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Standard Practice for
Neutron Irradiation of Unbiased Electronic Components

This standard is issued under the fixed designation F 1190; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone} indicates an editorial change since the last revision or reapproval.

1. Scope Testing of Electronics

1.1 This practice applies to the exposure of unbiased silicon E 722 Practice for Characterizing Neutron Energy Fluence
(Si) or gallium arsenide (GaAs) semiconductor components to  SPectra in Terms of an Equivalent Monoenergetic Neutron
neutron radiation from a nuclear reactor source. Only the _Fluence for Radiation-Hardness Testing of Electrchics
conditions of exposure are addressed in this practice. The F867M Guide for lonizing Radiation Effects Testing of
effects of radiation on the test sample should be determined Semiconductor Devicés

using appropriate electrical test methods. F 980 Guide for the Measurement of Rapid Annealing of
1.2 System and subsystem exposures and test methods are Neutron-Induced Displacement Damage in Semiconductor
not included in this practice. Devices?

1.3 This practice is applicable to irradiations conducted with 2.2 Other Documents: _
the reactor operating in either the pulsed or steady-state mode. 2-2:1 The Department of Defense publishes every few
The practical limits for neutron fluence®(y ;yey, s OF YE&rsa compendium of nuclear reactor facilities which may be

®eq. 1 Mev, Gand iN SEMIicCONductor testing range from approxi- suitable for neutron irradia';ion of electr_onic components:
mately 16 to 10 n/cn?. DASIAC SR-94-009, April 1996, Guide to Nuclear Weap-

1.4 This practice addresses those issues and concerns per- Ons Effects Simulation Facilities and Technigties
taining to irradiations with neutrons of energies greater than 10 2-3 The Office of the Federal Register, National Archives
keV. and Records Administration publishes several documents

1.5 This standard does not purport to address all of theWwhich delineate the regulatory requirements for handling and
safety concerns, if any, associated with its use. It is thdransporting radioative semiconductor components:
responsibility of the user of this standard to establish appro- Code of Federal Regulations: Title 10 (Energy), Part 20,
priate safety and health practices and determine the applica- _ Standards for Protection Against Radiafion

bility of regulatory limitations prior to use. Code of Federal Regulations: Title 10 (Energy), Part 30,
Rules of General Applicablity to Domestic Licensing of

2. Referenced Documents Byproduct Materici
2.1 ASTM Standards: Code of Federal Regulations: Title 49 (Transportation),

E 170 Terminology Relating to Radiation Measurements  Parts 100 to 177
and Dosimetry

E 264 Test Method for Determining Fast-Neutron Reactions' Terminology

Rates by Radioactivation of Nickel 3.1 1 MeV equivalent flueneethis expression is used by
E 265 Test Method for Measuring Reaction Rates and Fasthe radiation-hardness testing community to refer to the char-
Neutron Fluences by Radioactivation of Sulfur232 acterization of an incident neutron energy fluence spectrum,

E 668 Practice for Application of Thermoluminescence®(E), in terms of the fluence of monoenergetic neutrons at 1
Dosimetry (TLD) Systems for Determining Absorbed DoseMeV energy required to produce the same displacement
in Radiation-Hardness Testing of Electronic Devices damage in a specified irradiated materiall{&) (see Practice

E 720 Guide for Selection and Use of Neutron-ActivationE 722 for details). = _

Foils for Determining Neutron Spectra Employed in 3.1.1 Discussior—Historically, the material has been as-
Radiation-Hardness Testing of Electrorics sumed to be silicon (Si). The emergence of gallium arsenide

E 721 Method for Determining Neutron Energy Spectra(GaAs) as a significant alternate semiconductor material,

with Neutron-Activation Foils for Radiation-Hardness Whose radiation damage effects mechanisms differ substan-
tially from Si based devices, requires that future use of the 1
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MeV equivalent fluence expression include the explicit speci- 6.1.1 All nuclear reactors produce gamma radiation coinci-

fication of the irradiation semiconductor material. dent with the production of neutrons. If a separation of neutron
3.2 silicon damage equivalent (SDEarchaic expression (n) and gamma rayy( degradation is desired, either théy
synonymous with “1 MeV equivalent fluence in silicon.” ratio must be increased to the point at which gamma effects are

3.3 equivalent  monoenergetic neutron  fluencenegligible or the test sample degradation must first be charac-
(Peq,Erer, mad—2aN equivalent monoenergetic neutron fluenceterized in a “pure” gamma ray environment under zero bias
that characterizes an incident energy-fluence specti(i),  conditions. The use of such data from a gamma ray exposure to
in terms of the fluence of monoenergetic neutrons at a specifiseparate neutron and gamma effects obtained in a neutron
energy, Eref, required to produce the same displacememixposure may be a complex task. If this approach is used,
damage in a specified irradiated material, mat. Guide F 867 should be used as a reference.

3.3.1 Discussior—The appropriate expressions for com- 6.1.2 TRIGA-type reactors (Training Research and Isotope
monly used 1 MeV equivalent fluence ae., ; vev,sifor  production reactor manufactured by General Atomics) deliver
silicon semiconductor devices adely ; mev, caasfOr gallium  gamma dose during neutron irradiations that can vary consid-
arsenide based devices. See Practice E 722 for a much masgably depending on the immediately preceding operating
thorough treatment of the meaning and significant limitationshistory of the reactor. A TRIGA-type reactor that has been
imposed on the use of these expressions. operating at a high power level for an extended period prior to
4. Summary of Practice the semiconductor component neutron irradiation will contain
a larger fission product inventory that will contribute signifi-

4.1 Evaluation of neutron radiation-induced damage in antly higher gamma dose than a reactor that has had no recent
semiconductor components and circuits requires that the fol:. y higher gam
igh level operations.

lowing steps be taken: . .
4.1.1 Select a suitable reactor facility where the radiation 6-2 Témperature EffectsAnnealing of neutron damage is

environment and exposure geometry desired are both availabf@hanced at elevated temperatures. Elevated temperatures may
and currently characterized. A reasonably complete list i©CCUr during irradiation, transportation, storage, or electrical

contained in DASIAC SR-94-009. characterization of the test devices.
4.1.2 Prepare test plan and fixtures, 6.3 Dosimetry Errors—Neutron fluence is typically re-
4.1.3 Conduct pre-irradiation electrical test of the testPorted in terms of an equivalent 1 MeV monoenergetic neutron

sample, fluence in the specified irradiated materidc(, ; vev, si O
4.1.4 Expose test sample and dosimeters, Deq, 1 mev, Gaad IN UNIts of neutrons per square centimeter.
4.1.5 Retrieve irradiated test sample, ASTM guidelines and standards exist for calculating this value
4.1.6 Read dosimeters, from measured reactor characteristics. However, reactor facili-
4.1.7 Conduct post-irradiation electrical tests, and ties may not routinely remeasure the neutron spectrum, (using

4.1.8 Repeat 4.1.4 through 4.1.7 until the desired cumulaGuide E 720 and Method E 721) at the test sample exposure
tive fluence is achieved or until degradation of the test devicéites. A currently valid determination of the neutron spectrum
will not allow any further useful data to be taken. provides essential data needed to accurately ascertain the

4.2 Operations addressed in this practice are only thos@dquivalent 1 MeV monoenergetic neutron fluence in the
relating to reactor facility selection, test procedure and fixturespecified irradiated material. Lack of this critical data can
development, positioning and exposure of the test sample, ari@sult in substantial error. Therefore the experimenter must
shipment of the irradiated samples to the parent facilityaccept responsibility for obtaining a current valid determina-
Dosimetry methods are covered in existing ASTM standardéion of the 1 MeV equivalent fluence in silicon or GaAs, as
referenced in Section 2, and many pre- and post-exposuﬂ_ﬁEded, from the reactor faCiIity Operator. This may require a
electrical measurement procedures are contained in the literf@Characterization of the reactor test facility, or the particular
ture# Dosimetry is usually supplied by the reactor facility. ~test configuration.

6.4 Recaoil lonization Effects-lonization effects from neu-

) ) tron recoils within a semiconductor device may be significant

5.1 Semiconductor devices are permanently damaged By some device types at very high neutron fluences, although
fast neutrons (E > 10 keV). The effect of such damage on thgnqer normal conditions, ionization due to the gamma radia-

performance of an electronic component can be determined Ry, from the source will be much greater than the ionization
measuring the component electrical characteristics before anghm recoils.

_after exposure to fa_st neutrons in the neutron fluence range of 6.5 Test Configuration EffectsExtraneous materials in the
interest. The resulting data can be utilized in the design of

electronic circuits which are tolerant of the degradation exhib—viCinity of the test specimens can modify the environment at
) 9 the test sample location. Both the neutron spectrum and the
ited by that component.

5 2 This practice provides a method by which the exposur amma field can be altered by the introduction of such material
< 1hisp Pr¢ Dy wh P ven if these materials are not interposed between the reactor
of semiconductor devices to neutron irradiation may be per-

X A . . re and the test devices.
formed in a manner which is repeatable and which will allow '€ @ d the test devices

comparison to be made of data taken at different facilities. 6'5 Thermal_ Neutron EffeciesThermaI neutrons fo'ofl
eV) interact with the materials of the devices being irradiated

6. Interferences causing them to become radioactive. As this means that
6.1 Gamma Effects irradiated parts cannot be handled or measured in reasonable

5. Significance and Use
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times following exposure, it is common practice to shield testproduct inventory increases as the total exposure time in-
parts from the thermal neutrons. Borated polyethylene ocreases.
cadmium shields are commonly used. Cadmium capture of 7.1.3 Dosimetry and Field MappingMechanical supports
thermal neutrons produces more gamma rays than boragr reactor control elements may cause localized perturbation of
capture, thus producing a lowefy ratio when such a shield is the neutron flux; therefore, mapping of the area in which
used. When possible, borated polyethylene shields are pregamples are to be exposed is required to verify uniformity. Use
ferred. Fast Burst Reactor (FBR) neutron spectra have a smalilfur or nickel dosimetry for mapping in accordance with Test
thermal neutron component, whereas TRIGA reactors inhemethod E 264 or E 265. Report the resulting neutron fluence in
ently produce a very large thermal neutron flux. While mostierms of the 1 MeV equivalent neutron fluence in the specified
facilities providing neutron irradiation for semiconductor partsjrradiated material Deq. 1 mev, 510" Peg, 1 mev, Ganad IN ACCOr-
will automatically provide the thermal neutron shields, it is thedance with Practice E 722.
experimenter’s responsibility to verify that such a shield is 714 Concurrent with the neutron mapping, determine the
employed during the test. gamma total dose at the exposure location using Thermolumi-
7. Procedure nescent Dosimeter (TLD) dosimetry in accordance with Prac-
tice E 668. Because the neutron energy spectrum extends to
thermal energy levels and becau8s has a large absorption
cross section for thermal neutrons, the use of Jakher than
?F TLDs is recommended to avoid a potential error in the
mma dose measurement. Ga also a better match for

7.1 Reactor Facility Selectian

7.1.1 Reactor Operating Modes and Fluence Levelwo
types of reactors are generally used for evaluating the effects
fast neutrons (E > 10 keV) on electronic components. Thes
reactors, the FBR and the TRIGA type reactor, can l_ae operat ergy absorption of semiconductor materials. Keep in mind
in either a pulsed or a steady-state mode. The minimum pUISt‘F\e warning in 6.1.2.
width for the FBR is approximately 50 us and the TRIGA type 72 Test Plan and Fixtures

has a nominal pulse width of 10 ms. The pulse widths of both e .

types of reactors increase as the peak power is decreasecf?‘z'l All reactor facilities require a test pro_cedure or test
Therefore, if minimum pulse widths are desired, the adjustmer®f'2": The pfocedure should specify the Ioca'non of the test

of fluence is best accomplished by adjusting the distanc&@mple relative to the reactor core and the desired reacto_r_burst
between the core and the sample, rather than adjusting the pe perature or equivalent parameter used by the test facility to

power level. In the single-pulse mode, the FBR typically has scale the_reactor operation in the burst moqe. The test facility
maximum fluence®., ; yey <) Up to 8X 10 nicn? outside may require only the target fluence, from which the location of
eq, eV,

the core and & 10 nicn? inside the core. TRIGA-type the sample and burst temperature will be determined by facility
reactors have a maximum single pulse fluence that varies witP€rating personnel. In the steady-state mode, the power level
the reactor and the exposure position within the core, bu nd duration of exposure is required. This too can be provided
ranges from 5< 10'% to 3 X 10*° n/cn?. The core volume by facility operators if desired fluence is given. Plan the

available for semiconductor components for most FBR reactor§XPOSures such that placement of the test sample in the
and TRIGA type reactors is on the order of 100 &m exposure area can be accomplished quickly, with minimal

Significantly larger core volumes are available at some facilif&-€Ntry requirements to minimize exposure of test personnel.

ties. Higher fluences can be achieved by exposing the sampla€Sign test fixtures to enable accurate and repeatable position-
to multiple bursts or by operating the reactor in a steady-stati®'9 Of the test sample for tests in which multiple exposures are

mode. In the steady-state mode, the FBR can deliver fluxes dnade. Also, design the test fixturg with mi_nimum mass to
the order of 1.8< 10" n/cn?s outside the core and 73810t  Prevent perturbation of the flux field. Avoid hydrogenous

nlcnfs inside the core, while the TRIGA-type reactor can materials l:_)ecause of the resulting degradatiOﬁIMratio and
deliver maximum fluxes ranging from approximately the_ _s_oftenlng of the neutron spectrum. In adqmon3 at FBR
2 2% 10" to 2.5% 102 n/cnds. facilities large amounts of hydrogenous mat_enal will _reflect
7.1.2 Neutron Fluence/Gamma Dose@/{) Ratio. In addi- neutrons back to the core and may require considerable
tion to a flux of neutrons, reactors produce a gamma_ra“(;xpenmentatlon by the facility operator in order to c_haracter-
environment. In order to be sure that the observed radiatiolf®’ a”‘?' hence control, the operation of the reactor with the test
effects are due to neutrons, it is necessary thaifheatio s  Xture in place. The experimenter should also be aware that
sufiiciently large that the gamma dose accompanying th&ertain materials, some of which are used as electrl_cal insula-
required neutron fluence introduces insignificant damage. 1Hon (_for ex_ample Teflon), degrade in a reactor environment.
the pulse mode, the inherenf/y ratios for the FBR and Aluminum is commonly used to construc.t test fixtures.
TRIGA-type reactors are approximately 4510° and 3x 10° 7.3 Exposure of Test Sample and Dosimeters
n/[cnPrad(si)], respectively. These ratios can be increased or 7.3.1 Mount test samples on panels of convenient dimen-
decreased by interposing shielding between the sample and teions for ease in handling. Sulfur (or nickel) and TLD
reactor. In general, thg/y ratio decreases as the distance fromdosimeters may be attached, as required, to the panels prior to
the reactor is increased. Thgy ratio tends to be lower for exposure. In general, use an array of dosimeters if the
exposures using TRIGA-type reactors in the steady-state rath@enuniformity of the environment is expected to exceed
than pulse mode of operation, and also for exposures at lowe¥ 10 % over the test article or sample group.
rather than higher steady-state power levels as the fraction of 7.3.2 Semiconductor pieceparts may be irradiated passively
the total gamma dose attributable to the preexisting fissiobecause displacement damage is independent of applied bias.
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However, transient annealing of damage immediately follow4n 49 CFR 100-177. It is also important to note that the
ing exposure of parts to pulsed neutron environment may beeceiving facility must be licensed in accordance with govern-
strongly affected by bias conditions following exposure. Refeting Federal Regulations, referenced in 10 CFR 30, to receive
to Guide F 980 for a method of characterizing rapid annealingadioactive material.
effects.
7.3.3 If static-sensitive parts are to be irradiated, use star?- Report
dard Electrostatic Discharge (ESD), protective procedures in 9.1 In describing the results of a neutron irradiation report
handling these parts. However, as a general rule, protect thbe following information:
leads of all semiconductor devices during irradiation to prevent 9.1.1 Reactor identification,
damage resulting from electrostatic discharge. This protection 9.1.2 Reactor operating mode—pulse or steady-state,
usually consists of placing the devices in conductive foam or 9.1.3 Core configuration used for irradiation,
shorted sockets. 9.1.4 Number of pulses or time of steady-state run,
7.4 Retrieval and Return of Test Sample 9.1.5 Shielding details,
7.4.1 Following exposure of the test samples, the parts may 9.1.6 Sulfur (or nickel) dosimeter readings,
be retrieved after the radioactivity of the test chamber has 9.1.7 TLD dosimeter readings, if any,
reached a safe level. Facility Health Protection (Radiation 9.1.8 Fluence as determined using Practice E 772,
Safety) personnel typically determine when re-entry is permis- 9.1.9 Total dose as determined using Pratice E 668 and
sible based upon the hazard exposure limits in CFR 20correlated to current exposure,
Retrieve the test samples and dosimeters quickly to minimize 9.1.10 Sample identification,
personnel exposure. Following retrieval, separate the dosim- 9.1.11 Date and time of exposure to neutrons,
eters and turn them over to personnel responsible for reading 9.1.12 Electrical measurement data before and after irradia-
the dosimeters. This service is generally provided by thdion,
reactor facility staff by prior arrangement. 9.1.13 Temperature at which electrical measurements were
7.5 Electrical Characterization made,
7.5.1 Pre- and post-irradiation electrical measurements are 9.1.14 Electrical test date,
made in accordance with the appropriate electrical test proce- 9.1.15 Reactor facility and exposure site radiation environ-
dures. Selection of test parameters and bias conditions require®ent characterization, method used, and date completed,
knowledge of basic radiation effects on the device technology 9.1.16 Core configuration used for calibration,
being tested and may require knowledge of the intended 9.1.17 Sulfur (or nickel) fluence multiplier used to calculate
application of the test device. the 1 MeV equivalent fluence for the irradiated material
7.5.2 Electrical tests may be performed at the reactor facilityassociated with the current reactor facility calibration for the
or another facility. After exposure, the samples are likely to bespecific exposure site used, and
radioactive for a period ranging from several days to months 9.1.18 Geometry of radiation exposure.
and must be handled in accordance with appropriate health
safety procedures, referenced in 10 CFR 20, or until declared0- Keywords

nonradioactive by a certified radiation health physicist. 10.1 dosimetry; electronic component; equivalent monoen-
) . ergetic neutron fluence; fast burst reactor (FBR); gallium
8. Packaging and Package Marking arsenide; gamma dose; gamma effects; irradiation; neutron

8.1 Test samples that are to be shipped to another facilitfluence; nickel; 1 MeV equivalent fluence; radiation; reactor;
must be packaged in accordance with applicable regulationsemiconductor; silicon; sulfur; thermoluminescent dosimeter
pertaining to the shipment of radioactive material, referencedTLD); TRIGA-type reactor
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