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Standard Guide for
Transient Radiation Upset Threshold Testing of Digital
Integrated Circuits [Metric] *

This standard is issued under the fixed designation F 1262M; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope for small time delays caused by the propagation delay of

1.1 This guide is to assist experimenters in measuring théternal logic elements). o . _
transient radiation upset threshold of silicon digital integrated 3-1.1.1 Discussior—Combinational circuits contain no in-
circuits exposed to pulses of ionizing radiation greater than 10ternal storage elements. Hence, the output signals are not a
Gy (Si)/s. function of any signals that occurred at past times. Examples of

1.2 This standard does not purport to address all of thecombinational circuits include gates, adders, multiplexers and

safety concerns, if any, associated with its use. It is th&lecoders. o _ _
responsibility of the user of this standard to establish appro- 3:1.2 complex circuit response mechanisrisor medium
priate safety and health practices and determine the applicascale integration (MSI) and higher devices it is useful to define
bility of regulatory limitations prior to use. three different categories of devices in terms of their internal

design and radiation response mechanisms.

2. Referenced Documents 3.1.3 over-stressed devieeA device that has conducted
2.1 ASTM Standards: more than the manufacturer’s specified maximum current, or
E 666 Practice for Calculating Absorbed Dose from Gammdlissipated more than the manufacturer’s specified maximum

or X Radiatiort power.

E 668 Practice for the Application of Thermoluminescence- 3.1.3.1 Discussior—In this case the DUT is considered to
Dosimetry (TLD) Systems for Determining Absorbed Dosebe overstressed even if it still meets all of the manufacturer’s
in Radiation-Hardness Testing of Electronic Devices specifications. Because of the overstress, the device should be

F 867M Guide for lonizing Radiation Effects (Total Dose) €valuated before using it in any high reliability application.

Testing of Semiconductor Devices [Metﬁc] 3.14 Sequential |Og|&A d|g|ta| IOgiC SyStem W|th the
2.2 Military Standards property that its output state at a given time depends on the
Method 1019 in MIL-STD-883. Steady-State Total DoseSequence and time relationship of logic signals that were

Irradiation Procedure previously applied to its inputs.

Method 1021 in MIL-STD-883. Dose Rate Threshold for 3.1.4.1 Discussior—Examples of sequential logic circuits
Upset of Digital Microcircuits. include flip-flops, shift registers, counters, and arithmetic logic

units.
3. Terminology 3.1.5 state vector—A state vector completely specifies the
3.1 Definitions: logic condition of all elements within a logic circuit.

3.1.1 combinational logie-A digital logic system with the ~ 3.1.5.1 Discussior—For combinational circuits, the state
property that its output state at a given time is solely detervector includes the logic signals that are applied to all inputs:

mined by the logic signals at its inputs at the same time (exced®r sequential circuits, the state vector must also include the
sequence and time relationship of all input signals. In this

guide the output states will also be considered part of the state
*This guide is under the jurisdiction of ASTM Committee FO1 on Electronics vector definition. For example, an elementary 4-input NAND

and is the direct responsibility of Subcommittee FO1.11 on Quality and Hardnes&ate has 16 possible state vectors. 15 of which result in the
Assurance. i wqn ' i
Current edition approved Dec. 10, 2002. Published May 2003. OriginallySame output condition (l State)- A 4-bit counter has 16

approved in 1995. Last previous edition approved in 1995 as F 1262M —95.  possible output conditions, but many more state vectors be-

_ Annual Book of ASTM Standardsol 12.02. cause of its dependence on the dynamic relationship of various
S Discontinued. Replaced by F 1893. See 18@nual Book of ASTM Standards . |
Vol 10.04. Input signals.
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3.1.6 upset responseThe electrical response of a circuit (10) Recommended radiation level at which to begin the test
when it is exposed to a pulse of transient ionizing radiation. sequence, and
3.1.6.1 Discussior—Two types of upset response can occur: (11) Procedure to adjust the dose rate during testing.
(1) transient output errar for which the instantaneous output (12) Device temperatqre du.”ng test. . . .
voltage of an operating digital circuit is greater than a predetermined 4-3 The state vectors in which the device is to be irradiated

value (for a low output condition) or less than a predetermined valueire determined from the basic (see 8.2.1) and topological
(for a high output condition), and the circuit spontaneously recovers t@nalysis, (see 8.2.2) or both.
its pre-irradiation condition after the radiation pulse subsides. The
predetermined values mentioned above are agreed to by all parties Significance and Use
participating in the test and should be included in the test plan. o . . . o

(2) stored logic state errqrfor which there is a change in the state 5.1 Digital logic circuits are used m_ SYStem, appllcatlons
of one or more internal logic elements that does not recover spontandvhere they are exposed to pulses of radiation. It is important to
ously after the radiation pulse. Because the radiation changes the stt@ow the minimum radiation level at which transient failures

vector, the circuit spontaneously recovers to a different logic state. Thigan be induced, since this affects system operation.
does not imply the change will always be immediately observable on a
circuit output. However, the circuit can be restored to its original stateg

MV Interferences
vector by re-initializing it afterwards.

) ] ) 6.1 Accumulated lonizing DoseMany devices may be

3.1.6.2 Discussior—Although the term upset response is permanently damaged by the accumulated ionizing dose they
usually used to describe output voltage responses, SOMge exposed to during upset testing. This limits the number of
devices, such as open collector gates, are better characterizggjiation pulses that can be applied during transient upset
by measuring the output current. Upset response also includ@ésting_ Accumulated ionizing dose sensitivity depends on
the transient currents that are induced in the power supply leaqsprication techniques and device technology. Metal oxide
(sometimes very large) as well as the response of the devicgmiconductor (MOS) devices are especially sensitive to
inputs, although in most applications the input response is NA{ccymuylated ionizing dose damage. Newer bipolar devices

significant. with oxide-isolated sidewalls may also be affected by low
. levels of accumulated ionizing dose. The maximum ionizing
4. Summary of Guide dose to which devices are exposed must not exceed 10 % (see

4.1 For transient radiation upset threshold tests, the transieBt4.5) of the typical ionizing dose failure level of the specific
output voltage and the condition of internal storage elementart type.
or both, is measured at a succession of radiation levels to 6.2 Dosimetry Accuracy-Since this guide ultimately deter-
determine the radiation level for which transient voltage ormines the dose rate at which upset occurs, dosimetry accuracy
functional test errors first occur. An oscilloscope, digitalinherently limits the accuracy of the guide.
storage oscilloscope, transient digitizer or similar instrumentis 6.3 Latchup—Some types of integrated circuits may be
used to measure the output transient voltage. Functional testisiven into a latchup condition by transient radiation. If latchup
are made immediately after irradiation to detect internaloccurs, the device will not function properly until power is
changes in state induced by the radiation. The device is initiallyemporarily removed and reapplied. Permanent damage may
biased and set up in a predetermined condition. The testlso occur. Although latchup is an important transient response
conditions are determined from topological analyses or bymechanism, this procedure is not applicable to latchup testing.
testing the device in all possible logic state combinations.  Functional testing after irradiation is required to detect internal
4.2 A number of factors are not defined in this guide andchanges of state, and this will also detect latchup.
must be agreed upon beforehand by the parties to the test.6.4 Package ResponseAt dose rates above I@y (Si)/s
These factors are described in the test plan. As a minimum thigae response may be dominated by the package response rather
test plan must specify the following: than the response of the integrated circuit device being tested.
(1) Pulse width, energy spectrum, and type of radiationFor high speed devices, this may include lead/bondwire effects
source, with upsets caused solely by the radiation pulse’s rise and fall
(2) Voltage and electrical loading conditions on each pin ofrates rather than dose rate. Package effects can be minimized
the device during testing, by adequately decoupling the power supply with appropriate
(3) Resolution and accuracy required for the upset respondeigh-speed capacitors.
threshold of individual devices, along with the method used to 6.5 Steps Between Radiation LevelShe size of the steps

vary the radiation level, between successive radiation levels limits the accuracy with
(4) Failure criterion for transient voltage upset, outputwhich the dose rate upset threshold is determined. Cost

current, and power supply current as applicable, considerations and ionizing dose damage limit the number of
(5) Measuring and reporting,J, transient output voltage radiation levels that can be used to test a given device.

and transient output current levels, 6.6 Limited Number of State VectersCost, testing time,
(6) Functional test to be made after irradiation, and cumulative ionizing radiation usually make it necessary to
(7) Power supply and operating frequency requirements, restrict upset testing to a small number of state vectors. These
(8) State vectors used for testing, state vectors must include the most sensitive conditions in
(9) Radiation levels to use for transient response measurerder to avoid misleading results. An analysis is required to

ments, select the state vectors used for radiation testing to make sure
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that circuit and geometrical factors that affect the upsetequired. The line drivers must be designed so that their own
response are taken into account. response to transient ionizing radiation is much smaller than

7. Apparatus that of the circuit being measured (see Note 4).

7.1 The equipment and information required for this guide Note 4—Although line drivers are normally not placed in the direct
) . radiation beam, there is always some stray radiation that may affect the

ln_cludes an elecmcal schematic of the test C',rcu't’ a _log'cline driver. Furthermore, replacement currents in the wiring that connects
diagram of the device to be tested, a transient radiatiofhe jine driver to the circuit under test may also introduce a spurious

simulation source, dosimetry equipment, and electrical equipresponse.
ment for the measurement of the device response and func-
tional testing. If the alternate topological analysis approach is
to be used, (see 8.2.2) then a photomicrograph or composi
mask drawing of the device is also needed.

7.2 Radiation Simulation and Dosimetry Apparatus

7.2.1 Transient Radiation SoureeA pulsed high energy X S . .
electron or bremsstrahlung source that can provide a dose ragopPe. transient d|_g|t|zer or similar device _shaII be used to
in excess of the upset response threshold level of the deviﬁeasure the transient response of the device under test. The

7.3.3 General Purpose Test EquipmerAPower supplies,

Ise generators, cables and termination resistors that are
required to bias the device and establish its internal operating
conditions are needed.

7.3.4 Transient Response Measuring DevieAn oscillo-

being tested at the pulse width specified in the test plan i§andwidth and sensitivity of this equipment must be compat-

needed. A linear accelerator (LINAC) with electron energies of2!€ With the pulse width and measurement criteria in the test

10 to 25 MeV is preferred (see Note 1), although in some”'an:

instances a flash X ray with end point energy above 2.0 Mth7'f3'5 F_unctlional Te;t S);sthenu d‘ sy_stem t(Tat Is set l;]pl tq t(.est.
may be utilized (see Note 2 and Note 3). It is usually muchthe functional operation of the device under test while it is in

more difficult to synchronize a flash X-ray pulse with circuit the radiation test fixture is required. This may consist Of (

operation, which limits the applicability of a flash X ray. general purpose equipment such as pulse generators,
oscilloscopes/transient digitizers, or logic analyzer®), &

Note 1—Linac radiation pulses are made from a train of discretecommercial integrated circuit test system, 8y & custom test
‘micropulses” occurring at the linac radio frequency (RF). This high cireyit/fixture. The specific requirements of the functional test

frequency pulse structure could cause erroneous results for high frequen s .
devices under test such as gallium arsenide. This has not yet been direciystem depend on the spgcﬁmaﬂon_s and requirements of the
evice under test and are included in the test plan.

observed.
NoTe 2—The absorption coefficient of photons in silicon and packag- 7-3_-6 Temperature Measuring EqumenA therm_ometer,
ing materials is relatively flat at energies above 2 MeV, and has a nearlgalorimeter, or other temperature measuring device that can

constant ratio to the absorption coefficient of typical dosimetry systemsmeasure the ambient temperature with an accuracy of at least
At lower energies absorption coefficients increase, which can introducer 3°C
large dosimetry errors if the end point energy in a bremsstrahlung source
is below 2.0 MeV.
Note 3—Because of dose enhancement and attenuation, a transp<§t
calculation is generally required to relate the dose at the region of interest 8.1 The procedure will be governed by the test plan that
in the DUT to the dosimetry used if a low energy flash X ray is used. describes the device operating conditions, upset response
7.2.2 lonizing Dose Dosimetry Systesf dosimetry sys- criteria, functional test method, and radiation source require-
tem such as a thermoluminescent dosimetry (TLD) system oments. The procedure is divided into three party.determi-
calorimeter that can be used to measure the absorbed ionizimgtion of the logic state conditions for testing by analysis using
dose produced by a single pulse of the radiation source igither the device schematic or the alternate topological analy-
needed (see Practice E 668). sis: () calibration and adjustment of the radiation facility; and
7.2.3 Pulse Shape Moniter-A device for monitoring the (3) measurement of the radiation level at which transient upset
shape of the radiation pulse such as a PIN diode is required. ccurs. The state vectors selected for irradiation are determined
some instances it may be possible to directly determine th&om the analysis step.
pulse shape by measuring the total beam current of the 8.1.1 The test results are incorporated into a test report that
accelerator with a current transformer or secondary emissiomcludes necessary information about the test sample and
monitor (SEM). measurement conditions as well as the test data.
7.2.4 Active Dosimetry StandardAn active dosimeter that 8.2 Analysis
allows the dose rate to be determined from electronic measure- (&) The purpose of the analysis step is to select the
ments is needed. This may be a PIN detector, a Faraday cup, minimum number of state vectors for transient response
a combination of a calorimeter and current transformer. testing. The device must be tested in each of these logic states,
7.3 Electronic Test Equipment and must include the conditions in which the analysis shows
7.3.1 Radiation Test Fixture-A test fixture that allows the that the device is most sensitive to transient upset.
device to be placed in the radiation beam with convenient (b) The analysis starts with a schematic diagram and
connection to external equipment (pulse generators, powarircuit operating description such as bias conditions, timing
supplies, line drivers etc.) is required for testing. diagram etc. If the alternate approach of topological analysis is
7.3.2 Line Drivers—Line drivers that provide high imped- used, then a photomicrograph or composite mask drawing is
ance to the device under test and can drive the low impedan@dso required. It is assumed that the basic response mechanisms
of terminated output cables with adequate signal fidelity aref the device technology are known from experience or test

Procedure
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data on small scale logic circuits that are fabricated with theplan. Verify that the beam area and uniformity are adequate for
same technology. Specific steps in the analysis are listed dse device being tested and the placement of the active
follows: dosimeter.

8.2.1 Multiple Output Logic State Approach 8.3.2 Calibration—Measure the ionizing dose and pulse

8.2.1.1 Determine Relative Response SensitiviBartiton ~ Width of the accelerator, using the thermoluminescent dosim-
the circuit into functional logic blocks. Determine the logic eter (TLD) or calorimeter and an appropriate pulse shape
path for each output, and identify similar internal functions.monitor. Practices E 666 and E 668 provide appropriate test
For examp|e, a 4-bhit counter can be Separated into ContromethOdS. The maXimL.lm tolerance SpeCiﬁed in PraC'-[iceS-E 666
internal flip-flop, and output logic cells. There are four identi- and E 668 is the maximum tolerance allowed by this guide.
cal logic paths corresponding to each of the four bits. Deter- 8.3.3 Active Dosimeter Calibration-Calibrate the active
mine the total number of unique output logic state combinadosimeter using the same methods. Verify that the active
tions, and test the circuit in each of these states. For the countgpsimeter has a linear response over the expected range of
example this results in 16 combinations so that the upset musadiation levels.
be determined for each of these 16 state vectors. 8.3.4 Noise Test-Set up the radiation test fixture. Place

8.2.2 Topological Analysis Approach (Alternate) small dummy load resistors on each active pin of the test
8.2.2.1 Partition the circuit into functional logic blocks. fixture thatare nominally equal to the active impedance of each

Determine the logic paths for each output and identify similaPi" Of the device (electrical measurements or circuit analysis

functions. Measure the relative junction areas of transistors ifj2" P& used to determine the appropriate load impedances).
each logic path. For example, in bipolar devices that responl§radiate the test fixture and dummy loads and measure the
because of substrate photocurrent, the area of the isolatidf'tPut response. This response must be less #haof the

diffusion is measured, whereas for devices that respond p&utput response that constitutes transient failure (see the test

cause of secondary photocurrent, the collector-base junctio¥@" 7-1)- _
area is measured. In MOS technology devices the areas of the8-4 Radiation Testing

p- or n-wells and the areas of specific transistors must be 8.4.1 Sample Selectier-Specify the number of devices to
determined. be tested in the test plan. Randomly select the test samples

8.2.2.2 Assume the photocurrent at a specific radiation levelO™M the parent population (unless otherwise specified). The
is proportional to junction area. Use nominal resistor values t¢€St Samples must be fabricated with the same mask set used in
determine the relative voltage drop (and hence the relativée analysis (8.2). Identify each part individually with a serial
upset level) of each functional block in the logic path. This steg?umber. For devices that are sensitive to damage from static
will identify the logic element that has the highest sensitivity todiScharge, use appropriate handling methods. In addition to the
radiation for each logic path. This step also determines whic/eSt devices, select a minimum of two expendable devices from
internal logic state is most sensitive to transient ionizingtn€ test sample for use in setting up the functional test and
radiation pulses. transient upset test equipment.

8.2.2.3 Identification of Asymmetries and Parasitic 8-4-2Set Up and Check Out Functional Test System
Junctions—Carefully examine the geometry of functionally Assemble the equipment required for functional testing and

similar logic paths to determine if any asymmetries exist thafdiust the wave form amplitudes and timing to the values
would cause specific locations to be more sensitive to upset. [fPeCified in the test plan. Adjust the power supplies required
order for such differences to be significant, there must be aff' testing to the correct values and connect them to the
obvious difference in junction areas. Also examine the layoufadiation test fixture. Temporarily turn off or disconnect the
to check for differences in proximity to other elements betweerPOWer and insert one of the expendable devices in the test
functionally identical logic cells. Make sure that regions with Xture. Reapply power and verify proper operation of the

obvious physical differences are identified and included in thdunctional test system.
state vector set used for irradiation. 8.4.3 Set Up and Check Out Upset Response Test System

Assemble the equipment required to measure the transient

8.2.2.4 State Vector SelectierUse the results of the func- f the devi thi v includes line dri
tional block analysis and topological analysis to select stat esponse of the device (this usually Includes line 'rlvers).
erminate all coaxial cables with their characteristic imped-

vectors and monitor points that correspond to the most sensi- Pl " tive dosimeter in cl imitv to th
tive logic cells. The topological analysis will generally result in ance. Flace the active dosimetér in close proximity 1o the

a much smaller number of state vectors than the multiple Iogi?ev'ce. under test (the beam uniformity was pre\.nouslly estab-
state approach Ished in 8.3.1). Place one of the expendable devices in the test

8.2.3 Test Plan Modificati fixture and set it up in one of the state vectors that were
--o lest Flan lioditication ) ) selected in 8.3. Pulse the accelerator and measure the transient
8.2.3.1 Use the results of the preceding steps to incorporai@gsponse of the device and the dose rate. If the response is
the test vectors selected in 8.2.1 or 8.2.2 into the test plan. Thereater or less than that defined as logic failure adjust the
total number of state vectors selected for radiation testing musjccelerator for a higher or lower dose rate and repeat the test.
be compatible with cost and ionizing dose limitations. Continue this process until the upset response level for each
8.3 Set Up and Calibration of the Radiation Facility state vector has been bracketed.
8.3.1 Accelerator Set Up-Adjust the accelerator to the  8.4.4 Dynamic Dose-Rate Testing ConsideratiefiSor dy-
energy, pulse width and nominal intensity specified in the teshamic dose-rate testing synchronize the tester and radiation
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source such that the radiation pulse can be positioned at any8.4.7.2 If no upset occurred, increase the radiation level

point in time in the operating cycle of the DUT. Make sure thataccording to the sequence specified in the test plan: if an upset
the test setup is capable of observing the position of thés observed decrease the radiation level. After the radiation

radiation test pulse with respect to the operating cycle. For testource is adjusted to the new intensity, re-initialize the part to

performance step the radiation test pulse through the operatirige required state vector, expose it to an additional pulse, and
cycle with overlap to identify the most sensitive (with respectdetermine whether or not upset occurred. Continue this se-
to the radiation pulse) point in the operating cycle of the DUT.quence until the upset response threshold level is bracketed
For dynamic testing the upset response can take several formgth the resolution required in the test plan.

including a temporal change in the operating cycle. 8.4.7.3 Repeat 8.4.7.1 and 8.4.7.2 for all the state vectors

8.4.4.1 For complex devices with operating cycles less thaféquired in the test plan. Test the remaining devices in the same
1 ps, it is possible to use a LINAC pulse width which is longerWay starting at the best estimated radiation level in order to
than the operating cycle<(1 ps). In this case, the synchronized Minimize the ngmber of pulsgs required in the test sequence.
radiation pulse will be present during the entire operating cycle 8-4.7-4 Consider a test device over-stressed and identify the
and eliminate the need to step the shorter (10 to 30 ns) radiatid#fVice accordingly if the maximum transient photocurrent has
pulse. Of course the ionizing dose per pulse would be muckaused the (_jewce to exceed the manufacturers specified
larger but the total number of radiation pulses would be less@bsolute maximum DC level of current or power (see 3.1.3).

8.4.5 lonizing Dose Damage Sensitivity Estimatieblsing 9. Calculation

an expendable device from 8.3 or 8.4, determine the ionizing 9 1 For each device and state vector, determine the upset
dose from a single pulse of ionizing radiation and appropriatq;esponse threshold from dose rate data above and below
dosimetry. Also estimate the failure threshold of the devicpreshold as determined with the active dosimeter. The accu-
from other test data or similar device types of experiments. lfacy of the result is limited by the difference between succes-

the ionizing dose per pulse exceeds 10 % (unless otherwisgye radiation levels that bracket the upset response threshold.
specified, see 4.2) of the estimated failure threshold, then the

devices shall be tested before and after dose rate testing ). Report
determine the effect of ionizing dose. 10.1 As a minimum the report shall include the following:

8.4.5.1 The ionizing dose damage threshold is the level at 10.1.1 Device identification,
which significant degradation, typically a 10 % (unless other- 10.1.2 Test date and test operator, o
wise specified, see 4.2) change in electrical parameters occurs.10.1.3 Test facility, radiation source specifications, includ-

8.4.6 lonizing Radiation Testing (Optionahf the results ing energy spectrum and radiation pulse width,

of the previous step show that cumulative ionizing radiation 10-1-4 gias QOUdiIiOT}S,hOUtput Iqadir;]g z;nd test circuit, f
testing is required, then each device must be electricall 0.1.5 Description of the way in which state vectors for

characterized before and after upset response testing. THSUNG were selected,

testing must be compatible with Guide F 867M. The preferred 10.1.6 State vectors used for radiation testing and functional

radiation source for determining a device’s cumulative ionizingtes't condltlo_ns _for each state vector, .
10.1.7 Criteria for transient output upset failure and power

radiation failure threshold i€’Co, however, if suitabl&°Co or I tailure (if anolicabl
equivalent data does not exist, then a pulsed source may IS&/PPIY current failure (if applicable),

used to estimate the device’s cumulative ionizing radiation +0-1.8 Records of the upset threshold and power supply
failure threshold. current for each state vector,

8.4.7 Dose Rate Upset Threshold MeasuremeRtace the 18'1'?52:&3:”&“&% noise test
device to be tested in the test socket. Apply the required pulse ;57" '

ST o 10.1.11 Devi i
sequence so that the device is in the state specified by the testlg 112 Rggﬁ&:ﬁ::?ﬁ?iﬂ;ﬂ:{?g i'(t)ensitz,"?; ?adiation
plan for the first state vector test. o '

8.4.7.1 Set the intensity of the radiation source to the initiafl1. Keywords
level specified in the test plan, and expose the device to a pulse11.1 digital integrated circuits; digital IC’s; functional er-
of radiation. Determine if a transient output error or a storedors; ionizing; pulsed radiation; radiation; transient radiation;
logic state error occurred (see 3.1.5). upset threshold
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