each wafer.

6/  Inaccordance with wafer for device types with less than or equat 1o 4,000 equivalent transistors/chip selected from
the wafer. The manufacturer shall define and document sampling procedures.

7/ Inaccordance with inspection lot. If one part fails, 16 additional parts may be added to the test sample with no
additional failures aftowed, 38(1).

&

In accordance with wafer for device types with greater than 4,000 equivalent transistors/chip selected from the wafer.
The manufacturer shali defing and document sampling procedures.

9/ Upset testing during qualification on first QCI shall be conducted when specified in purchase order or contract. When
specified, the Same microcircuits may be tested in more than one subgroup.

3.52 Altemate qroup B inspection for elass level B. At the manufacturer's option, {class level B only), group B inspection
sha!lbeperforrredonany:nspecuonIotofead\quaﬁﬁedpad(agetypeandleadﬁmshfmmeamdlﬁerentweekofsealmg
Different inspection lots may be used for each subgroup. After this atternate group B inspection is successfully completed,
alloﬁ\erdewcetymmanufacturedmmesmmassetnbly|musmgmesamepadl:agetypeandlaadﬁmshsealedmthe
same week may be accepted without further group B testing. A manufacturer shall not accept inspection lots containing
devices of a particufar package type and lead finish until after the successful completion of group B testing for that package
type and lead finish for each week of seal.

3.52.1 Nonconformance for the atemate qroup B inspection. When a failure has occurred in group B using the alternate
group B procedure, samples from three additional inspection lots of the same package type, fead finish, and week of sea! as
the failed package shall be tested to the failed subgroup(s). If all three inspection lots pass, then all devices manufactured
on the same assembly line using the same package type and iead finish and sealed in the same week may be accepted for
group B inspection, Ifoneormareafthemraeaddruonalmpecﬁonloﬂﬂ then no inspection lot containing devices

manufactured on the same assembly line ysing the same package type type and lead finish seajed in the same week ghall be

ameptedfofgruupamspechonunnleada:rspectmnluthasbeensub]ectedtoandpassedmefadedsubgmup(s).

3.5.3 Group E samples. At the manufacturer's option (but subject to the criteria defined by 3.5.3.1, 3.5.3.2, and 3.5.3.3),
group E samples need nat be subjected to all the screening tests of method 5004, but shall be assembled in a group O
qualified patkage and, as a minimum, pass group A, subgroups 1 and 7, electrical tests at 25°C prior to imadiation.

3.5.3.1 Group E tests shall be performed on samples that have been exposed to bum-in or

3.5.32 as an altemnative, the requirement of 3.5.3.1 can be waived if previous testing has shown that bum-in produces
- negligible changes in the device total dose response or

3.5.3.3 as an atemnative, the Group E tests can be performed on samples which have not received bum-in if the results of
the Group E tests are eomected for the changes in total dose respense which would have been caused by bum-in. This
cortection shall be camried out in 2 manner acceptable to the parties to the test.

3.6 Dispesition of samples. Disposition of sample devices used in groups A, B, C, D. and E testing shall be in
accordance with the applicable device specification.
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MIL-STD-883E
. NOTICE 1

3.7 Substitution of test methods and sequence.

3.7.1 Accelerated qualification or quality conformance testing for class level B. When the accelerated temperatureftime
test conditions of condition F of method 1005 are used for any operating life or steady state reverse bias subgroups on a
given sample for purposes of qualification or quality conformance inspection, the accelerated temperaturesime test
conditions shall be used for all of those named subgroups. When these accelerated test conditions are used for bum-n
screening test (test condition F of method 1015) or stabilization bake (any test temperature above the specified maximum
rated junction temperature for devices with aluminum/ gold metallurgical systems) for any inspection iot, it shallbe "'
mandatory that they also be used for the operating life, and steady-state reverse bias tests of method 5005, as applicable,
or qualification or quality conformance inspection. Qualification and quality conformance inspection may be performed using
accelerated conditions on inspection lots that have been screened using normal test conditions.

3.8 Daia reporting. When required by the appiicabie acquisition document, the foilowing data shall be made available for
each tot submitted for qualification or quality conformance inspection:

a. Results of each subgroup test conducted, initial, and any resubmission.
b. Number of devices rejected.

¢ Failure mode of each rejected device and, for class S, the associated mechanism for catastrophic failures of each
rejected device.

d. Number of additional samples added, when applicable.
e. Resybmitted lots, identification and history,
f.  Read and record variables data on afl specified electrical parameter measurements in group B.
. 4. SUMMARY. The following details shall be specified in' the applicable device specification:
a. Device class and procedure paragraph if other than 3.
b. Sequence of test, sample size, test method, and test condition where not specified, or if other than specified.
¢~ Test condition, cycles, temperatures, axis, etc., where not specified, or if other than specified (see 3).

d. Acceptance procedure {see 3.3) and quantity (accept number) or sample size number and acceptance number, i
other than specified (see 3).

e. Electrical parameters for group A

f.  Electrical paremeters for groups B, C, D, and E end point measurements, where applicable.
g- Requirements for failure analysis (see 3.8).

h. Requirements for data reconding and reporting if other than specified in 3.8.

i.  Restriction on resubmission of failed lots (see 3.4), where applicable.

j- Steady-state life test circuits, where not specified or if other than specified (see subgroup 1 of table Ul and
subgroup 5 of table lla).

k. Parameters on which defta measurements are required.
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MIL-STD-883E
. NOTICE 1

3.8.5.1 Thema! stabifty. The thermal stability of the polymeric material shall be determined by heating the specimens
from room temperzture to not less than 210°C, at a heating rate between 10°C/minute and 20°C/minute, in a nitrogen
atmosphere with 20-30 milliliter/minute nitrogen flow. The weight loss at 200°C shall be determined.

3.8.5.2 Filler content. The filler content of potymeric materials using a filler to promote properties such as electrical or
thermal conductivity shall be determined by heating the specimen frorm room temperature to 600°C, at a heating rate
between 10*C/minute and 20°C/minute, in an air atmosphere with 20-30 milliliter/minute air flow. The temperature shall be
maintained at 600°C unti! constant weight is obtained. it is permitted to perform 3.8.5.1, followed by heating from 210°C to
600°C as detailed above. The filler content shall be reported as weight percent of the cured specimen.

3.8.6 Quigassed materdals. Ten test specimens shall be prepared using gotd- or nicke-plated Kovar of ceramic
packages, (dielectric materials may be prepared using aluminum coated silicon as the substrate). (The use of “leadless”
packages is permitted to reduce moisture contributions due to package construction). The material shall be cured using the
minimum cure schedule and shall receive the minimum pre-seal bake specified in the assembly document(s) (see 3.5.1).
After a pre-seal bake, the packages shall be hermetically sealed. Only those packages that meet the fine and gross leak
test requirements of test method 1014 shall be submitted for moisture content analysis. If less than 10 test specimens
remain after hermetically testing, the failed packages shall be replaced by additional hermetical packages processed and

toctord in tho come mannar ae tha anninal e e
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3.8.6.1 Testing for short term outgassing of moisture and other gaseous species. Five packages containing polymer
prepared in accordance with 3.8.6 shall be heated in accordance with MIL-STD-883, method 1008, 24 hours at 150°C. The
packages shall then be immediately (less than or equal to 5 minutes) inserted into the ambient gas analysis apparatus. The
packages shall be subjected to ambient gas analysis in accordance with MIL-STD-883, method 1018, procedure 1. In
addition to moisture, other gaseous species present in quantities greater than or equal to 100 ppmv (0.01 percent VAV) shall
be reported in ppmv or percent V/V.

All polymeric materials tested shall have quantities of material equivalent in mass and exposed surface area to that of
the intended application. Gold plated Kovar tabs and alumina blanks may be used as facsimile device elements.
Severai poiymeric materiais of different appiication may be in combination with each other in this test, however
their combined moisture content shall not exceed 5,000 ppmv.

3.8.6.2 Testing for long term outgassing of moisture and other gaseous species. Provided that the moisture requirement
of 3.5.3 has been met by packages tested in 3.8.6.1, the remaining five devices containing potyrner from the group prepared
in accordance with 3.8.6 shall be heated in accordance with MIL-STD-883, method 1008 for 1,000 hours at 150°C. The
packages shall then be immediately (less than or equal to 5 minutes) inserted into the ambient gas analysis apparatus. The
packages shall be subjected to ambient gas analysis in accordance with MIL-STD-883, method 1018, procedure 1. In
addition to moisture, other gaseous species present in quantities greater than or equat to 100 ppmv (0.01 percent V) shall
be reported in ppmv of percent V.

3.8.7 lonic impurites. A water-extract analysis shall be performed to determine the leve! of ionic contamination in the
tured polymeric material. The total ion content (specific electrical conductance) and the specific ionic content for the
hydrogen (pH}, chlaride, sodium, fiuoride and potassium ions shall be measured. Other ions present in quantities > 5 ppm
shail also be reported in ppm. The methods of analysis submitted in the following paragraphs are suggested techniques.
Altemate methods of analysis may be selected where it ¢an be shown that the techniques are equivalent and the method of
analysis is approved by the qualifying activity.

3.8.7.1 Sample preparation. Adequate material shall be cured to obtain 3 gram samples of polymer following grinding, for
final preparation. The material shafl be cured on teflon or other inert surface in a forced draft oven. When possible the
cured specimen shall be removed from the curing substrate and ground to 60-100 mesh particles; polymeric film samples
less than or equal to 0.025 cm thick shall be cured and cut into less than or equal to 0.25 cm? samples; gels or low modulus
materials may be cast directly into the flat bottomn of the sample flask for the extraction. Smaller sample sizes may be
selected where it can be shown that the accuracy of the test method has not changed.
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MIL-STD-883E
NOTICE 1

3.8.7.2 Exraction procedure. 3 grams (equivalent resin) of the ground or cut equivatent polymer shall be added to a
cleaned; tarred, 250-mi flasks made of pyrex, or equivatent The weight of the cured material in each flask shall be recorded
to the nearest milligram. 150.0 grams of deionized water with a measured specific conductance less than or equal to 0.1
millisiemens/meter (specific resistivity greater than or equal to 1.0 megohm-centimeter) shall be added to the fiask. A blank

shall be prepared by adding 150.0 grams of the deionzed water and a boiling chip to a second 250-ml fiask. The flasks
shall be refiuxed for 20 haurs.

NOTE: 1.0 mho = 1.0 siemens; 1.0 mha/cm = 100.0 siemens/meter,

3.8.7.3 Measurement of ionic content.

3.8.7.3.1 Total ionic content. The total extractable ionic content shall be determined by measuring the specific electrieal
conductance of the water-extract sampies and the blank using a canductivity meter with an immersion conductivity cell
having a cell constant of 0.01/centimeter (altematively 0.1 cm™ to adjust for proper analysis of the solution). The total ionic

content, in millisiemens/meter, shall be obtained by subtracting the specific conductance of the blank from the spedific
conductance of the samples. :

3.8.7.32 Hydrogen ion content (pH). The pH of the water extract shall be determined using a pH meter with a standard
combination electrode.

3.8.7.3.3 Specific ion analysis. Specific ion analysis of the water extract shall be eonducted using ion chromatography or
a demonstrated equivaient. The ion concentrations in the extract shall be converted to the sample extractable
concentrations by multiplying the ratio of the deionized water weight (W) to polymer sample weight (S); that is, by (WFS).
The chloride, sodium, fluoride and patassium ion tevels and all other ions detected in quantifies > 5 ppm shall be reported in
ppm. )

3.8.8 Bond strength. The bond strength of the polymeric material shall be determined in accordance with 3.8.8.1, 3.8.8.2
or 3.8.8.3 below. As a minimum, five elements shall be tested to failure at the following conditions:

a. At25'C.

b. A1 25°C after 1,000 hours at 150°C in an air or nitrogen ambient.

TL- P o

average bond strength at each test condition shali be deiermined in idiograms (force).

3.8.8.1 Bond strenqth. The bond strength shall be determined in accordance with method 2019 of

MIL-STD-883. A gold-netalized substrate or a goid- or nickel-plated package shall be used 25 the bonding surfase for bond
strength testing.

3.8.8.1.1 Type | matefials. Supphiers shall use 0.08 inch-square (0.2 centimeter-square) goid-piated Kovar tabs.
3.8.8.1.2 Type ll matenials. Suppliers shall use 0.08 inch-square (0.2 centimeter-square) alumina chips.

2.8.8.2 Bond strength. The bond strength may be determined in accordance with ASTM D1002 as an altemative to test
method 2019. If ASTM D1002 is used, the results must be cometated to assure that the bond strength of the adhesive is
shown to be equivalent to the Method 2018 fallure criteria.

3.8.8.3 Moidmg compounds or encapsulants. Mokding compounds or encapsutants shall be tested in accordance with
MIL-STD-883, test method 1034.
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