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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 18: lonizing radiation (total dose)

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization.comp
| national electrotechnical committees (IEC National Committees). The object of IEC ‘s to prg
ternational co-operation on all questions concerning standardization in the electrical and etectronic field
is end and in addition to other activities, IEC publishes International Standards, Technical Specifica
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftef)referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National"Committee inter
the subject dealt with may participate in this preparatory work. Internationaly” governmental and
bvernmental organizations liaising with the IEC also participate in this preparatien. IEC collaborates cl
th the International Organization for Standardization (ISO) in accordance. with conditions determing
jreement between the two organizations.

he formal decisions or agreements of IEC on technical matters express,(as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical.ommittee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC Na
pommittees in that sense. While all reasonable efforts are made to ensure that the technical content o
ublications is accurate, IEC cannot be held responsibleyfor the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
pnsparently to the maximum extent possible in their national and regional publications. Any diverd
etween any IEC Publication and the corresponding national or regional publication shall be clearly indica
e latter.

C itself does not provide any attestationof*conformity. Independent certification bodies provide confg
Esessment services and, in some areas,)\access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent ceptification bodies.

| users should ensure that they have the latest edition of this publication.

o liability shall attach to IEC.of\its directors, employees, servants or agents including individual expert
embers of its technical committees and IEC National Committees for any personal injury, property dama
her damage of any nature, whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of. the publication, use of, or reliance upon, this IEC Publication or any othe
ublications.

tention is drawn to.the Normative references cited in this publication. Use of the referenced publicatig
dispensable for thé correct application of this publication.

tention is-drawn to the possibility that some of the elements of this IEC Publication may be the subjg
htent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60749-18 has been prepared by IEC technical committee 47:

Sem

iconductor devices.

This second edition cancels and replaces the first edition published in 2002. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) updates to subclauses to better align the test method with MIL-STD 883J, method 1019,

ddition of a Bibliography, which includes ASTM standards relevant to this test methed.

The|text of this International Standard is based on the following documents:
FDIS Report on voting

47/2539/FDIS 47/2554/RVD
Fulllinformation on the voting for the approval of this InternationalStandard can be fourld in
the report on voting indicated in the above table.
This|document has been drafted in accordance with the ISONEC Directives, Part 2.
A ligt of all parts in the IEC 60749 series, published.dnder the general titte Semicondyctor
devices — Mechanical and climatic test methods, can be found on the IEC website.
The|committee has decided that the contents of\this document will remain unchanged unti| the
stabjlity date indicated on the IEC website under "http://webstore.iec.ch" in the data relatgd to
the $pecific document. At this date, the document will be
e rneconfirmed,
e withdrawn,
e replaced by a revised edition, or
e amended.
IMPDRTANT - The *colour inside” logo on the cover page of this publication indicates
that|it contains:colours which are considered to be useful for the correct understandging

of it

s contents."Users should therefore print this publication using a colour printer.
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SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 18: lonizing radiation (total dose)

1 Scope

This| part of IEC 60749 provides a test procedure for defining requirements for-testing
packaged semiconductor integrated circuits and discrete semiconductor devices fofienizing
radigtion (total dose) effects from a cobalt-60 (60Co) gamma ray source. Other suitpble
radi@tion sources can be used.
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Thefe are four tests presented in this procedure:

a) standard room temperature irradiation test;

b) an irradiation at elevated temperature/cryogenic tempéevrature test;
c) &@n accelerated annealing test;

d) an enhanced low dose rate sensitivity (ELDRS), test.
Thelaccelerated annealing test estimates how, dose rate ionizing radiation effects on deVices
is important for low dose rate or certainXother applications in which devices can exhibit

signjficant time-dependent effects. The ELDRS test determines if devices with bipolar lipear
components exhibit sensitivity to enhardced radiation-induced damage at low dose rates.

This| document addresses only_steady-state irradiations, and is not applicable to pulse type
irradiations.

It is intended for military= and aerospace-related applications.

This| document-ma{ ¢an produce severe degradation of the electrical properties of irradipted
devipes and thus-sheould-be is considered a destructive test.

2 Normative references

Thetelare no normative references in this document

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
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3.1

ionizing radiation effects, pl

changes in the electrical parameters of a device or integrated circuit resulting from radiation-
induced charge

Note 1 to entry: These are also referred to as total dose effects.

3.2
in-flux test
electrical measurements made on devices during irradiation exposure

3.3
intefnal dose pattern
logi¢ condition of all elements within a logic circuit during radiation exposure

3.4
non|in-flux test
electrical measurements made on devices at any time other than during irradiation

3.5
rempte test
electrical measurements made on devices that are physically,removed from the radigtion
location

3.6
timd-dependent effect
TDE
signjficant degradation in electrical parameters, caused by the growth or annealing, or both, of
radiation-induced trapped charge after irradiation

Note |1 to entry: Similar effects also take place duting irradiation.

Note |2 to entry: This note applies to the Freach language only.

3.7
accelerated annealing test
progedure utilizing elevated temperature to accelerate time-dependent effects

3.8
enhanced low dose jate sensitivity

ELDRS

part|that show§.enhanced radiation-induced damage at dose rates below 0,5 Gy(Si)/s

Note |1 to gntry:” This note applies to the French language only.

3.9
overtest

factor that is applied to the specification dose to determine the test dose level that the
samples have to pass to be acceptable at the specification level

Note 1 to entry: An overtest factor of 1,5 means that the parts should be tested at 1,5 times the specification dose.

3.10

parameter delta design margin

PDDM

design margin that is applied to the radiation-induced change in an electrical parameter

Note 1 to entry: For a PDDM of 2 the change in a parameter at a specified dose from the pre-irradiation value is
multiplied by two and added to the pre-irradiation value to see if the sample exceeds the post-irradiation parameter
limit. For example, if the pre-irradiation value of base current 7, is 30 nA and the post-irradiation value at 200 Gy(Si)
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is 70 nA (change in I, is 40 nA), then for a PDDM of 2 the post-irradiation value would be 110 nA
(30 nA + 2 x40 nA). If the allowable post-irradiation limit is 100 nA, the part would fail.

4 Test apparatus

4.1 Choice of apparatus

The apparatus shall consist of the radiation source, electrical test instrumentation, test circuit
board(s), cabling, 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| low
noise characteristics.

4.2 Radiation source

The|radiation source used in the test shall be the uniform field of a 80Co gamma ray soyrce.
Unifprmity of the radiation field in the volume where devices are irradiated\shall be within £10 %
as npjeasured by the dosimetry system, unless otherwise specified. The(ntensity of the gamma
ray field of the 80Co source shall be known with an uncertainty of .no*more than +5 %. Field
uniformity and intensity can be affected by changes in the location of the device with respect
to the radiation source and the presence of radiation absorption-and scattering materials.

4.3 | Dosimetry system

An pppropriate dosimetry system shall be provided<that is capable of carrying out| the
measurements called for in 5.3 (see Bibliography).

4.4 Electrical test instruments

All ipnstrumentation used for electrical measurements shall have the stability, accuracy,|and
resolution required for accurate measurement of the electrical parameters. |[Any
instjumentation required to operate injaradiation environment shall be appropriately shielded.

4.5 | Test circuit board(s)

Devices to be irradiated shall’ either be mounted on or connected to circuit boards toggther
with] any associated circuitry necessary for device biasing during irradiation or for in|situ
measurements. Unless:* otherwise specified, all device input terminals and any others
whigh-may can affect-the radiation response shall be electrically connected during irradiation,
i.e. mot left floating.

The|geometry) 'and materials of the completed board shall allow uniform irradiation of| the
devipes .under test. Good design and construction practices shall be used to preyent
oscillations, minimize leakage currents, prevent electrical damage and obtain accyrate
measurements. Only sockets that 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).

All 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
uniformity of the radiation field intensity on the devices under test.

Leakage current shall be measured outside the field of radiation. 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 leakage current between any two terminals shall not exceed 10 % of the
lowest current limit value in the pre-irradiation device specification.
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Test circuit boards used to bias devices during accelerated annealing-must shall be capable
of withstanding the temperature requirements of the accelerated annealing test and shall be
checked before and after testing for physical and electrical degradation.

4.6 Cabling

Cables connecting the test circuit boards in the radiation field to the test instrumentation shall
be as short as possible. If long cables are necessary, line drivers-may can be required. The
cables shall have low capacitance and low leakage to ground, and low leakage between wires.

4.7 __Interconnect or switching system

This| system shall be located—externalte outside the radiation environment location, |and
provides the interface between the test instrumentation and the devices under test{lt is|part
of the entire test system and subject to the limitation specified in 4.5 for leakage between
terminals.

4.8 Environmental chamber

Thelenvironmental chamber for time-dependent effects testing, if required, shall be capable of
maintaining the selected accelerated annealing temperature within't5 °C.

4.9 | Irradiation temperature chamber

Thelirradiation temperature chamber, if required for elev+ated temperature irradiation shpuld
be capable of maintaining a circuit under test at 100 /€% 5 °C while it is being irradiated.|The
chamber should be capable of raising the tempefature of the circuit under test from rpom
temperature to the irradiation temperature withii\a reasonable time prior to irradiation]|and
cooljng the circuit under test from the irradiationMe€mperature to room temperature in less than
20 rpin following irradiation. The irradiation.kias shall be maintained during the heating|and
cooljng. The method for raising, maintaining*and lowering the temperature of the circuit upder
test|can be by conduction through a healf'sink using heating and cooling fluids, by convegtion
using forced hot and cool air, or athrer means that will achieve the proper results.| For
cryogenic temperature irradiations;the chamber should be capable of maintaining the|[test
devipe/unit at the required cryogenic temperature within £5 °C (e.g., liquid helium or liquid
nitrggen) while it is being irr@diated. The chamber should be capable of maintaining| the
cryogenic temperature of thie tfest device/unit during post-irradiation electrical testing.

5 Procedure

5.1 Test plan

The|test devices shall be irradiated and subjected to accelerated annealing testing (if reqyired
for fimetdependent effects testing) as specified by a test plan. This plan shall specify] the
devipedescription, irradiation conditions, device bias conditions, dosimetry system, opergating
conditi ; iti i test
conditions (if required).

5.2 Sample selection and handling

Only devices that have passed the electrical specifications as defined in the test plan shall be
submitted to radiation testing. Unless otherwise specified, the test samples shall be randomly
selected from the parent population and identically packaged. Each part shall be individually
identifiable to enable pre- and post-irradiation comparison. For device types that are
electrostatic discharge (ESD)-sensitive, proper handling techniques shall be used to prevent
damage to the devices.
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5.3 Burn-in

For some devices, there are differences in the total dose radiation response before and after
burn-in. Unless it has been shown by prior characterization or by design that burn-in has a
negligible effect (parameters remain within post-irradiation specified electrical limits) on the
total dose radiation response, then one of the following functions-must shall take place:

a) the manufacturer shall subject the radiation samples to the specified burn-in conditions
prior to conducting total dose radiation testing; or

b) the manufacturer shall develop a correction factor, (which is acceptable to the parties to

the test) taking into account the changes in total dose response resulting from subjecting
he product to burn-in. The correction factor shall then be used to accept the product for
otal dose response without subjecting the test samples to burn-in.

5.4 | Dosimetry measurements

The|radiation field intensity at the location of the device under test shall befdetermined prior
to tgsting by dosimetry or by source decay correction calculations, as appropriate, to engure
conformance to the test level and uniformity requirements.

The|dose applied to the device under test shall be determined in ong, of two ways:

b) Iy correcting a previous dosimetry value for the decay-of the 60Co source intensify in
he intervening time. Appropriate correction shall be made to convert from the measpred

br calculated dose in the dosimeter material to the-dose in the device under test.

a) iy measurement during the irradiation with an appropriate dosimeter; or

5.5 | Lead/aluminium (Pb/Al) container

Tes{ specimens shall be enclosed in a Pb/Al gontainer to minimize dose enhancement effects
cauged by low-energy scattered radiation..A’'minimum of 1,5 mm of lead (Pb), surroundinf an
innef shield of at least 0,7 mm aluminium (Al) is required. This Pb/Al container produceg an
appriloximate charged particle equilibfium for Si and for thermoluminescence dosimefries
(TLDs) such as CaF2. The radiation field intensity shall be measured inside the Hb/Al
container (1) initially, (2) whenxthe source is changed, or (3) when the orientatioh or
configuration of the source, container or test-fixture is changed. This measurement shall be
performed by placing a dosimeter (e.g. a TLD) in the device-irradiation container at| the
appiloximate test-device position. If it can be demonstrated that low energy scattered radigtion
is small enough that it Will not cause dosimetry errors due to dose enhancement, the Hb/Al
container may be omitted.

5.6 | Radiation:level(s)

The|test devices shall be irradiated to the dose level(s) specified in the test plan within £1D %.
If multiple irradiations are required for a set of test devices, then the post-irradiation electrical
pargmeéter measurements shall be performed after each irradiation.

5.7 Radiation dose rate

5.7.1 Radiation dose rate determination
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The radiation dose rate for bipolar and BiCMOS linear or mixed-signal parts used in
applications where the maximum dose rate is below 0,5 Gy(Si)/s shall be determined as
described in 5.14. Parts used in low dose rate applications, unless they have been
demonstrated to not exhibit an ELDRS response shall use condition C, condition D, or
condition E.

A flow diagram for ionizing test procedures for MOS and digital bipolar devices is shown in
Figure 1. A flow diagram for ionizing radiation test procedure for bipolar
(or BiCMOS) linear or mixed-signal devices is shown in Figure 2.

NOT Devices that contain both MOS and bipolar devices can require gqualification to multiple subconditions to
ensufe that both ELDRS and traditional MOS effects are evaluated.

5.7.2 Condition A

For |condition A (standard condition), the dose rate shall be between 05 Gy(Si)/s |and
3 Gy(Si)/s for integrated circuits and between 0,5 Gy(Si)/s and 20 Gy(Si)/s for disqrete
semj-conductor devices. The dose rates may be different for each radiation dose level in
a series; however, the dose rate shall not vary by more than +10 % durjng each irradiation.

5.7.3 Condition B

For pondition B, for MOS devices only, if the maximum dose ratel is-< less than 0,5 Gy(Si)s in
the |[ntended application, the parties to the test-may can agree to perform the test at a dose
rate|greater than or equal to the maximum dose rate of the intended application. Unlesq the
exclpsions in 5.13.2 b) are met, the accelerated annealing test of 5.13.3 shall be performed.

5.7.4 Condition C
For pondition C, (as an alternative) the test may'be performed at the dose rate of the intended

appljication if this is agreed to by the parties(to the test. Where the final user is not known| the
test|conditions and results shall be madeJavailable in the test report with each purchase drder.

5.7.% Condition D

For pondition D, for bipolar or BJCMOS linear or mixed-signal devices only, the parts shall be

irradiated at less than or equal*to 0,1 mGy(Si)/s.

5.7.6 Condition E

For pondition E, forbipolar or BiICMOS linear or mixed-signal devices only, the parts sha|l be
irradiated with-%the accelerated test conditions determined by characterization testing as
discpssed in8<4.3. The accelerated test may include irradiation at an elevated temperature.

5.8 | Temperature requirements

5.8.T— Room temperature radtation

Since radiation effects are temperature dependent, devices under test shall be irradiated in an
ambient temperature of 24 °C + 6 °C as measured at a point in the test chamber in close
proximity to the test fixture. The electrical measurements shall be performed in an ambient
temperature of-256 24 °C +-5 6 °C. If devices are transported to and from a remote electrical
measurement site, the temperature of the test devices shall not be allowed to increase by
more than 10 °C from the irradiation environment. If any other temperature range is required,
it shall be specified.

Caution: Annealing at ambient temperatures above the irradiation temperature can be
significant, especially for the extended times allowed for the time between irradiations at low
dose rate (condition D). It is important to ensure that the temperature of the parts is
maintained within the above stated requirements to minimize annealing.
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5.8.2 Elevated temperature irradiation

For bipolar or BiCMOS linear or mixed-signal devices irradiated using the condition E
elevated temperature irradiation test, devices under test shall be irradiated in an ambient
temperature determined by characterization testing (see 5.14.3) as measured at a point in the
test chamber in close proximity to the test fixture (see 4.8 for details on raising and lowering
the irradiation temperature).

5.8.3 Cryogenic temperature irradiation

For test devices/units operated in cryogenic temperature applications, the devices/units shall
be ifradiated at cryogenic temperature (see 4.8) and maintained at cryogenic temperatyre for
postl exposure characterization testing (see 5.11). The test device/units shall renmaiph at
cryogenic temperature throughout all irradiations and characterization testing unti{{*tHe final
totall dose exposure and characterization have been completed.

5.9 | Electrical performance measurements

The| electrical parameters to be measured and functional tests to be’performed shall be
spegified in the test plan. As a check on the validity of the measurement system and pre-|and
posttirradiation data, at least one control sample shall be measured using the operating
conditions provided in the governing device specifications. EorJautomatic test equipment,
therg is no restriction on the test sequence provided that the rise in the device jungtion
temperature is minimized. For manual measurements;vthe sequence of parameter
measurements shall be chosen to allow the shortest possible measurement period. When a
serigs of measurements is made, the tests shall bé arranged so that the lowest power
diss|pation in the device occurs in the earliest measurements and the power dissipation
incr¢ases with subsequent measurements in the sequence.

The| pre- and post-irradiation electrical measurements shall be carried out on the spme
measurement system and the same sequence of measurements shall be maintained for ¢ach
serigs of electrical measurements of devices in a test sample. Pulse-type measuremenis of
electrical parameters should be used<as appropriate to minimize heating and subseqpuent
annegaling effects. Devices which will"be subjected to the accelerated annealing testing [see
5.13) may be given a pre-irradiation’burn-in to eliminate burn-in related failures.

5.100 Test conditions
5.10.1 Choice of test-conditions

The|use of in-flux‘or non in-flux testing shall be specified in the test plan. (This—may|can
depnd on the_intended appllcatlon for wh|ch the data are belng obtalned ) The use of intflux
cts.
atic
Dr a
nore
me-

dependent effects occur.

5.10.2 In-flux 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, leakage (see 4.5), and noise level. To ensure the proper operation and
stability of the test set-up, a control device with known parameter values shall be measured at
all operational conditions called for in the test plan. This measurement shall be carried out
either before the insertion of test devices or upon completion of the irradiation after removal
of the test devices or both.
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5.10.3 Remote testing

Unless otherwise specified, the bias shall be removed and the device leads placed in
conductive foam (or similarly shorted) during transfer from the irradiation source to a remote
tester and back again for further irradiation. This minimizes post-irradiation time-dependent
effects.

5.10.4 Bias and loading conditions

Bias conditions for test devices during irradiation or accelerated annealing shall be within
110 % of those specified by the test plan. The bias applied to the test devices shall be

intepded application, if known. The bias, loading and internal dose-pattern conditiogns*ghall

rem

sele’[ted fo produce the greatest radiation-induced damage or the worst-case damage fof the

in constant throughout a step-wise total ionizing dose exposure and anneal. If@ny of the

bias| loading or internal dose-pattern conditions are not at the worst-case condition, thén a
justification for the conditions used shall be provided in the test plan and test, report. While
maxjmum voltage is often worst case some bipolar linear device parameters|fe.g. input |pias
currgnt or maximum output load current) exhibit more degradation with 0 V*bids. The specijfied
bias| shall be maintained on each device in accordance with the test.plan. Bias shall be
chegked immediately before and after irradiation. Care shall be taken|in“selecting the loading

such that the rise in the junction temperature is minimized.

5.11 Post-irradiation procedure

Unlgss otherwise specified, the following time intervals shall be observed:

a)

b)

c)

The time from the end of an irradiation to the start of electrical measurements shall be a
maximum of 1 h for condition A. For conditions '8, C, D and E, the time from the end qf an
irradiation to the start of electrical measuremerts may be equal to 10 % of the incremgntal
irradiation time up to (but not exceeding) 72 h if this time is greater than 1 h, otherwige it
hall be a maximum of 1 h. As an option\for remote electrical testing, for conditions A, B,
C, D and E, parts may be packed in dry ice until the start of electrical testing, but only if
acked within 15 min after the completion of irradiation. While in dry ice, the part lgads
hall be shorted, the parts shalkbe verifiably maintained at a maximum temperature of
60 °C, and the time from comipletion of irradiation until the start of electrical testing may
ot exceed 72 h. The electrical testing shall be conducted after the parts have been
estored to room temperature but within 30 min after the parts are removed from thq dry
ice. Electrical testing shall be as specified in 5.8.1. The times at room temperature|and
fhe times and tempegature for the dry ice procedure may be different if demonstrated py a
haracterization testas described in 5.11 c¢) below.

The time to, perform the electrical measurements and to return the device for a
subsequentsirradiation, if any, shall be within 2 h of the end of the prior irradiation for
ondition-A{"For conditions B, C, D and E, the time to perform the electrical measuremgents
and to retarn the device for a subsequent irradiation, if any, may be equal to 20 % of the
incremental irradiation time up to (but not exceeding) 120 h if this time is greater than|2 h,
ptherwise it shall be a maximum of 2 h. As an option for continued additional irradigtion

15 min after the completion of electrical testing. While in the dry ice, the part leads shall
be shorted, the parts shall be verifiably maintained at a maximum temperature of -60 °C,
and the time from completion of electrical testing until the start of irradiation may not
exceed 72 h. The radiation exposure shall begin after the parts have been restored to
room temperature but within 30 min after the parts are removed from the dry ice. The
times at room temperature and the times and temperature for the dry ice procedure may
be different if demonstrated by a characterization test as described in 5.11 c) below.

If the dry ice test method is used, the characterization test shall be performed on
annealing at the particular technology node of study to demonstrate that the annealing will
be less than 10 % for all critical parameters compared to room temperature data taken
within 1 h after irradiation. Other times and temperatures than those listed in 5.11 a) and
5.11 b) may be considered as part of the characterization test. However, the time for
electrical measurements following irradiation shall not exceed 72 h and the time between
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successive irradiations shall not exceed 120 h. For example, if the manufacturer’s cold
temperature specification limit is higher than -60 °C this higher temperature may be
allowed. For another example, if the parts show very little annealing at room temperature
following condition A irradiation, the 1-h and 2-h limits could be increased. For any
exceptions to the times and temperatures in 5.11 a) and 5.11 b) it shall be demonstrated
that the annealing under these different conditions is within 10 % for all critical parameters
compared to room temperature data taken within 1 h after irradiation, or the appropriate
time limit for the irradiation test condition, if greater than 1 h. The characterization test
results shall be included with the test report as specified in 5.15.

To minimize time-dependent effects, these intervals shall be as short as possible. The
seqyence —of —parameter —Tmeasurements —stratt—be—mmaimtaimed——constant—throughout] the

tests series.

5.12 Extended room temperature annealing test
5.1241 Choice of annealing test

The|tests of 5.2 to 5.11 are known to be overly conservative for some.devices in a very

ow

dose rate environment (e.g. dose rates characteristic of space missions). The extended rpom

temperature annealing test provides an estimate of the performance ‘of a device in a very
dos

ow
rate environment even though the testing is performed afca’relatively high dose [rate

(e.g] 0,5 Gy(Si)/s to 3 Gy(Si)/s). The procedure involves irradiating the device following
progedures indicated in 5.2 to 5.11 and post-irradiation subjecting the device under test

the
to a

room temperature anneal for an appropriate period of time (see 5.12.2 c)) to allow leakpge-
relajed parameters that may have exceeded their pre-irfadiation specification to returp to
with|n specification. The procedure is known to lead{to*a higher rate of device acceptange in

casegs:

a)

5.12.2 Need to perform an extended room temperature annealing test

vhere device failure when subjected to thé tests in 5.2 to 5.11 has been caused by| the
buildup of trapped positive charge in relatively soft oxides; and

vhere this trapped positive charge anheals at a relatively high rate.

The|following criteria shall be\used to determine whether an extended room tempergture

c)

aling test is appropriate:

he procedure is appropriate for either MOS or bipolar technology devices.

he procedure is appropriate where only parametric failures (as opposed to functipnal
ailure) occur. (The parties to the test shall take appropriate steps to determine |that
he device under test is subject to only parametric failure over the total ionizing dose
esting range:

he procedure is appropriate where the natural annealing response of the device uphder
est Will serve to correct the out-of-specification of any parametric response. Further| the
roCedure is known to lead to a higher rate of device acceptance in cases where| the

e X L . o : dture
annealing of the radiation-induced trapped positive charge can lead to a significant
improvement of the device's behaviour. Cases where the expected application dose rate is
lower than the test dose rate and lower than 0,001 Gy(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.

5.12.3 Extended room temperature annealing test procedure

If the device fails the irradiation and testing specified in 5.2 to 5.11, an additional room
temperature annealing test may be performed as follows.
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a)

b)

c)

Following the irradiation and testing of 5.2 to 5.11, subject the device under test to a room
temperature anneal under worst-case static bias conditions. For information on worst case
bias see 5.10.4.

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.

Where possible, the room temperature anneal should continue for a length of time great
enough to allow device parameters that have exceeded their pre-irradiation specification
to return to within specification or post-irradiation parametric limit (PIPL) as established by
the manufacturer. However, the time of the room temperature anneal shall not exceed #,,:

spec  is the total ionizing dose specification for the part, and

Rmax IS the maximum dose rate for the intended use.

d) Test the device under test for electrical performance as specified.ih 5.8 and 5.9. I
device under test passes electrical performance tests following the extended r
temperature anneal, this shall be considered acceptable perfarmance for a very low ¢

the
pom
ose

ate environment in spite of having previously failed the post-irradiation and electrical fests

¢f 5.2 to 5.11.
5.13 MOS accelerated annealing test
5.13.1 Choice of MOS accelerated annealing test

micrpcircuits in low dose rate environments: The procedure involves heating the de
following irradiation at specified temperature, time and bias conditions. An acceler

vice
ated
DES)
med
vice

degiadation or failure (see 5.13.2)'or where they do not need to be considered, as specifigd in
5.13.2

5.13.2 Need to perform accelerated annealing test

The| parties to the-\test shall take appropriate steps to determine whether accelerpted
anngaling testingiis required. The following criteria shall be used.

a) The tests\<called out in 5.13.3 shall be performed for any device or circuit type [that

¢ontains.MOS circuit elements (e.g. transistors or capacitors).

DE'‘tests may be omitted if

2) the ionizing dose in the application, if known, is below 50 Gy(Si), or

3) the lifetime of the device from the onset of the irradiation in the intended application, if

known, is short compared with TDE times, or
4) the test is 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 TDE changes in device parameters greater than experimental error (or
greater than an otherwise specified upper limit) and the variables that affect TDE

response are demonstrated to be under control for the specific vendor processes.

At a minimum, the characterization testing in item 5) shall include an assessment of
TDE on propagation delay, output drive, and minimum operating voltage parameters.
Continuing process control of variables affecting TDE-—may can be demonstrated

through lot sample tests of the radiation hardness of MOS test structures.
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c) This document provides no guidance on the need to perform accelerated annealing tests
on technologies that do not include MOS circuit elements.

5.13.3 Accelerated annealing test procedure

If the device passes the tests of 5.2 to 5.11 or if it passes 5.12 (if that procedure is used) to
the total ionising dose level specified in the test plan or device specification or drawing and
the exclusions of 5.13.2 do not apply, the accelerated annealing test shall be conducted as
follows:

a) Overtest

) lrradiate each test device 10 an additional 0,5 times the speciiied dose using] the
standard test conditions (5.2 to 5.11). Note that no electrical testing is required™at|this
time.

2) The additional 0,5 times irradiation in 5.13.3, item a) 1) may be omitted)ifit has heen
demonstrated via characterization testing that

— none of the circuit propagation delay, output drive, and minimum-operating volfage
parameters recover toward their pre-irradiation value greater“than experimgntal
accelerated annealing test of 5.13.3 item b), and

— the irradiation biases chosen for irradiation and accelerated annealing tests| are
worst-case for the response of these parameters during-accelerated annealing.

The characterization testing to establish worst-casefirradiation and annealing biases
shall be performed at the specified level. The tésting shall at a minimum incjude
separate exposures under static and dynamic ‘irradiation bias, each followeq by
worst-case static bias during accelerated annealing according to 5.13.3, item b).

b) Accelerated annealing
Heat each device under worst-case staticbias conditions in an environmental chamber
gccording to one of the following conditions:
) at 100 °C £ 5 °C for 168 h+ 12 h, er
2) at an alternate temperature and<time that has been demonstrated via characterization
testing to cause equal or, greater change in the parameter(s) of interest,| for
example propagation delayy-output drive, and minimum operating voltage, in each|test
device as that caused by,5.13.3, item b) 1), or
) at an alternate temperature and time which will cause trapped hole annealing pf—=
more than 60 % @and interface state annealing of-< less than 10 % as determined via
characterizationtesting of NMOS test transistors from the same process. It shall be
demonstrated that the radiation response of test transistors represents that of| the
device undertest.
c) EKlectrical testing

B
Following-the accelerated annealing, the electrical test measurements shall be performed
4s specified in 5.9 and 5.10.

5.14—F I for-bivod FBIEMOS+ ced-si Hdevi "

intended application dose rates less than 0,5 Gy(Si)/s

5.14.1 Need to perform ELDRS testing

Many bipolar linear parts exhibit ELDRS, which cannot be simulated with a room temperature
of 0,5 Gy(Si)/s to 3 Gy(Si)/s irradiation plus elevated temperature anneal, such as that used
for MOS parts (see ASTM F 1892 for more technical details). Parts that exhibit ELDRS shall
be tested either at the intended application dose rate, at a specified low dose rate to an
overtest radiation level, or with an accelerated test such as an elevated temperature
irradiation test that includes a parameter delta design margin (see the characterization test for
ELDRS parts, in 5.14.3). For part types that have not been characterized for ELDRS a
characterization test shall be performed to determine if the part types are ELDRS susceptible.
The ELDRS tests described in 5.14 may be omitted if:
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a)
b)
c)

devices are known not to contain bipolar transistors by design,
devices are known not to contain any linear circuit functions by design, or

the device type and IC technology have been demonstrated via characterization testing
not to exhibit ELDRS (5.14.2) in device parameters greater than experimental error and
the variables that affect ELDRS response are demonstrated to be under control for the
specific vendor processes.

5.14.2 Determination of whether a part exhibits ELDRS

5.14.2.1 Characterization testing for ELDRS

If a|part cannot be eliminated by the criteria in 5.14.1 and has not been characterlﬁ: for
ELDRS then the part shall be subjected to a characterization test to determine&i\gt
exhipits ELDRS. This test shall be performed at two dose rates. If the part mee@ € criferia

for

irradiation conditions for production or lot acceptance tests. (-1/

5.14.2.2 Characterization test to determine whether a part exhibiaﬁt RS

receint production runs. Smaller sample sizes may be used if agr
to the test. All of the selected devices shall have undergone appropriate elevated temperdture
religpility screens, for example burn-in and high temperaturfgé

Seldct a minimum random sample out of twenty devices from a pgﬁ&%tion representatile of

er it

LDRS then an additional characterization test may be performed to rg ablish| the

upon between the parties

rage life. Divide the samjples

into |four groups of five each and use the remaining part for ‘a control. Perform pre-irradigtion

Irra
acq

spe

elecfrical characterization on all parts ensuring that t;e@neet the Group A electrical tests.

samples under a 0-V bias and another five u p@ e irradiation bias given in the acquisjtion
tu

diate five samples under a 0-V bias and another
disition specification at 0,5 Gy(Si)/s to 3 Gy(

under the irradiation bias given in the
and room temperature. Irradiate|five

gification at < 0,1mGy (Si)/s and room tem re. Irradiate all samples to the same dlose

levels, including 0,5 times and 1,0 times thé%anticipated specification dose, and repeaf the
electrical characterization on each partioat each dose level. Post-irradiation electrical

con
(A
dos
dos
con
cha

elecfrical specificatio

meajsurements shall be performed in ? rdance with 5.11 where the low dose rate tept is

5.143 Chara%@atlon of ELDRS parts to determine the irradiation conditions for

gidered condition D. Calculate thé\fadiation-induced change in each electrical paramnjeter

a) for each sample at each raéja ion level. Calculate the ratio of the median 4 af low

ara

rate to the median 4,, gh dose rate for each irradiation bias group at each fotal
level. If this ratio exce ,5 for any of the most sensitive parameters then the pgrt is
gidered to be ELDRS eptible. This test does not apply to parameters which exhibit

nges that are withi experlmental error or whose values are below the pre-irradigtion
i&ﬂts at low dose rate at the specification dose.

pro n or lot acceptance testing

e pa@e is known to exhibit ELDRS or has been shown to exhibit ELDRS by| the
acierization tests in 5.14.2.2 then the production or lot acceptance testing may be

d using the default low dose rate test at < 0,1mGy (Si)/s (condition D) of an
| be

performed to establish the test parameters for the test. The accelerated test approach may

incl
a)
b)
c)
d)
e)

ude one of the following methods:

a room temperature low dose rate irradiation at a dose rate greater than 0,1mGy (Si)/s;
an elevated temperature irradiation;

combinations of high dose rate tests and elevated temperature anneals;

switched dose rates;

some other form of accelerated testing (for guidance on characterization of ELDRS parts
see ASTM F 1892:2018, Appendix X2).

The characterization testing of the ELDRS parts shall demonstrate that the irradiation test
procedure for production or lot acceptance testing will bound the low dose rate response for
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all critical electrical parameters at a dose rate of less than 0,1mGy (Si)/s using a combination
of overtest and/or parameter delta design margins. Hence the characterization testing shall
include irradiation at less than 0,1mGy (Si)/s, to the specification dose, as a baseline for
comparison.

5.14.4 Low dose rate or elevated temperature irradiation test for bipolar or BiCMOS

linear or mixed-signal devices

All devices that do not meet the exception of 5.14.1 shall be tested using one of the following
test conditions:

a)

b)

5.19 Test report

As
the

num

The|bias circuit, parameter measurement cireuits, the layout of the test apparatus with dettails
of dLstances and materials used, and electrical noise and current leakage of the elec
mea

appiopriate.

Eac
during irradiation, the ambient temperature around the devices during irradiation

electrical testing, the duration of each irradiation, the time between irradiation and the start of

the

nexf| irradiation when“\step irradiations are used, the irradiation dose rate, electrical
conditions, dosimetry System and procedures, and the radiation test levels.

The|pre- and-pOst-irradiation data shall be recorded for each part and retained with the pg

repdrted” ;The accelerated annealing procedure, if used, shall be described. Any
radigtion test procedures or test data required for the delivery shall be specified in the d¢g
spedificat ;

6

est at the dose rate agreed to. Irradiate each test device at the dose rate describg
b.7.4 (condition C) using the standard test conditions (5.2 to 5.11).

[est at a specified low dose rate. Irradiate each test device at the dose rate describg
.7.5 (condition D) using the standard test conditions (5.2 to 5.11) withnhe follo
dditional requirements: an overtest factor of 1,5 shall be applied to the radiation level
he part shall pass at a radiation level of 1,5 times the specification dosg to’be acceptd

ondition described in 5.7.6 (condition E) using the standard test{conditions (5.2 to §
vith the following additional requirements: a parameter delta design margin ar
vertest factor shall be applied as established through thg” characterization teq

.
§
t
Test using an accelerated test method. Irradiate each test device wjth, the accelerated
q
\
q
described in 5.14.3.

4 minimum, the report shall include the device typeé number, serial number, the nam
Eanufacturer, package type, controlling specification, date code, and any other identif
ers given by the manufacturer.

urement system for in-flux testing*shall be reported using drawings or diagram

Blectrical measurements, the duration of the electrical measurements and the time tdg

lation “\data. Any anomalous incidents during the test shall be fully documented

din

din
ving

i.e.
ble.

test
A1)
d/or
ting

e of
ying

ical
5 as

 data sheet shall include-the test date, the radiation source used, the bias condifions

and

the
test

rent
and
ther
vice

Summary

The following details shall be specified in the relevant specification:

a)
b)
c)
d)

e)

device-type number(s), quantity, and governing specifications (see 5.2);

radiation dosimetry requirements (see 5.4);

radiation test levels including dose and dose rate (see 5.6 and 5.7);

irradiation, electrical test and transport temperatures if other than as specified in 5.8;

test methodology used if not maintaining cryogenic temperature as specified in 5.8;
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f)

g)
h)

i)
)

n)

electrical parameters to be measured and device operating conditions during
measurement (see 5.9);

test conditions, for example in-flux or non in-flux type tests (see 5.10);

bias, loading and internal dose-pattern conditions for devices during irradiation (see
5.10.4);

time intervals of the post-irradiation measurements (see 5.11);

requirements for extended room temperature annealing test, if required (see 5.12);
requirements for accelerated annealing test, if required (see 5.13);
reguirementsfortestfor ELDRS -if required{see-5-14);

equirements for ELDRS testing, if required (see 5.14.4);

documentation required to be delivered with devices (see 5.15).



https://iecnorm.com/api/?name=b0f8816b510efca868483b0a731a84a8

- 20 - IEC 60749-18:2019 RLV © IEC 2019

SELECT DOSE RATE
See 5.7

v

IRRADIATE TO SPECIFIED DOSE
See 5.10

v

PERFORM SPECIFIED ELECTRICAL TESTS

See 5.9
¢ FAIL

DETERMINE IF EXTENDED ROOM

TEMPERATURE ANNEAC TEST
IS REQUIRED

PASS See 5.12.2

v

PERFORM SPECIFIED

ELECTRICAL TESTS L > FAIL
See 5.9
PASS
NO DETERMINE IF ACCELERATED
PASS €+—— ANNEALING TEST IS REQUIRED
See 5.13.2

¢ YES

DETERMINE IF 0,5 x OVERTEST
IS REQUIRED

See 5.13.3, itemma)2)

¢ YES

NO IRRADIATE AN ADDITIONAL
0,5 x SPECIFIED DOSE
See 5.13.3, item a)

v v
PERFORM ONE OF THREE ACCELERATED
ANNEALING PROCEDURES
See 5.13.3, Item b)

v

PERFORM SPECIFIED ELECTRICAL TESTS
PASS <«— — FAIL

See 5.9

IEC

Figure 1 — Flow diagram for ionizing radiation test procedure for MOS
and digital bipolar devices
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DETERMINE THE NEED FOR ELDRS TESTING
See 5.14

NO

PERFORM STANDARD TEST
PASS <— (5.7.2 Condition A) — FAIL
YES See 5.2-5.11

l ' l

TEST AT THE INTENDED ACCELERATED ELDRS TEST
APPLICATION DOSE RATE PERFORM LOW DOSE RATE
5.74 TEST descrided in 5.7.6, Cofdition E
Condition C descrided in 5.7.5, Condition D
) Test conditions,in@cctordance
l l Dose rate < 0,1 mGy (Si)/s with characterization testing as
described,in’5.14.3 including
PASS FAIL Dose = 1,5 spec overtestfactors and parameter
delta*design margins

l l : :

PASS FAIL PASS FAIL ECc

Figure 2 — Flow diagram for ionizing radjation test procedure for bipolar
(or BiCMOS) linear or mixed-signal devices
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 18: lonizing radiation (total dose)
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardizatiorncomp
| national electrotechnical committees (IEC National Committees). The object of IEG ‘is) to prg

echnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftef)referred to as
Lblication(s)”). Their preparation is entrusted to technical committees; any IEC National"Committee inter
the subject dealt with may participate in this preparatory work. Internationaly” governmental and
bvernmental organizations liaising with the IEC also participate in this preparatien. IEC collaborates cl
th the International Organization for Standardization (ISO) in accordance\ with conditions determing
jreement between the two organizations.

he formal decisions or agreements of IEC on technical matters express,(as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical£ommittee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for interpational use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are jmade to ensure that the technical content o
Lblications is accurate, IEC cannot be held responsibleyfor the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
hnsparently to the maximum extent possible intheir national and regional publications. Any diverd
btween any |IEC Publication and the correspondimg national or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation cof ‘conformity. Independent certification bodies provide confg
Esessment services and, in some areas,\access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure that they haye the latest edition of this publication.
p liability shall attach to IEC.of\its directors, employees, servants or agents including individual expert
her damage of any nature, whatsoever, whether direct or indirect, or for costs (including legal fees

penses arising out of.the publication, use of, or reliance upon, this IEC Publication or any othe
Liblications.

tention is drawn to.the Normative references cited in this publication. Use of the referenced publicatig
dispensable for thé correct application of this publication.

tention is-drawn to the possibility that some of the elements of this IEC Publication may be the subjg
htent rights. /EC shall not be held responsible for identifying any or all such patent rights.

national Standard IEC 60749-18 has been prepared by IEC technical committee
icanductor devices.

ising
mote

ternational co-operation on all questions concerning standardization in the electrical and electronic fields. To
is end and in addition to other activities, IEC publishes International Standards, Technical Specificati

psted
non-
psely
d by

ional
m all

ional
f IEC
any

tions
ence
ed in

rmity
r any

and

embers of its technical committees and IEC National Committees for any personal injury, property damage or

and
IEC

ns is

ct of

47:

This second edition cancels and replaces the first edition published in 2002. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

editi

on:

a) updates to subclauses to better align the test method with MIL-STD 883J, method 1019,

ncluding the use of enhanced low dose rate sensitivity (ELDRS) testing;

b) addition of a Bibliography, which includes ASTM standards relevant to this test method.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
47/2539/FDIS 47/2554/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A ligt of all parts in the IEC 60749 series, published under the general titte Semicondyctor
devices — Mechanical and climatic test methods, can be found on the IEC website.

The|committee has decided that the contents of this document will remain unchanged unti| the
stabjility date indicated on the IEC website under "http://webstore.iec.ch" in the data relatgd to
the $pecific document. At this date, the document will be
e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 18: lonizing radiation (total dose)

Scope

part of IEC 60749 provides a test procedure for defining requirements for -igs

packaged semiconductor integrated circuits and discrete semiconductor devices forieni

radi
radi

The

a)
b)
c)
d)

The

tion (total dose) effects from a cobalt-60 (60Co) gamma ray source. Other suit
tion sources can be used.

e are four tests presented in this procedure:

standard room temperature irradiation test;
n irradiation at elevated temperature/cryogenic temperature test;
n accelerated annealing test;

n enhanced low dose rate sensitivity (ELDRS) test.

accelerated annealing test estimates how dose rate ionizing radiation effects on deV

is important for low dose rate or certain other applications in which devices can ex

signjficant time-dependent effects. The ELDRS test determines if devices with bipolar li
components exhibit sensitivity to enhanced radjation-induced damage at low dose rates.
This| document addresses only steady-state Nrradiations, and is not applicable to pulse
irradiations.

It is intended for military- and aerospace-related applications.

This| document can producessevere degradation of the electrical properties of irradi
devices and thus is considered a destructive test.

The

3

Normative references

e are no parmative references in this document.

Terms and definitions

ting
zing
able

ices
hibit
hear

type

ated

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

3.1

EC Electropedia: available at http://www.electropedia.org/
SO Online browsing platform: available at http://www.iso.org/obp

ionizing radiation effects, pl
changes in the electrical parameters of a device or integrated circuit resulting from radiation-

indu

Note

ced charge

1 to entry: These are also referred to as total dose effects.
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ux test

electrical measurements made on devices during irradiation exposure

3.3

internal dose pattern
logic condition of all elements within a logic circuit during radiation exposure

3.4
non
elec

in-flux test

3.5

rem
elec
loca

3.6

time
TDE
sign

rical measturements made on-devices at anv time other than durina irradiation
Y g

pte test

frical measurements made on devices that are physically removed from, the radid
fion

-dependent effect

ficant degradation in electrical parameters caused by the growth or annealing, or bot

radiation-induced trapped charge after irradiation

Note

Note

3.7

1 to entry: Similar effects also take place during irradiation.

2 to entry: This note applies to the French language only.

accelerated annealing test

prog

3.8
enh
EL
part

Note

3.9

ove
fact
sam

Note

3.10

edure utilizing elevated temperature to.accelerate time-dependent effects

nced low dose rate sensitivity
RS
that shows enhanced radiatioen-induced damage at dose rates below 0,5 Gy(Si)/s

1 to entry: This note applies-to the French language only.

test
r that is applied to the specification dose to determine the test dose level that
les havedo pass to be acceptable at the specification level

1 to entry: An overtest factor of 1,5 means that the parts should be tested at 1,5 times the specification

tion

the

dose.

parameter delta design margin
PDDM
design margin that is applied to the radiation-induced change in an electrical parameter

Note

1 to entry: For a PDDM of 2 the change in a parameter at a specified dose from the pre-irradiation value is
multiplied by two and added to the pre-irradiation value to see if the sample exceeds the post-irradiation parameter
limit. For example, if the pre-irradiation value of base current /, is 30 nA and the post-irradiation value at 200 Gy(Si)
is 70 nA (change in I, is 40 nA), then for a PDDM of 2 the post-irradiation value would be 110 nA
(30 nA + 2 x 40 nA). If the allowable post-irradiation limit is 100 nA, the part would fail.
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4 Test apparatus

4.1 Choice of apparatus

The apparatus shall consist of the radiation source, electrical test instrumentation, test circuit
board(s), cabling, 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 low
noise characteristics.

4.2 Radiation source

The|radiation source used in the test shall be the uniform field of a 80Co gamma_ray soyrce.
Unifprmity of the radiation field in the volume where devices are irradiated shall pewithin £10 %
as measured by the dosimetry system, unless otherwise specified. The intensityof the gafhma
ray field of the 80Co source shall be known with an uncertainty of no more' than +5 %. Field
uniformity and intensity can be affected by changes in the location of the device with respect
to the radiation source and the presence of radiation absorption and scattering materials.

4.3 | Dosimetry system

An pppropriate dosimetry system shall be provided thatdis,“capable of carrying out| the
meajsurements called for in 5.3 (see Bibliography).

4.4 Electrical test instruments

All ipnstrumentation used for electrical measurements shall have the stability, accuracy,|and
resolution required for accurate measurement of the electrical parameters. |Any
instqumentation required to operate in a radiation environment shall be appropriately shielded.

4.5 | Test circuit board(s)

Devices to be irradiated shall either be mounted on or connected to circuit boards toggther
with] any associated circuitry necessary for device biasing during irradiation or for in|situ
measurements. Unless otheérwise specified, all device input terminals and any others
whigh can affect the radiation response shall be electrically connected during irradiation,
i.e. pot left floating.

The|geometry and materials of the completed board shall allow uniform irradiation of| the
devices under .test. Good design and construction practices shall be used to preyent
osci|lations, minimize leakage currents, prevent electrical damage and obtain accyrate
meajsurements. Only sockets that are radiation resistant and do not exhibit significant
leakpges-(relative to the devices under test) shall be used to mount devices and associpted
circyitry to the test board(s).

All 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
uniformity of the radiation field intensity on the devices under test.

Leakage current shall be measured outside the field of radiation. 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 leakage current between any two terminals shall not exceed 10 % of the
lowest current limit value in the pre-irradiation device specification.
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Test circuit boards used to bias devices during accelerated annealing shall be capable of
withstanding the temperature requirements of the accelerated annealing test and shall be
checked before and after testing for physical and electrical degradation.

4.6 Cabling

Cables connecting the test circuit boards in the radiation field to the test instrumentation shall
be as short as possible. If long cables are necessary, line drivers can be required. The cables
shall have low capacitance and low leakage to ground, and low leakage between wires.

4.7 __Interconnect or switching system

This| system shall be located outside the radiation environment location, and provides| the
intefface between the test instrumentation and the devices under test. It is part of\the eptire
testsystem and subject to the limitation specified in 4.5 for leakage between terminals.

4.8 Environmental chamber

Thelenvironmental chamber for time-dependent effects testing, if requifed, shall be capable of
maintaining the selected accelerated annealing temperature within £5 °C.

4.9 | Irradiation temperature chamber

Thelirradiation temperature chamber, if required for elevated temperature irradiation shpuld
be capable of maintaining a circuit under test at 100 °C-+'5 °C while it is being irradiated.|The
chamber should be capable of raising the temperature of the circuit under test from rpom
temperature to the irradiation temperature within @ réasonable time prior to irradiation|and
cooljng the circuit under test from the irradiation temperature to room temperature in less than
20 min following irradiation. The irradiation bias’shall be maintained during the heating|and
cooljng. The method for raising, maintaining.and lowering the temperature of the circuit upder
test|can be by conduction through a heat sink using heating and cooling fluids, by convegtion
using forced hot and cool air, or other* means that will achieve the proper results.|For
cryogenic temperature irradiations, the’chamber should be capable of maintaining the |test
device/unit at the required cryogenic temperature within +5 °C (e.g., liquid helium or liguid
nitrggen) while it is being irradiated. The chamber should be capable of maintaining| the
cryogenic temperature of the test device/unit during post-irradiation electrical testing.

5 Procedure

5.1 Test plan

The|test devieces shall be irradiated and subjected to accelerated annealing testing (if reqyired
for fime-dependent effects testing) as specified by a test plan. This plan shall specify] the
device description, irradiation conditions, device bias conditions, dosimetry system, operating
conditions, measurement parameters and conditions and accelerated annealing [test
conditiors (if lcquilcu').

5.2 Sample selection and handling

Only devices that have passed the electrical specifications as defined in the test plan shall be
submitted to radiation testing. Unless otherwise specified, the test samples shall be randomly
selected from the parent population and identically packaged. Each part shall be individually
identifiable to enable pre- and post-irradiation comparison. For device types that are
electrostatic discharge (ESD)-sensitive, proper handling techniques shall be used to prevent
damage to the devices.
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5.3 Burn-in

For some devices, there are differences in the total dose radiation response before and after
burn-in. Unless it has been shown by prior characterization or by design that burn-in has a
negligible effect (parameters remain within post-irradiation specified electrical limits) on the
total dose radiation response, then one of the following functions shall take place:

a) the manufacturer shall subject the radiation samples to the specified burn-in conditions
prior to conducting total dose radiation testing; or

b) the manufacturer shall develop a correction factor, (which is acceptable to the parties to

the test) taking into account the changes in total dose response resulting from subjecting
he product to burn-in. The correction factor shall then be used to accept the product for
otal dose response without subjecting the test samples to burn-in.

5.4 | Dosimetry measurements

The|radiation field intensity at the location of the device under test shall befdetermined prior
to tgsting by dosimetry or by source decay correction calculations, as appropriate, to engure
conformance to the test level and uniformity requirements.

The|dose applied to the device under test shall be determined in ong, of two ways:

b) by correcting a previous dosimetry value for the decay-of the 60Co source intensily in
he intervening time. Appropriate correction shall be miade to convert from the measpred

br calculated dose in the dosimeter material to the-dose in the device under test.

a) iy measurement during the irradiation with an appropriate dosimeter; or

5.5 | Lead/aluminium (Pb/Al) container

Tes{ specimens shall be enclosed in a Pb/Al gontainer to minimize dose enhancement effects
cauged by low-energy scattered radiation..A’'minimum of 1,5 mm of lead (Pb), surroundinf an
innef shield of at least 0,7 mm aluminium (Al) is required. This Pb/Al container produceg an
appriloximate charged particle equilibfium for Si and for thermoluminescence dosimelries
(TLDs) such as CaF2. The radiation field intensity shall be measured inside the Hb/Al
container (1) initially, (2) whenxthe source is changed, or (3) when the orientatioh or
configuration of the source, container or test-fixture is changed. This measurement shall be
perfpormed by placing a dosimeter (e.g. a TLD) in the device-irradiation container at| the
appiloximate test-device position. If it can be demonstrated that low energy scattered radigtion
is small enough that it Will not cause dosimetry errors due to dose enhancement, the Hb/Al
container may be omitted.

5.6 | Radiation:-level(s)

The|test devices shall be irradiated to the dose level(s) specified in the test plan within £1D %.
If multiple irradiations are required for a set of test devices, then the post-irradiation electrical
pargmeéter measurements shall be performed after each irradiation.

5.7 Radiation dose rate
5.7.1 Radiation dose rate determination

The radiation dose rate for bipolar and BiCMOS linear or mixed-signal parts used in
applications where the maximum dose rate is below 0,5 Gy(Si)/s shall be determined as
described in 5.14. Parts used in low dose rate applications, unless they have been
demonstrated to not exhibit an ELDRS response shall use condition C, condition D, or
condition E.

A flow diagram for ionizing test procedures for MOS and digital bipolar devices is shown in
Figure 1. A flow diagram for ionizing radiation test procedure for bipolar
(or BiCMOS) linear or mixed-signal devices is shown in Figure 2.
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NOTE Devices that contain both MOS and bipolar devices can require qualification to multiple subconditions to
ensure that both ELDRS and traditional MOS effects are evaluated.

5.7.2 Condition A

For condition A (standard condition), the dose rate shall be between 0,5 Gy(Si)/s and
3 Gy(Si)/s for integrated circuits and between 0,5 Gy(Si)/s and 20 Gy(Si)/s for discrete
semi-conductor devices. The dose rates may be different for each radiation dose level in
a series; however, the dose rate shall not vary by more than £10 % during each irradiation.

5.7.3 Condition B

For pondition B, for MOS devices only, if the maximum dose rate is less than 0,5 Gy(Si)[s in
the |[ntended application, the parties to the test can agree to perform the test at a_ dose |rate
gregter than or equal to the maximum dose rate of the intended application. Unless| the
exclisions in 5.13.2 b) are met, the accelerated annealing test of 5.13.3 shall berperformed.

o

5.7.4 Condition C

For pondition C, (as an alternative) the test may be performed at the dose rate of the intennded
appliication if this is agreed to by the parties to the test. Where the final user is not known| the
test|conditions and results shall be made available in the test report’with each purchase grder.

5.7.% Condition D

For pondition D, for bipolar or BICMOS linear or mixed+<sighal devices only, the parts shall be
irradiated at less than or equal to 0,1 mGy(Si)/s.

5.7.6 Condition E

For pondition E, for bipolar or BICMOS linear-or mixed-signal devices only, the parts shall be
irradiated with the accelerated test conditions determined by characterization testing as
dischissed in 5.14.3. The accelerated test*may include irradiation at an elevated temperature.

5.8 | Temperature requirements
5.8. Room temperature‘radiation

Singe radiation effects are temperature dependent, devices under test shall be irradiated ih an
ambjient temperature~ef.24 °C + 6 °C as measured at a point in the test chamber in close
proximity to the test,fixture. The electrical measurements shall be performed in an ambient
tem;Lerature of 24°C = 6 °C. If devices are transported to and from a remote electrical
meajsurementSite, the temperature of the test devices shall not be allowed to increas¢ by
more than 10 ¥C from the irradiation environment. If any other temperature range is requfred,
it shall besspecified.

Cautiog- ; ; . - be
significant, especially for the extended times allowed for the time between irradiations at low
dose rate (condition D). It is important to ensure that the temperature of the parts is
maintained within the above stated requirements to minimize annealing.

5.8.2 Elevated temperature irradiation

For bipolar or BiCMOS linear or mixed-signal devices irradiated using the condition E
elevated temperature irradiation test, devices under test shall be irradiated in an ambient
temperature determined by characterization testing (see 5.14.3) as measured at a point in the
test chamber in close proximity to the test fixture (see 4.8 for details on raising and lowering
the irradiation temperature).
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5.8.3 Cryogenic temperature irradiation

For test devices/units operated in cryogenic temperature applications, the devices/units shall
be irradiated at cryogenic temperature (see 4.8) and maintained at cryogenic temperature for
post exposure characterization testing (see 5.11). The test device/units shall remain at
cryogenic temperature throughout all irradiations and characterization testing until the final
total dose exposure and characterization have been completed.

5.9 Electrical performance measurements

The electrical parameters to be measured and functional tests to be performed shall be
spedified in the test plan. AS a check on the validity of the measurement system and pre-]Jand
posttirradiation data, at least one control sample shall be measured using the qperating
conditions provided in the governing device specifications. For automatic test equipment,
therg is no restriction on the test sequence provided that the rise in the device jungtion
temperature is minimized. For manual measurements, the sequence —of parameter
meajsurements shall be chosen to allow the shortest possible measurement period. When a
serigs of measurements is made, the tests shall be arranged so that'tthe lowest power
diss|pation in the device occurs in the earliest measurements and the" power dissipgtion
increases with subsequent measurements in the sequence.

The| pre- and post-irradiation electrical measurements shall-be’ carried out on the spme
measurement system and the same sequence of measurements’/shall be maintained for ¢ach
serigs of electrical measurements of devices in a test samplé. Pulse-type measuremenis of
elecfrical parameters should be used as appropriate taminimize heating and subseqpent
anngaling effects. Devices which will be subjected to‘the accelerated annealing testing [see
5.13) may be given a pre-irradiation burn-in to elimjnate burn-in related failures.

5.100 Test conditions
5.10.1 Choice of test conditions

Theluse of in-flux or non in-flux testing‘shall be specified in the test plan. (This can depend on
the intended application for which thé*data are being obtained.) The use of in-flux testing|can
help|to avoid variations introduced.by post-irradiation time-dependent effects. However, efrors
can |occur for the situation where a device is irradiated in-flux with static bias, but wherg the
electrical testing conditions~require the use of dynamic bias for a significant fraction of| the
totall irradiation period. Non-in-flux testing generally allows for more comprehensive electrical
testing, but can be misleading if significant post-irradiation time-dependent effects occur.

5.10.2 In-flux testing

Each test device shall be checked for operation within specifications prior to being irradigted.
After the entire system is in place for the in-flux radiation test, it shall be checked for prpper
connegstions, leakage (see 4.5), and noise level. To ensure the proper operation|and
stabjlity’ of the test set-up, a control device with known parameter values shall be measuregd at

Sampe :‘::‘ a1 S, HA e e SALS 3R Y - FR-eaStferen R-a SAS < ‘: Out
either before the insertion of test devices or upon completion of the irradiation after removal
of the test devices or both.

5.10.3 Remote testing

Unless otherwise specified, the bias shall be removed and the device leads placed in
conductive foam (or similarly shorted) during transfer from the irradiation source to a remote
tester and back again for further irradiation. This minimizes post-irradiation time-dependent
effects.


https://iecnorm.com/api/?name=b0f8816b510efca868483b0a731a84a8

IEC 60749-18:2019 © |IEC 2019 -13 -

5.10.4 Bias and loading conditions

Bias conditions for test devices during irradiation or accelerated annealing shall be within
+10 % of those specified by the test plan. The bias applied to the test devices shall be
selected to produce the greatest radiation-induced damage or the worst-case damage for the
intended application, if known. The bias, loading and internal dose-pattern conditions shall
remain constant throughout a step-wise total ionizing dose exposure and anneal. If any of the
bias, loading or internal dose-pattern conditions are not at the worst-case condition, then a
justification for the conditions used shall be provided in the test plan and test report. While
maximum voltage is often worst case some bipolar linear device parameters (e.g. input bias
current or maxrmum output load current) exh|b|t more degradatlon with 0 V bias. The specified
bias | be
cheg¢ked immediately before and after irradiation. Care shall be taken in selecting the teading
such that the rise in the junction temperature is minimized.

5.11] Post-irradiation procedure
Unlgss otherwise specified, the following time intervals shall be observed:

a) The time from the end of an irradiation to the start of electrical measurements shall be a
aximum of 1 h for condition A. For conditions B, C, D and E, the time from the end qf an
irradiation to the start of electrical measurements may be equalto 10 % of the incremental
irradiation time up to (but not exceeding) 72 h if this time is greater than 1 h, otherwige it
hall be a maximum of 1 h. As an option for remote electfical testing, for conditions A, B,
, D and E, parts may be packed in dry ice until the start of electrical testing, but only if
acked within 15 min after the completion of irradiation. While in dry ice, the part lgeads
hall be shorted, the parts shall be verifiably maintained at a maximum temperature of
60 °C, and the time from completion of irradiation until the start of electrical testing may
ot exceed 72 h. The electrical testing shall~be conducted after the parts have bheen
estored to room temperature but within 30\min after the parts are removed from thg dry
ice. Electrical testing shall be as specified in 5.8.1. The times at room temperature|and
he times and temperature for the dry.ice procedure may be different if demonstrated py a
haracterization test as described.in5.11 c) below.

b) The time to perform the electrical measurements and to return the device f¢r a
subsequent irradiation, if anyi:;shall be within 2 h of the end of the prior irradiation for
ondition A. For conditions B;-C, D and E, the time to perform the electrical measuremgents
nd to return the device-far a subsequent irradiation, if any, may be equal to 20 % of the
I‘rcremental irradiation. time up to (but not exceeding) 120 h if this time is greater than|2 h,
therwise it shall heta maximum of 2 h. As an option for continued additional irradigtion
vhen parts are €léctrically tested at a remote location, for conditions A, B, C, D and E
parts may be packed in dry ice until the start of irradiation, but only if packed wijthin
5 min after.the completion of electrical testing. While in the dry ice, the part leads shall
be shorted/the parts shall be verifiably maintained at a maximum temperature of -6Q °C,
and theltime from completion of electrical testing until the start of irradiation may| not
¢xceed. 72 h. The radiation exposure shall begin after the parts have been restored to
oam temperature but within 30 m|n after the parts are removed from the dry ice.|The
e Imay

be dlfferent if demonstrated by a characterization test as described in 5.11 c¢) below.

c) If the dry ice test method is used, the characterization test shall be performed on
annealing at the particular technology node of study to demonstrate that the annealing will
be less than 10 % for all critical parameters compared to room temperature data taken
within 1 h after irradiation. Other times and temperatures than those listed in 5.11 a) and
5.11 b) may be considered as part of the characterization test. However, the time for
electrical measurements following irradiation shall not exceed 72 h and the time between
successive irradiations shall not exceed 120 h. For example, if the manufacturer’s cold
temperature specification limit is higher than -60 °C this higher temperature may be
allowed. For another example, if the parts show very little annealing at room temperature
following condition A irradiation, the 1-h and 2-h limits could be increased. For any
exceptions to the times and temperatures in 5.11 a) and 5.11 b) it shall be demonstrated
that the annealing under these different conditions is within 10 % for all critical parameters
compared to room temperature data taken within 1 h after irradiation, or the appropriate
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time limit for the irradiation test condition, if greater than 1 h. The characterization test
results shall be included with the test report as specified in 5.15.

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

5.12 Extended room temperature annealing test

5.12.1 Choice of annealing test

low
pom
ow
rate
the
to a
nge-
relajed parameters that may have exceeded their pre-irradiation specification to returp to
with|n specification. The procedure is known to lead to a higher rate ef-device acceptange in
cas@s:

a) where device failure when subjected to the tests in 5.2 ta™5.11 has been caused by the
buildup of trapped positive charge in relatively soft oxidesyand

b) \here this trapped positive charge anneals at a relatively high rate.
5.12.2 Need to perform an extended room temperature annealing test

The|following criteria shall be used to determine whether an extended room tempergture
annegaling test is appropriate.

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

b) The procedure is appropriate where only parametric failures (as opposed to functipnal
flailure) occur. The parties to the test shall take appropriate steps to determine |that
lhe device under test is subjeet to only parametric failure over the total ionizing dose

c) The procedure is apprapriate where the natural annealing response of the device upder
lest will serve to correct the out-of-specification of any parametric response. Further] the
procedure is known\to lead to a higher rate of device acceptance in cases where| the
¢xpected application irradiation dose rate is sufficiently low that ambient temperdture
annealing of the radiation-induced trapped positive charge can lead to a significant
improvement.of the device's behaviour. Cases where the expected application dose rafe is
lower thatX the test dose rate and lower than 0,001 Gy(Si)/s should be considgred
¢andidates for the application of this procedure. The parties to the test shall fake
appropriate steps to determine that the technology under test can provide the reqyired
annealing response over the total ionizing dose testing range.

5.12.3 Extended room temperature annealing test procedure

If the device fails the irradiation and testing specified in 5.2 to 5.11, an additional room
temperature annealing test may be performed as follows.

a) Following the irradiation and testing of 5.2 to 5.11, subject the device under test to a room
temperature anneal under worst-case static bias conditions. For information on worst case
bias see 5.10.4.

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.
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c)

d)

Where possible, the room temperature anneal should continue for a length of time great
enough to allow device parameters that have exceeded their pre-irradiation specification
to return to within specification or post-irradiation parametric limit (PIPL) as established by
the manufacturer. However, the time of the room temperature anneal shall not exceed #,:

where
Depa, is the total ionizing dose specification for the part, and

max IS the maximum dose rate for the intended use.

est the device under test for electrical performance as specified in 5.8 and <5:9. |f the
evice under test passes electrical performance tests following the extended rpom
temperature anneal, this shall be considered acceptable performance for a‘very low dose
te environment in spite of having previously failed the post-irradiation and-electrical fests
f5.2to5.11.

MOS accelerated annealing test

Choice of MOS accelerated annealing test

microcircuits in low dose rate environments. The procedure involves heating the dgvice

ing irradiation at specified temperature, time ,band bias conditions. An accelerpted

DES)
med
vice
din

5.1

.2 Need to perform acceleratedcannealing test

The| parties to the test shall take appropriate steps to determine whether accelerpted

anngaling testing is required. The.following criteria shall be used.

a) The tests called out in_5.13.3 shall be performed for any device or circuit type |that
ontains MOS circuit elements (e.g. transistors or capacitors).

b) TDE tests may be omitted if

c)

) circuits are known not to contain MOS elements by design, or
2) the ionizing dose in the application, if known, is below 50 Gy(Si), or

8) the lifetime of the device from the onset of the irradiation in the intended applicatign, if
known, is short compared with TDE times, or

4)\the test is 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 TDE changes in device parameters greater than experimental error (or
greater than an otherwise specified upper limit) and the variables that affect TDE
response are demonstrated to be under control for the specific vendor processes.

At a minimum, the characterization testing in item 5) shall include an assessment of
TDE on propagation delay, output drive, and minimum operating voltage parameters.
Continuing process control of variables affecting TDE can be demonstrated through lot
sample tests of the radiation hardness of MOS test structures.

This document provides no guidance on the need to perform accelerated annealing tests
on technologies that do not include MOS circuit elements.
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5.13.3 Accelerated annealing test procedure

If the device passes the tests of 5.2 to 5.11 or if it passes 5.12 (if that procedure is used) to
the total ionising dose level specified in the test plan or device specification or drawing and
the exclusions of 5.13.2 do not apply, the accelerated annealing test shall be conducted as
follows:

a) Overtest

1) Irradiate each test device to an additional 0,5 times the specified dose using the
standard test conditions (5.2 to 5.11). Note that no electrical testing is required at this
time.

2) The additional 0,5 times irradiation in 5.13.3, item a) 1) may be omitted if it has\hQeen
demonstrated via characterization testing that

— none of the circuit propagation delay, output drive, and minimum operating volfage
parameters recover toward their pre-irradiation value greater than, experimgntal
accelerated annealing test of 5.13.3 item b), and

— the irradiation biases chosen for irradiation 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 @hall at a minimum incjude
separate exposures under static and dynamic irradiation bias, each followedq by
worst-case static bias during accelerated annealing ac¢ording to 5.13.3, item b).

b) Accelerated annealing
Heat each device under worst-case static bias conditions in an environmental chamber
gccording to one of the following conditions:
) at100°C +£5°Cfor168 h+ 12 h, or
2) at an alternate temperature and time. that has been demonstrated via characterization
testing to cause equal or greater change in the parameter(s) of interest,| for
example propagation delay, output*drive, and minimum operating voltage, in each|test
device as that caused by 5.13.3,5item b) 1), or
) at an alternate temperatureland time which will cause trapped hole annealing of more
than 60 % and interface. state annealing of less than 10 % as determined| via
characterization testing.-of NMOS test transistors from the same process. It shall be
demonstrated that the radiation response of test transistors represents that of| the
device under test:
c) [Klectrical testing

B
Following thetacCelerated annealing, the electrical test measurements shall be performed
3s specifiedin'5.9 and 5.10.

5.14 Testprocedure for bipolar and BiCMOS linear or mixed signal devices with
intended application dose rates less than 0,5 Gy(Si)/s

5.14-+—NeedtoperformELDRStesting

Many bipolar linear parts exhibit ELDRS, which cannot be simulated with a room temperature
of 0,5 Gy(Si)/s to 3 Gy(Si)/s irradiation plus elevated temperature anneal, such as that used
for MOS parts (see ASTM F 1892 for more technical details). Parts that exhibit ELDRS shall
be tested either at the intended application dose rate, at a specified low dose rate to an
overtest radiation level, or with an accelerated test such as an elevated temperature
irradiation test that includes a parameter delta design margin (see the characterization test for
ELDRS parts, in 5.14.3). For part types that have not been characterized for ELDRS a
characterization test shall be performed to determine if the part types are ELDRS susceptible.
The ELDRS tests described in 5.14 may be omitted if:

a) devices are known not to contain bipolar transistors by design,

b) devices are known not to contain any linear circuit functions by design, or
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c) the device type and IC technology have been demonstrated via characterization testing
not to exhibit ELDRS (5.14.2) in device parameters greater than experimental error and
the variables that affect ELDRS response are demonstrated to be under control for the
specific vendor processes.

5.14.2 Determination of whether a part exhibits ELDRS
5.14.2.1 Characterization testing for ELDRS

If a part cannot be eliminated by the criteria in 5.14.1 and has not been characterized for
ELDRS then the part shall be subjected to a characterization test to determine whether it

S DR S stest sha g setsthe criteria
LDRS then an additional characterization test may be performed to establish| the

.2.2 Characterization test to determine whether a part exhibits ELDRS

ct a minimum random sample out of twenty devices from a population~representatije of
nt production runs. Smaller sample sizes may be used if agreed upon between the pafties
to the test. All of the selected devices shall have undergone appropriate_elevated tempergture
iability screens, for example burn-in and high temperature storage life. Divide the samples
into [four groups of five each and use the remaining part for a coftrol. Perform pre-irradiation
elecfrical characterization on all parts ensuring that they meet the Group A electrical tgsts.
Irradiate five samples under a 0-V bias and another five undér the irradiation bias given in the
acquisition specification at 0,5 Gy(Si)/s to 3 Gy(Si)/s and room temperature. Irradiate|five
samples under a 0-V bias and another five under the jrradiation bias given in the acquisjtion
spegification at < 0,1mGy (Si)/s and room temperatureyirradiate all samples to the same dose
levels, including 0,5 times and 1,0 times the anti€ipated specification dose, and repeaf the
electrical characterization on each part at each dose level. Post-irradiation electrical
measurements shall be performed in accordance with 5.11 where the low dose rate tept is
congidered condition D. Calculate the radiation-induced change in each electrical parameter
(4pafa) for each sample at each radiation, level. Calculate the ratio of the median 4,,., af low
dosg rate to the median 4., at high dose rate for each irradiation bias group at each fotal
dosg level. If this ratio exceeds 1,5 forany of the most sensitive parameters then the pqrt is
congidered to be ELDRS susceptible. This test does not apply to parameters which exhibit
changes that are within experimental error or whose values are below the pre-irradiation
electrical specification limits atllow dose rate at the specification dose.

5.14.3 Characterization of ELDRS parts to determine the irradiation conditions for
production or\lot acceptance testing

If the part type is .Known to exhibit ELDRS or has been shown to exhibit ELDRS by| the
characterization\tests in 5.14.2.2 then the production or lot acceptance testing may be
performed using the default low dose rate test at < 0,1mGy (Si)/s (condition D) of an
acceleratedstest (condition E). For the accelerated test a detailed characterization shall be
perfprmed) to establish the test parameters for the test. The accelerated test approach may
inclydeione of the following methods:

a) aroom temperature low dose rate irradiation at a dose rate greater than 0,1mGy (Si)/s;

b) an elevated temperature irradiation;

c) combinations of high dose rate tests and elevated temperature anneals;

d) switched dose rates;

e) some other form of accelerated testing (for guidance on characterization of ELDRS parts
see ASTM F 1892:2018, Appendix X2).

The characterization testing of the ELDRS parts shall demonstrate that the irradiation test
procedure for production or lot acceptance testing will bound the low dose rate response for
all critical electrical parameters at a dose rate of less than 0,1mGy (Si)/s using a combination
of overtest and/or parameter delta design margins. Hence the characterization testing shall
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ude irradiation at less than 0,1mGy (Si)/s, to the specification dose, as a baseline for

comparison.

5.14.4 Low dose rate or elevated temperature irradiation test for bipolar or BiCMOS

linear or mixed-signal devices

All devices that do not meet the exception of 5.14.1 shall be tested using one of the following
test conditions:

a)

b)

c)

5.1

As
the

numpers given by the manufacturer.

The|bias circuit, parameter measurement circujts,\the layout of the test apparatus with detztails
of dLstances and materials used, and electrical"noise and current leakage of the elec
mea

app

Test at the dose rate agreed to. Irradiate each test device at the dose rate described in
5.7.4 (condition C) using the standard test conditions (5.2 to 5.11).

est at a specified low dose rate. Irradiate each test device at the dose rate described in
.7.5 (condition D) using the standard test conditions (5.2 to 5.11) with the-folloying
dditional requirements: an overtest factor of 1,5 shall be applied to the radiationdevell| i.e.
the part shall pass at a radiation level of 1,5 times the specification dose to be acceptdble.

est using an accelerated test method. Irradiate each test device with the accelerated|test
ondition described in 5.7.6 (condition E) using the standard test conditions (5.2 to §.11)
ith the following additional requirements: a parameter delta design margin ard/or
vertest factor shall be applied as established through the, characterization testing
escribed in 5.14.3.

Test report

minimum, the report shall include the device type number, serial number, the name of
anufacturer, package type, controlling specification,'date code, and any other identifying

ical
urement system for in-flux testing shall be reported using drawings or diagrams$ as
fopriate.

Each data sheet shall include the test date, the radiation source used, the bias condifions

duri

ng irradiation, the ambientxtemperature around the devices during irradiation [and

electrical testing, the duration ofteach irradiation, the time between irradiation and the start of

the
nex
con

electrical measurements,\thie duration of the electrical measurements and the time tq the
fl irradiation when step‘-irradiations are used, the irradiation dose rate, electrical |test
ditions, dosimetry system and procedures, and the radiation test levels.

The|pre- and post-irradiation data shall be recorded for each part and retained with the pgrent

rep
radi
spe

6

pop{Iation dataswAny anomalous incidents during the test shall be fully documented |and

rted. The{accelerated annealing procedure, if used, shall be described. Any dther
tion test-procedures or test data required for the delivery shall be specified in the dgvice
gification, drawing or purchase order.

Summary

The following details shall be specified in the relevant specification:

a)
b)
c)
d)
e)
f)

device-type number(s), quantity, and governing specifications (see 5.2);

radiation dosimetry requirements (see 5.4);

radiation test levels including dose and dose rate (see 5.6 and 5.7);

irradiation, electrical test and transport temperatures if other than as specified in 5.8;
test methodology used if not maintaining cryogenic temperature as specified in 5.8;

electrical parameters to be measured and device operating conditions during
measurement (see 5.9);
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g)
h)
i)
)

test conditions, for example in-flux or non in-flux type tests (see 5.10);

bias, loading and internal dose-pattern conditions for devices during irradiation (see

5.10.4);

time intervals of the post-irradiation measurements (see 5.11);

requirements for extended room temperature annealing test, if required (see 5.12);

requirements for accelerated annealing test, if required (see 5.13);
requirements for test for ELDRS, if required (see 5.14);

requirements for ELDRS testing, if required (see 5.14.4);

gocumentation required to be delivered with devices (see 9.19).

SELECT DOSE RATE
See 5.7

v

IRRADIATE TO SPECIFIED DOSE
See 5.10

v

PERFORM SPECIFIED ELECTRICAL TESTS

PASS

See 5.9
‘L FAIL

IS REQUIRED
See 5.12.2

DETERMINE/IF EXTENDED ROOM
TEMPERATURE ANNEAL TEST

v

PERFORM SPECIFIED
ELECTRICAL TESTS

See 59

—» FAIL

PASS

NO
PASS €4—

DETERMINE IF ACCELERATED
ANNEALING TEST IS REQUIRED

See 5.13.2

i YES

DETERMINE IF 0,5 x OVERTEST
IS REQUIRED

See 5.13.3, item a)2)

¢ YES

NO IRRADIATE AN ADDITIONAL
0,5 x SPECIFIED DOSE

See 5.13.3, item a)

A v

PERFORM ONE OF THREE ACCELERATED
ANNEALING PROCEDURES
See 5.13.3, Item b)

v

PASS <—

PERFORM SPECIFIED ELECTRICAL TESTS
See 5.9

— FAIL

IEC

Figure 1 — Flow diagram for ionizing radiation test procedure for MOS

and digital bipolar devices
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DETERMINE THE NEED FOR ELDRS TESTING
See 5.14

NO

PERFORM STANDARD TEST
PASS <— (5.7.2 Condition A) — FAIL
YES See 5.2-5.11

l ' l

TEST AT THE INTENDED ACCELERATED ELDRS TEST
APPLICATION DOSE RATE PERFORM LOW DOSE RATE
5.74 TEST descrided in 5.7.6, Cofdition E
Condition C descrided in 5.7.5, Condition D
) Test conditions,in@cctordance
l l Dose rate < 0,1 mGy (Si)/s with characterization testing as
described,in/3.14.3 including
PASS FAIL Dose = 1,5 spec overtestfactors and parameter
delta*design margins

l l ' '

PASS FAIL PASS FAIL ECc

Figure 2 — Flow diagram for ionizing radiation test procedure for bipolar
(or BiCMOS) linear or mixed-signal devices
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

, DISPOSITIFS A SEMICONDUCTEURS -
METHODES D’ESSAIS MECANIQUES ET CLIMATIQUES -

Partie 18: Rayonnements ionisants (dose totale)

AVANT-PROPOS

h Commission Electrotechnique Internationale (IEC) est une organisation mondiale de. narmalig
mposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lECY)L’'IEC a
bjet de favoriser la coopération internationale pour toutes les questions de normalisation dans les dom
b |'électricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie des Nérmes internatio
bs Spécifications techniques, des Rapports techniques, des Spécifications accessiblesCau-public (PAS) ¢
uides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des comités d'études
trevaux desquels tout Comité national intéressé par le sujet traité peut padrtiCiper. Les organisg
internationales, gouvernementales et non gouvernementales, en liaison avec I'\EG;, “participent égalemen
travaux. L'IEC collabore étroitement avec |'Organisation Internationale de~Narmalisation (ISO), selon
copnditions fixées par accord entre les deux organisations.

Do Qoo

Les décisions ou accords officiels de I'l[EC concernant les questions technjques représentent, dans la m
dy possible, un accord international sur les sujets étudiés, étant dofiné que les Comités nationaux de
intéressés sont représentés dans chaque comité d’études.

Les Publications de 'lEC se présentent sous la forme de recommandations internationales et sont ag
cpmme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que
s'lassure de I'exactitude du contenu technique de ses publieations; I'lEC ne peut pas étre tenue responsab
I'¢ventuelle mauvaise utilisation ou interprétation qui en est'faite par un quelconque utilisateur final.

Dpns le but d'encourager I'uniformité internationale, les)Comités nationaux de I'l[EC s'engagent, dans to
mesure possible, a appliquer de fagon transparente es*Publications de I'lEC dans leurs publications natio
e{ régionales. Toutes divergences entre toutesRublications de I'lEC et toutes publications nationalg
rdgionales correspondantes doivent étre indiquées-‘'en termes clairs dans ces dernieres.

LIIEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépen
fdurnissent des services d'évaluation de\conformité et, dans certains secteurs, accédent aux marque
cpnformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifig
indépendants.

Tpus les utilisateurs doivent s'asslrer qu'ils sont en possession de la derniére édition de cette publication.

y|compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
ppur tout préjudice causé'en cas de dommages corporels et matériels, ou de tout autre dommage de qu
nature que ce soit, dirécte ou indirecte, ou pour supporter les colts (y compris les frais de justice) ¢
depenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute

Plblication de I'lEC,0u au crédit qui lui est accordé.

L

attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicg
rgférencées est obligatoire pour une application correcte de la présente publication.

Llattention—est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent
I'pbjet'de’ droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
de brevets et de ne pas avoir signalé leur existence.
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La Norme internationale IEC 60749-18 a été établie par le comité technique 47 de I'lEC:
Dispositifs a semiconducteurs.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2002. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) mises a jour apportées aux paragraphes afin de mieux aligner la méthode d’essai avec la

méthode 1 019 du document MIL-STD 883J, comprenant ['utilisation de [I'essai
sensibilité accrue au faible débit de dose (ELDRS);

de
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b) ajout d’'une bibliographie, comprenant les normes ASTM correspondant a la présente
meéthode d’essai.

Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
47/2539/FDIS 47/2554/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette Norme internationale.

Ce document a été rédigé selon les Directives ISO/IEC, Partie 2.

Unelliste de toutes les parties de la série IEC 60749, publiées sous le titre général Dispositifs
a semiconducteurs — Méthodes d’essais mécaniques et climatiques, peut étre~consultée spr le
site web de I'lEC.

Le qomité a décidé que le contenu de ce document ne sera pas madifié avant la dat¢ de
stabjlité indiquée sur le site web de I'lEC sous "http://webstore-iec.ch" dans les données
relafives au document recherché. A cette date, le document sera
e rneconduit,

e gupprimé,

e rnemplacé par une édition révisée, ou

e Jamendé.
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, DISPOSITIFS A SEMICONDUCTEURS -
METHODES D’ESSAIS MECANIQUES ET CLIMATIQUES -

Partie 18: Rayonnements ionisants (dose totale)

1 Domaine d’application

La présente partie de I'lEC 60749 présente une procédure d’essai permettant de défini
exigences pour soumettre a essai des circuits intégrés a semiconducteurs sous bojtieret
disppsitifs discrets a semiconducteurs, concernant les effets des rayonnements“ionis
(dosle totale) provenant d’une source de rayons gamma au cobalt-60 (69Co). D’autres sou
de rayonnements appropriées peuvent étre utilisées.

Quafre essais sont présentés dans cette procédure:

a) un essai d’irradiation a température ambiante normale;

b) Wun essai d’irradiation a température élevée/a température cryogeénique;
c) Un essai de recuit accéléré;

d) un essai de sensibilité accrue au faible débit de dose (ELDRS).

L’espai de recuit accéléré évalue I'importance des effets du débit de dose des rayonnemtrnts

ionigants sur les dispositifs pour les faibles débits\de dose, ou certaines autres applica
dang lesquelles les dispositifs peuvent présenterdes effets liés au temps qui sont signific|
L'espai ELDRS détermine si les dispositifs intégrant des dipdles linéaires présentent
sengibilité aux dommages accrus liés aux rayonnements, a de faibles débits de dose.

Le présent document ne concerne queé les irradiations continues et ne s’applique pas
irradiations pulsées.

Il est destiné aux applications des domaines militaire et aérospatial.
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Le présent document peut étre a l'origine d’'une dégradation importante des proprigtés

électriques des dispaositifs irradiés et est par conséquent considéré comme un essai destr]

2 Référencesnormatives

Le présent:document ne contient aucune référence normative.

uctif.

3 Termes et definitions

Pour les besoins du présent document, les termes et définitions suivants s’appliquent.

L’'ISO et I'IEC tiennent a jour des bases de données terminologiques destinées a étre utilisées

en normalisation, consultables aux adresses suivantes:

o |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1

effets des rayonnements ionisants, pl

variations des paramétres électriques d’un dispositif ou d’un circuit intégré a la suite d
charge induite par rayonnement

‘une
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Note 1 a I'article: Ces effets sont également désignés par I'’expression effets de dose totale.

3.2
essai en flux
mesures électriques réalisées sur les dispositifs au cours de leur exposition aux irradiations

3.3

distribution de dose interne

condition logique de tous les éléments au sein d’un circuit logique pendant I'exposition aux
rayonnements

3.4 l
essai hors flux
mespres électriques réalisées sur des dispositifs a tout moment autre que celui de lfradigtion

3.5
essai a distance
mesures électriques réalisées sur les dispositifs qui sont physiquement retirés| de
I'emplacement de rayonnement

3.6
effeg lié au temps
TDE
dégradation importante des paramétres électriques causée, par la croissance ou le recuif, ou
les deux, en raison de la charge absorbée induite par lgs rayonnements apres irradiation

Note |1 a l'article: Des effets similaires se manifestent également au cours de I'irradiation.

Note|2 a l'article: L’abréviation "TDE" est dérivée du terme anglais développé correspondant "time-dependent
effecy”.

3.7
essai de recuit accéléré
progédure utilisant une température élevée pour accélérer les effets liés au temps

5ibilité accrue au faible débit de dose

piece présentant dess.«dommages accrus dus aux rayonnements, a des débits de dose

Note |1 a l'article;~ L'abréviation "ELDRS" est dérivée du terme anglais développé correspondant "enhancedl low

3.9
essai augmenté
fact anpliq a_qose de 12 nécification in de détermine e _niveg de dose d’ Ssal

auquel les échantillons doivent satisfaire pour étre acceptés au niveau de la spécification

Note 1 a I'article: Un facteur d’essai augmenté de 1,5 signifie qu’il convient que les piéces soient soumises a
essai a 1,5 fois la dose de la spécification.

3.10

marge de conception pour la variation des paramétres

PDDM

marge de conception appliqguée a la variation d'un parameétre électrique, résultant des
rayonnements

Note 1 a I'article: Pour une PDDM de 2, la variation d’un paramétre par rapport a la valeur avant irradiation, a une
dose spécifiée, est multipliée par deux et ajoutée a la valeur avant irradiation, afin de déterminer si I’échantillon
dépasse la limite du paramétre aprés irradiation. Par exemple, si la valeur avant irradiation du courant de base, I,
est de 30 nA et que la valeur aprés irradiation a 200 Gy(Si) est de 70 nA (soit une variation de 7, de 40 nA), alors,
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pour une PDDM de 2, la valeur aprés irradiation est de 110 nA (30 nA + 2 x 40 nA). Si la limite autorisée aprés
irradiation est de 100 nA, la piece est considérée comme ayant échoué a I’essai.

Note 2 a I'article: L’abréviation «PDDM» est dérivée du terme anglais développé correspondant "Parameter Delta
Design Margin".

4 Appareillage d’essai

4.1 Choix de appareillage

L’ apparelllage d0|t se composer d’une source de rayonnements d apparells de mesure pour
arte
d’inferconnexion ou d un systeme de commutation, d’un systeme de mesure de d05|m=-tr|e
appfoprié et d’'une enceinte climatique (si cela est exigé pour les mesures des effets.liés au
temps). Des précautions adéquates doivent étre observées pour obtenir un systemg de
mespure électrique présentant une isolation suffisante, un blindage étendu, une_mise a la ferre
satigfaisante et des caractéristiques de faible bruit adaptées.

4.2 | Source de rayonnements

La source de rayonnements utilisée dans I'essai doit étre le champluniforme d’'une sourcg de
rayons gamma 99Co. Sauf spécification contraire, I'uniformité du €Ramp de rayonnement dans
le vplume ou les dispositifs sont irradiés doit étre dans les limites de +10 % comme mepuré
par Je systétme dosimétrique. L’intensité du champ de rayon$ gamma de la source de $0°Co
doit |étre connue avec une incertitude inférieure ou égale &5 %. L'uniformité et I'intensitg du
champ peuvent étre affectées par des variations d’emplacement du dispositif par rapport|a la
sourice de rayonnements et la présence de matériaux d’absorption et de diffusion de
rayonnement.

4.3 | Systéme dosimétrique

Un gystéme dosimétrique approprié doit_étre fourni, qui est capable de réaliser les mespres
demfandées en 5.3 (voir la Bibliographie);

4.4 | Appareils de mesure pouressais électriques

Tous$ les appareils de mesure utilisés pour les mesures électriques doivent avoir la stabjlité,
la précision et la résolution/exigées pour une mesure précise des paramétres électrigues.
Tou{ appareil de mesure _dont il est exigé qu’il fonctionne dans un environnement sounjis a
des rayonnements doit\€tre muni d’'un blindage approprié.

4.5 | Carte(s) de circuit d’essai

Les |[dispositifs a irradier doivent étre soit montés sur, soit connectés a, des cartes de cifcuit
aveg toutes les connexions associées nécessaires a la polarisation des dispositifs au cpurs
de llirradiation ou a des mesures in situ. Sauf spécification contraire, toutes les bro¢hes
d’entrée du dispositif et toute autre broche pouvant affecter 1a réponse aux rayonnemients
doivent étre électriguement connectées pendant l'irradiation, c’est-a-dire, ne pas étre laissées
flottantes.

La disposition et les matériaux de la carte terminée doivent permettre une irradiation uniforme
des dispositifs soumis a essai. De bonnes pratiques de conception et de construction doivent
étre utilisées pour empécher les oscillations, réduire le plus possible les courants de fuite,
empécher les dommages électriques et obtenir des mesures précises. Seuls les supports qui
résistent aux rayonnements et ne présentent pas de fuites importantes (par rapport aux
dispositifs soumis a essai) doivent étre utilisés pour le montage des dispositifs et des
connexions associées sur la ou les cartes d’essai.

Tous les appareillages utilisés de maniére répétée dans les champs de rayonnement doivent
étre vérifiés périodiquement pour identifier une dégradation physique ou électrique. Les
composants qui sont placés sur la carte de circuit d’essai, autres que les dispositifs soumis a
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essai, ne doivent pas étre sensibles aux rayonnements accumulés ou ils doivent étre blindés
contre ces rayonnements. Les fixations d’essai doivent étre réalisées dans des matériaux qui
ne perturbent pas l'uniformité de l'intensité du champ de rayonnement sur les dispositifs
soumis a essai.

Le courant de fuite doit étre mesuré a I'extérieur du champ de rayonnement. Aucun dispositif
n’'étant installé dans les supports, la carte de circuit d’essai doit étre connectée au systeme
d’essai de telle maniére que toutes les sources de bruit et d’interférence attendues soient
opérationnelles. La polarisation maximale spécifiée pour le dispositif soumis a essai étant
appliquée, le courant de fuite entre deux broches quelconques ne doit pas dépasser 10 % de
la valeur limite de courant la plus faible de la spécification du dispositif avant irradiation.

Les |cartes de circuit d’essai utilisées pour la polarisation des dispositifs au cours~du- recuit
accéléré doivent étre capables de résister aux exigences de température de I'essairde rgcuit
accéléré et leur dégradation physique et électrique doit étre vérifiée avant et aprés-les esgais.

4.6 | Cablage

Les|cables qui relient les cartes de circuit d’essai dans le champ“de rayonnement|aux
appdreils de mesure doivent étre aussi courts que possible. Si des.Cables de grande longlieur
sonfl nécessaires, des excitateurs de ligne peuvent étre exigés(Les cables doivent étr¢ de
faible capacité et avoir une faible perte a la terre et une faible fuite entre fils.

4.7 | Interconnexion ou systéme de commutation

Ce gystéme doit étre situé hors de I'emplacement_de)tenvironnement de rayonnement |et il
congtitue l'interface entre les appareils de mesure’ et les dispositifs soumis a essai. I fait
partle du systéme d’essai complet et il est soumisia la limitation spécifiée en 4.5 pour la fuite
entre les broches.

4.8 | Enceinte climatique
L’enceinte climatique pour les essais ‘concernant les effets liés au temps doit, si celg est
exigp, étre capable de maintenir la.température de recuit accéléré choisie dans les limiteg de
5 °[C.

4.9 | Enceinte climatique d’irradiation

Il cqnvient que l'enceinte climatique d’irradiation, si elle est exigée pour une irradiation a
température élevée, soit capable de maintenir un circuit soumis a essai a une températurg de
100°C £ 5 °C, penhdant la durée de l'irradiation. Il convient que I'enceinte soit capable de faire
pasger la température du circuit soumis a essai de la température ambiante a la tempérdture
d’irrgdiation‘dans un délai raisonnable, avant I'irradiation, puis de refroidir le circuit soumis a
essdi pour\e faire passer de la température d’irradiation a la température ambiante en mjoins
de 404min’a la suite de I|rrad|at|on La polarlsatlon d irradiation doit etre malntenue pendant
[enir
et d’abaisser la temperature du circuit soumis a essai peut étre une méthode par conduction,

par le biais d’'un dissipateur thermique utilisant des fluides de chauffage et de refroidissement,
ou bien une méthode par convection, par le biais de flux d’air chaud et d’air froid pulsés, ou
bien un autre moyen permettant d’obtenir les résultats appropriés. Pour les irradiations a
température cryogénique, il convient que I’enceinte soit capable de maintenir l'unité/le
dispositif soumis a essai a la température cryogénique exigée 15 °C (par exemple la
température de I’hélium liquide ou de I'azote liquide) au cours de l'irradiation. Il convient que
I’enceinte soit capable de maintenir la température cryogénique de 'unité/du dispositif soumis
a essai pendant les essais électriques post-irradiation.
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5 Procédure

5.1 Plan d’essai

Les dispositifs d’essai doivent étre irradiés et soumis a I’essai de recuit accéléré (si cela est
exigé pour les essais des effets liés au temps) comme spécifié dans un plan d’essai. Ce plan
doit spécifier la description du dispositif, les conditions d’irradiation, les conditions de
polarisation du dispositif, le systéme dosimétrique, les conditions de fonctionnement, les
parameétres et les conditions de mesure, et les conditions de I'essai de recuit accéléré (si cela
est exigé).

5.2 | Choix et manipulation de I’échantillon

Seuls les dispositifs qui ont passé avec succés les spécifications électriques_telles [que
définies dans le plan d’essai doivent étre soumis aux essais de rayonnements. Pauf
spégification contraire, les échantillons d’essai doivent étre choisis de maniere aléatoire dans
la pppulation apparentée et étre mis sous boitier de maniére identique. .Chaque piéce|doit
étre|identifiable individuellement pour permettre une comparaison avant’et apres irradiation.
Pouf les types de dispositifs sensibles aux décharges électrostatiques” (ESD, ElectroStatic
Disgharge), des techniques de manipulation adaptées doivent étre utilisées pour épiter
d’endommager les dispositifs.

5.3 | Vieillissement artificiel a chaud

Pouf certains dispositifs, il existe des différences dans la‘réponse aux rayonnements en dose
totaalle avant et aprés le vieillissement artificiel a chaud. Sauf s’il a été démontré par|une

caralctérisation préalable ou par la conception que (@ vieillissement artificiel a chaud a un gffet
négligeable (les parametres restent dans les limites électriques spécifiées aprés irradiation)
sur |a réponse aux rayonnements en dose totale, 'une des opérations suivantes doit glors
étrelentreprise:

a) lie fabricant doit soumettre les échantillons destinés a étre exposés aux rayonnements|aux
onditions spécifiées de vieillissement artificiel a chaud avant de réaliser les essai$ de
ayonnements en dose totale; ou

b) le fabricant doit déterminer. un facteur de correction (acceptable pour les pafties
renantes a I'essai) prenant en compte les variations de la réponse en dose totale |a la
uite du vieillissement fartificiel a chaud du produit. Le facteur de correction doit enguite
tre utilisé pour accepter le produit pour une réponse en dose totale sans soumettrg les
chantillons d’essaicau vieillissement artificiel a chaud.

5.4 | Mesures dosimétriques

L'intensité duw€¢hamp de rayonnement a I'emplacement du dispositif soumis a essai doit|étre
déterminéeravant les essais par dosimétrie ou par des calculs de correction de la baisse de la
source, (suivant le cas, pour assurer la conformité au niveau d’essai et aux exigemnces
d’unfformité.

La dose appliquée au dispositif soumis a essai doit étre déterminée de l'une des deux
maniéres suivantes:

a) par mesure au cours de l'irradiation avec un dosimétre approprié; ou

b) en corrigeant une valeur dosimétrique antérieure pour la baisse de I'intensité de la source
de 9Co au cours du temps d’intervention. La correction appropriée doit étre faite pour
passer de la dose mesurée ou calculée dans le matériau du dosimeétre a la dose dans le
dispositif soumis a essai.
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5.5 Conteneur en plomb/aluminium (Pb/Al)

Les éprouvettes doivent étre placées a I'intérieur d’'un conteneur en Pb/Al pour réduire le plus
possible les effets accrus de la dose causés par les rayonnements diffusés a faible énergie.
Du plomb (Pb) d’une épaisseur minimale de 1,5 mm, entourant un écran intérieur en
aluminium (Al) d’'une épaisseur minimale de 0,7 mm, est exigé. Ce conteneur Pb/Al produit un
équilibre de particules chargées approximatif pour les Si et les dosimétres
thermoluminescents (TLD, ThermoLuminescence Dosimeter), comme ceux au CaF2.
L’'intensité du champ de rayonnement doit étre mesurée a l'intérieur du conteneur Pb/Al (1)
initialement, (2) lorsque la source est modifiée ou (3) lorsque I'orientation ou la configuration
de la source, du conteneur ou de la fixation d’essai est modifiée. Cette mesure doit étre
réalisge—enm ptagantum dosimetre (par exempte o TtD)ydans—tecomntermeur o mradiation du
disppsitif a la position approximative du dispositif soumis a essai. S’il peut étre démontré|que
des [rayonnements diffusés a faible énergie sont assez faibles pour ne pas causer)d‘€rreurs
de dosimétrie dues a un accroissement de la dose, le conteneur Pb/Al peut étre ignoreé.

5.6 | Niveau(x) de rayonnements

Les |dispositifs d’essai doivent étre irradiés au(x) niveau(x) de dose spécifié(s) dans le plan
d’espai dans les limites de +10 %. Si des irradiations multiples sont|exigées pour un jeu de
disppsitifs d’essai, alors les mesures de paramétres électriques aprés irradiation doivent|étre
réalisées pour chaque irradiation.

5.7 | Débit de dose de rayonnements
5.7. Détermination du débit de dose de rayonnements

Le débit de dose de rayonnements pour les circuitsinéaires bipolaires et les circuits linéaires
a sgmiconducteur métal oxyde complémentairesbipolaire (BiCMOS, Bipolar Complementary
Metal-Oxyde-Semiconductor) ou les circuits a signaux mixtes, utilisés dans les applicaj;ons

supposant un débit de dose maximal inférieur a 0,5 Gy(Si)/s, doit étre déterminé comme
indiqué en 5.14. Pour les piéces utilisées dans les applications a faible débit de dose, sauf s'il
a étg démontré qu’elles ne présentaient’pas de réponse ELDRS, la condition a utiliser|doit
étre|la condition C, la condition D ou-la*condition E.

Le schéma de principe des procédures de l'essai aux rayonnements ionisants pour| les
disppsitifs MOS et les dispositifs bipolaires numériques est représenté a la Figure 1] Le
schdma de principe de la procédure de I'essai aux rayonnements ionisants pour les dispositifs
linéaires bipolaires (ouBiCMOS) ou les dispositifs a signaux mixtes est représenté p la
Figure 2.

NOTE Les dispositifs® contenant a la fois des dispositifs MOS et des dispositifs bipolaires peuvent exigef une
qualification selén=plusieurs sous-conditions, afin d’assurer que les effets de I'ELDRS ainsi que les egffets
traditjonnels liés aux dispositifs MOS sont évalués.

5.7.2 Condition A

Pourta condftfom A (conditfom normate), Te debit de dose doit&tre compris entre 0,5 GY(Si)/s
et 3 Gy(Si)/s pour les circuits intégrés, et entre 0,5 Gy(Si)/s et 20 Gy(Si)/s pour les dispositifs
discrets a semiconducteurs. Les débits de dose peuvent étre différents pour chaque niveau
de dose de rayonnements au sein d’'une série; cependant, le débit de dose ne doit pas varier
au-dela de £10 % au cours de chaque irradiation.

5.7.3 Condition B

Pour la condition B, pour les dispositifs MOS uniquement, si le débit de dose maximal est
inférieur a 0,5 Gy(Si)/s dans I'application prévue, les parties prenantes a I'essai peuvent
s’accorder pour réaliser I'essai a un débit de dose supérieur ou égal au débit de dose
maximal pour l'application prévue. Sauf cas des exclusions de 5.13.2 b), I'essai de recuit
accéléré de 5.13.3 doit étre réalisé.
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5.7.4 Condition C

Pour la condition C, (en variante) I'essai peut étre réalisé au débit de dose de l'application
prévue sous réserve d’accord entre les parties prenantes a I'essai. Lorsque l'utilisateur final
est inconnu, les conditions et les résultats d’essai doivent étre mis a disposition via le rapport
d’essai, fourni pour chaque ordre d’achat.

5.7.5 Condition D

Pour la condition D, uniquement pour les dispositifs linéaires bipolaires ou BiCMOS, ou les
dispositifs a signaux mixtes, les piéces doivent étre irradiées a un débit de dose inférieur ou
égalla U, T mGy(SI)/s.

5.7.6 Condition E

Pouf la condition E, uniquement pour les dispositifs linéaires bipolaires ou BIiEMOS, oy les
disppsitifs a signaux mixtes, les piéces doivent étre irradiées dans les _conditions d’dgssai
accgléré déterminées par les essais de caractérisation, comme décrit en 5.14.3. L’gssai
accéléré peut inclure une irradiation a température élevée.

5.8 | Exigences de température
5.8. Rayonnements a température ambiante

Les |effets des rayonnements étant liés a la température, les dispositifs soumis a dssai
doivent étre irradiés a une température ambiante de<24 °C + 6 °C mesurée en un point de
I’engeinte a proximité de la fixation d’essai. Les mesures électriques doivent étre réaliséps a
une [température ambiante de 24 °C £ 6 °C. Si les_dispositifs sont transportés vers ou a gartir
d’un| site de mesure électrique éloigné, la température des dispositifs d’essai ne doit|pas
augmenter de plus de 10 °C par rapport a l'environnement d’irradiation. Si une quelconque
autre plage de températures est exigée, ellg doit étre spécifiée.

peuf étre important, notamment ep,cas de période prolongée entre les irradiations a faible
débit de dose (condition D). Il estvimportant de s’assurer que la température des piéceq est
maintenue dans la limite des. exigences déclarées ci-dessus, afin de réduire le plus possible
le recuit.

Attintion: A des températures ambiantés supérieures a la température d’irradiation, le rIcuit

5.8.2 Irradiation a-fempérature élevée

Pour les dispositifs“linéaires bipolaires ou BiCMOS, ou les dispositifs a signaux mixtes,
irradiés selon,lessai d’irradiation a température élevée en appliquant la condition E| les
disppsitifs seufmis a essai doivent étre irradiés a une température ambiante déterminéeg| par
les lessais™de caractérisation (voir 5.14.3), comme mesuré en un point de l'enceinfe a
proqﬁmité de la fixation d’essai (voir 4.8 pour les détails sur I’élévation et la réduction de la

température d’irradiation).

5.8.3 Irradiation a température cryogénique

Pour les unités/dispositifs d’essai exploités dans des applications a température cryogénique,
les unités/dispositifs doivent étre irradiés a température cryogénique (voir 4.8), puis
maintenus a température cryogénique pour les essais de caractérisation post-exposition
(voir 5.11). Les unités/dispositifs d’essai doivent rester a température cryogénique tout au
long de I'ensemble des irradiations et des essais de caractérisation, jusqu’a ce que
I’exposition aux rayonnements en dose totale et la caractérisation soient finalisées.
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