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1 Thia milirars handheasnk {a anmnrovad far uns by al enartoents arwl Ansnecies af the Departoent of
This oititery hanchooX 182 appraveC for use Ty all ODeporicentis anc Agoncis: of 1he T Lt 2

Defense.

2. Beneficisl co—ments (reco=aendations, additicns, deletions) and any pertinent data vhich cay be of use
in icproving this document should be addressed te: Spoce and Naval Varfare Systeos Command, VWashington, 0OC
203583-5100, by using the Standardization Document Icprovenment Proposal (D0 Foro 1426) eppearing at the end
of this docuzent or by letter,

3. (Caution. This docucent has been assecbled os a guideline for the developoent of a dose-rate hardness
assurance prograa for seniconductor electronics. It s not intended to be used os a requirecents docuzent.
This docuzent 3y not contain all the inforcation needed to establish such o progreo.

4. This docuzent discusses how dats on the perforcance of an electronic part should ba taken and
docuzented so that it can be ensily analyzed and how end-point linits for pass-fail lot acceptance tests
should be calculated. Although these guidelines specifically address the problen of radisticn hardness
assurance, cany of the discussions given cay be useful core generoliy to percons responaible for electricat
response cepsurecents and/cr the developoent of procurecent specifications.

S. Ouring the writing of this docunent and the discussions with cony individuals relating to it, it beca=e
clear that the probiens sassociated with taking and docuzenting good dota and with gnolyzing it, were far
rore difficult than the authors hod expected. As a result, the discussions given to data exacination,
docusentation, and enolysis becane cuch core extensive than hod originally been intended. Having thus
responded to a perceived need, the suthors can only hope that the Length of the document will not unduly
deter the reader and that the extra detail provided about taking and analyzing data will prove wvorthwhile.
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PREFACE
This document discusses how data on the performance of an electronic part should be taken and documented so
that it can be easily analyzed and how end-point Limits for pass-fail lot acceptance tests should be
calculated. Although these guildelines specifically address problem of radiation hardness assurance, many
of the discussions given may be useful more generally to persons responsible for electrical response
omeasurements and/or the development of procurement specifications.
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1. SCOPE

1.1 Scope. The prigary objective of this docusent is to provide guidelines and eosy to follow procedures
for the preparation of detailed device specifications for the procurecent of aicrocircuits ond seniconductor
devices where radlation Hardness Assurance (RHA) is required. The guidelines are cpplicable to MIL-A-38510,
MIL-$-19500 oicrocircuit and seniconductor device detailed specificotions o well o3 to other specifications
such as Source Control Drawings (SCD), Selected Iteo Drowings (SID), Specification Control Drawings (SCD),
and Standardized Military Dravings (SKD). Reco——ended procedures are provided for characterizing the
radintion response of o peart ond for obtaining post-irradiation emd—point Lioits for qualification and Lot
Acceptance Tests (LAT),

1.2 Radiation hardness sssurance at the piecepart level. These guidelines address rediation response

censurecent and hardness assurance questions st the piecepart level. In keeping with the present schece for
MIL-STD RMA device specifications, vhich only addresses ionizing rodiotion dose effects ceosured at 200,
plus or cinus 100 rads{Si)/second and displacezent dazage effects due to neutrons (see table 1), these
guidelines ecphasize these two rodintion environcents. However, becpuse the addition of dose rote and
Single Event Upset (SEU) specifications 1s now under consideration, brief sention of these two redistion
environzents is also included. The principles discussed gre opplicable to both bipolar and KOS silicon
transistors and integroted circuits, end to devices code froo golliuo arsenide and other seniconductor
caterials. They hove, furthercore, been presented in tercs of the intrinsic perforconce characteristics of
the part indepencent of eny systen in which it cay be used. For RIL-STO specifications, the levels shown in
table 1 are used as reference points. The general principles oy be applied to systen specitic
requirecents.

1.3 LAT end-point Llinits. The procedures for ceasuring radiotion response charocteristics and for
calculating LAT end-point Lipits ere discussed in teros of ports whose design and preduction processes are
cature. That is, these guidetines do not attecpt to discuss the case where the part is atill under
developoent and its characteristics are still undergoing change. It is recognized that this Latrer case is
icportant ond occurs frequently because cysten designers are interested in cbtaining the cost advanced parts
for their systecs. The process of cbtaining LAT end-point linits for such parts, however, involves testing
and iterative end-point odjustzents by the part canufacturer ond the systen parts engineers and designers
wvhich vould be difficult to forculate ns a set of generalized steps vhich coutd be applied to o variety of
systen needs. Because NIL-STD procurecents of RHA devices use attribute Lot Tolerence Percent Defective
{LTPD) LAT tests exclusively, the end-point lioit discussions here ecphasize LTPD tests.

1.4 Lov yield devices. 1f sacple costs ore affordable, the LAT cethods discussed will be perforced on
sazples of the devices thenselves. In the case of Very Large Scale Integration (VLSI) devices for which
enly low yields can be achieved, one pessible option night be to use devices for LAT which are acceptable
froa an electrical perforcance standpoint but do not oeet all the norcal visual acceptance criteria. Such
devices are said to be selected according to "olternate” visunl criteria. Another possible opticn night be
to use test structures for LAT which hove been processed on the saze wofers as the Lot under consideration,
By test structures ore ceent sicpler pnd tess expensive nicrocircuits wvhich have been designed specifically
to correlate with the rodfation response characteristics and failure levels of the subject VLSI circuit;
rediastion tests ocn the test structure can then be used to esticate the perforcance characteristics of the
VLSI circuit. The use of test structures for LAT cannot be recoc=ended until data and experience show
definitively that test structure responses correlate reliably with the octual devices.

1.5 Generic qualification prograa. A fundozentally different approoch to quality assurance, froo that
based costly on testing the end product, is now being icplemented. An overly sicplified description of this
approach is to say that it is based on tests which wilt continuously ceosure the quality of the starting
caterfals and of the production process itsslf and ollow the coterial purity and the process to be
controlled so that overall quslity ts not only maintsined but §s itproved vith tice. This epprosch, vhich
uses o Qualified Manufocturers’ List (QNL), i3 not yet in place ond the way in which hardness casurance will
be achieved under it has not yet been deterpined. With respect to the oilitary standard procurecent or
"JAN" systen this approoch is also terced “Generic Quolification™ {GO) becsuse it will allow o vendor to
qualify o particular production Line and then to ship a voriety of part types froa that Line without having
to qualify each new part type separately (as is required under the present qualified parts List or QPL
ochece). GQ will be icportant because it is expected to icprove rodiation response uniforoity over extended
periods of tice. Figure 1 ahows soce of the festures of the proposed generic gquolification systen. A new
draft controlling docucent has recently been issued by Rome Air Developoent Center (RADC) (see MIL-1-38535).
Thie docu=ent includes RMA requirecents in all the sppropricte sections but does so only in general tercs.

A "strowvcan® plan entitied: “Rethodology for Including Rodiotion Hardness Assurance in the Generic
qualification Progran® is presently undergoing review.
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FIGURE 1. Proposed generic qualification systenm.




2. APPLICABLE DOCUMENTS

2.1 Governoent docuzents.

2.1.1 Specifications, atandards
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and handbooks. The following specifications, standards, and handbooks foro

F e

s part of this docuoent to the extent specified herein. Unless otherwiss specified, the issues of these
docuzents are those Listed in the issue of the Depertcent of Defense Index of Specifications and Standards
(DOD1SS) and supplement thereto, cited in the solicitation.

SPECIFICATIONS
MILITARY
DHA-TR-B4-220-V1
DNA-TR-84-220-V2
ONA-TR~81-90
nIL-5-19500
MIL-N-38510
STANDARDS
MILITARY
MIL-STD-750
MIL-STD-BB3
HANDBOOKS
MILITARY
ONA 590%9F
DNA S91OF

NIL-HOBK-279

MIL-HOBK-2B0

MIL-HDEX~33F(USAF)

n1L-HDBK-B14

AFUL-TR-86-26
ONA-TR-86~-29
DNA-TR-84-38

HDL-CR~81-015-1

HOL-SR-B6~-1

Hardneas Assured Device Specifications for Moderote Requirements.
Hardness Assured Device Specificotion a 4K X 1 CMOS/S0S Stotic RAM.
Hargness Assured Device Specificotions,

Seniconductor Devices, General Specification for.

Microcircuits, General Specification for.

Test Methods for Seoiconductor Devices.

Test Hethods and Procedures for Microelectronics.

Total-Dose Hardness Assurance Guidelines for Seniconductor Devices.
Piece Part Heutron Hardness Assurance Guidelines for Seoiconductor Devices.

Total Dose Hardness Assurance Guidelines for Semiconductor Devices and
Microcircuits,

Neutron Hardness Assurance Guidetines for Seniconductor Devices and
Microcircuits.

Custon Large Scale Integroted Circuit Developoent and Acquisition for Space
vehicles.

Total Dose and Neutron Hardness Assurance Guidelines for Seciconductor
Devices and Microcircuits,

Guidelines to Hardness Assurance for Muclear Radiation.
Dose Rote Hardneas Assurance Guidelines.

Herdness Assurance Guideline for MIL-HDEBK-339 (USAF} Custom Large Scale
Integrated Circuit developsent and Acquisition for Space Vehicles.

Design Guidelines for Transient Radistion Effects on Tactical Aray Systeos.

Muclear Hardness Assurence and Hardness Maintenance for Aray Yactical
systens: Part 1. Initisl Nuclear radiation, Thercal Radiation, and Air Blast.

{Unless otherwise indicated, copies of federal and oilitary specificotions, standards, and handbooks are
svailable froo Defense Printing Service Detachzent Office, Bldg. 4D {Custocer Service), 700 Robbins Averwe,

Fhiladelphia, PA 197111-5094.)
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2.1.2 Other Government documents, drawings, and publications. The following other Government documents,

dravings, and publicaticns form 2 part of this document 1o tha extent

ecifi herein. Unless otherwise

specified, the issues are those cited in the solicitaticn.

SCR-607

-  Factors for Qne-Sided Tolerence Limits and for Variables Sampling Plana.

(Copies are available from U.S. Uepartwent of Commerce, National Technical Information Service.)

HDBK

-  Experimental Statistics.

(Copies are available from the U.S. Government Printing Office, Washington, 0C 20402.)

2.2 Non-Government publications. The following docusents form a part of this document to the extent specified
herein. Unless otherwise specified, the issues of the documents which are DOD adopted are thase Listed in the
issue of the DODISS cited in the soticitation. Unless otherwise specified, the issues of documents not listed
in the PODISS are the issues of the documents cited in the solicitation (see 6.2).

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

1989 Annual Book of ASTM standards, Volume 12.02, Nuclear, Solar, and Geothermal.

1989 Annual Book of ASTM standards, Volume 10.04, Electronics.

{(application for copies should be addressed to the American Society for Testing and Materials, 1916 Race
Street, Philadelphia, PA 19103-1187.)

3. ACRONYMS, DEFINITIONS, AND SYMBOLS

3.1 Acronyms used in this standard. The acronyms used in this standard are defined as follows:

ASTM

DESC

DNA

Dop

EPL

ERRIC

ESD

GQ

LET

LTPD

MIL-STD

MIL-HPBEK

HOS

1

]

American Society for Testing and Materials.
Defense Electronic Supply Center.

Defense Nuclear Agency.

Department of Defense,

End-Point Limits,

Electronics Radiation Response Information Center.
Electrostatic Discharge.

Generic Qualification.

Hardness Assurance.

Joint Army Navy (military standard).

Lot Acceptence Tests.

Linear Energy Tronsfer produced when a high energy jonizing particle traverses a solid.
Lot Tolerance Percent Defective.

Military Standard.

Military Handbook.

Metal Oxide Semiconductor.
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NASA - Nationol Aeronautics and Space Adainistration.
SPAMAR - Spece and Haval Worfare Systecs Cocmand.
PIPL -  Ppost-Irradintion Parameter Lioit, the saoe as RHEPL in this docupent.
" - Process Monitor.
as - @Quality Assurance.
act - Quality Conforcence Inspection.
an - Quality Manageoent.
(8 - Gualified Manufecturer's Liat.
QrL - @ualified Parts Lint.
QRA - Quality and Reliasbility Assurance.
RADC -  Rooe Afr Developoent Center.
RHA - Rediation MHardneas Assured or Rndistion Hardness Assurance.
RHEPL - fadiatfon Hardness Aasurance End-Point Linit,
SCo - Specification Controt Orawing.
SEC - Standard Evatuation Circuit.
SEP - Single Event Phenooens.
SEU - Single Event Upset.
siD - Selected Iten Orawing.
sno - Standardized Military Draving.
SOCH - Source Control Orawing.
SPC - Statistical Protess Control.
STO -  Stendard.
TCl - Technology Conforcance Inapections.
TV -  Technology Characterization Vehicle.
VLS1 - Very Large Scale Integration.
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3.2 General usage for definitions and symbola. To make this report easier to read for those who wiil need
to refer to it only infrequently, an attempt has been made to devise a mathematical notation which is more self-
explanatory than the notations used in other recent reports related to hardness assurance. This notation is
used in the definitions listed in this section and throughout the rest of the report. As an example of the
differences, the present notation uses MEAN(PAR) and GMEAN(PAR) for the measured arithmetic snd geometric mean
values, respectively, of a parameter; in several other reports an overline on the word PAR is used to indicate
the arithmetic mean value and PARy, is used to denote the geometric mean value. Conversions to the other
notations, if necessary, should present no difficulties. The following is a list of specific definitions:

Absorbed dose - The absorbed energy usually expressed in rads.

c{lower case) - The acceptance number in an LTPD test.

Confidence level - The chance of rejecting a lot where there is less than prcobability P that any
part from the Lot can pass the test conditions.

Device specification - The contractual document to which an electronic device is either sold or
purchased.

biffusion lot - A get of wafers heated at one time in one diffusion furnace,

Doge - See Ionizing Radiaticn Dase.

bose rate - Rads per second due to ionizing radiation.

Exp(x) - Hapier's constant, e, to the X-th power. Please note that an exponent can only

be a pure number. Therefore, if the notation shows a variable that has a
dinension (such as an jonizing radiation dose expressed in rads, for example)
as an exponent, it should be understood that the exponent has been nade
dimensionless by dividing it by a quantity having a value of one but with the
same dimensions as the variable in question,

Fluence - The accumulated number of irradiating particles per square centimeter.

Goodness of fit - The degree to which a measured probability distribution fits the assumed
distribution; the CHI-square test s commonly used to determine the goodness
of fit.

Gray 2 10,000 ergs of absorbed energy per gram; equals 100 rads.

i(lower case) - The subscript used to label the i-th device in a sample of devices.

I{upper case) - The subscript used to label the I-th tot in a sample of lots.

In-flux - Measurements wade on a device while it is being irradiated.

lonizing radiation
dose - The accumulated ahsorbed energy in rads or Grays due to ionizing radiation.
JAN parts - dAN parts are Listed in the Qualified Products List {(QPL) and undergo scheduled
periodic audits by the qualifying activity to MIL-M-38510 and MIL-STD-883
requirements. The JAN part takes precedence over the Standardized Military
Drawing (SMD) part.

TL(n,C,P) - One-sided tolerance limit. This factor takes into account the certainties
resulting from small sample size statistics. It is applied to normal
distributions as follows: For & sample size n, if MEAN(PAR) and STDEV(PAR) are
the measured mean and standard deviation respectively for paremeter PAR, then
with confidence ¢, there is a probability P, that future measurements of the

parameier PAR will be less than:
MEAN(PAR) + KTL<"' €, P) * STODEV(PAR)

or larger than:

MEANCPAR) - KpLin, €, P} * STDEV(PAR)

LNCX) - The natural logaritha of X. Please note that the argument of a logarithm can

&




Lot

Lot acceptance test

REAN(X)

GREAN(X)

e.9., MEAN (LK (PAR (RAD))]=

TECHNICAL LIBRARY

MIL-HDEK-B16

onty be a pure mumber. Therefore, if the notation shows a logaritho of a
varisbie that has a dicension (such as en ionizing redistion dose expressed in
rods, for exacple), it should be understood that the argunent has been eade
dipensionless by dividing it by a quantity having a value of one but with the
sace dipensions as the varisble in question.

The popuiation of parts from which & sacple has been taken,

The testing of a sacple of parts froo b tot to determine vhether the lot is
acceptable or not.

The arithoetic cean value of X.

n
mean a0t Y x g
M ied

n
e.g. MEAN [PAR CRAD)Ia) Y PAR (RAD)
fia1

The geocetric (or logaritl;aic‘) cean value of X.
Y i (PAR ((RAD D)
e

GMEAN(X)} = EXP(MEAN(LN(X})

¢.g., GHEAN(PAR(RAD)) = EXP(MEAM(LN(PAR(RAD)))

n(lower case)
N(upper case)

Nor-RHA devices
Standard devices

Nonstandard devices

Not-in-flux
OSTL

Plupper case)

Plﬂi
PAR,-‘(RAD)
Phi(spec)

RAD

The ruzber of devices ih n sacple of devices.
The nu=her of lots in » sacple of lots.

Parts that have not been tested with radiation or parts that fail the radiastion
test criteria.

Parts that oeet the criteria for oilitary standard (MIL-STD or JAN)
specifications or for Standardized Military Drawings (SHD).

Parts that do not ceet the criteria for Nilitary Stendard (RIL-STD or JAM}
specifications or for Standardized mititary Orawings (SMD). There are three
types of nonstandard parts that are used for ailitary procurecent. They ere
as follows: a) Selected Iten Drovings (SI1D), b} Source Control Drawings (SOCD),
and ¢) Specification Control Orawings (SCO).

Measurecents oade on a device vhen it is not being irrodiated.

One sided tolerance linit,

The probability that any part froo a lot can pass the test conditions; also
called the piecepart survival probability.

The pre-rad paraceter value ceasured for the i-th device.
The post-rad paraceter value pensured for the {-th device.
The radiation level required in the device specificstion for lot acceptance

tests.
Equals 100 ergs of shsorbed energy per groo.
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Radiation hardness
Bgsurance - The application of methods and procedures during the procurement of an
electronic system to ensure that the radietion response of the system is within
known and acceptable limits.

Radiation hardness
maintenance: - Procedures applied during the deployment phase to ensure that the system's
operational procedures, maintenance requirements and aging characteristics
oaintain the system's hardness. These procedures include tests and
inspections.

Radiation hardness
surveillance - Periodic inspection and testing during the (ifetime of deployed systems to
ensure that, within acceptable tolerances, the radiation responses of the
systems remain adequate for mission completion.

RHA devices - Parts labelled by letter designators which indicate that the part type has
passed lot acceptance tests based on a sample of devices tested to the device
specification radiation levels.

Selected item drawing - A specification that is written egsinst any standard part when the system
design has a critical requirement not covered by the standard part
specification (JAN or SMD). The acronym for this term is SID.

Standardized military

drawing - A specification written for parts which are listed in MIL-BUL-103 and for which
DESC has a certificate of comptiance to MIL-STD-B83. Approved sources of
supply are listed on this drawing. Periodic compliance verification audits are
performedata do not contain any faulty measurements or nonrandom effects. The
data should be examined also for sufficiency. Data exsmination is all the more
important when a significant amount of time has elapsed betwesn the
characterization measurements and the data analysis or when the person or
organization undertaking the data analysis is different from the persons who
took the data in the first place. Some of the most common reasons for
suspecting that data may be bad are discussed below.

4. GENERAL CONSIDERATIONS

4.1 pevice performance in the radiation environment. HMeny military amd civilian electronic systems must
operate reliably in radiation environments. The design of such systeas therefore requires that the performance
of the individual component semiconductor devices in radiation environments be characterized. The production
of the systems then further requires that the parts purchased for production have characteristics at \east as
good as those on which the deaign was based. These guidelines discuss how to characterize the performance of
sepiconductor devices in radiation environments and how to chtain hardness assurance through device procuremsnt
specifications based on the characterization data. Applications to an existing system of Military Standard
(MIL-5TD or JAN) detailed specifications for Rediation Hardness Assured (RHA) devices are emphasized but the
discussions may be applied also to other part specifications. Radiation hardness assurance is generally
achieved through the use of Lot Acceptance Tests (LAT) in which parts from the lot being purchased are
irradiated and tested. Because the MIL-STD Lot acceptance tests rely largely on pess-fail tests in which a
part's performance is compared to a specified end-point limit, these guidelines discuss, specifically, how
Radiation Hardness Assurance End-Point Limits (RHEPL) for such tests should be calculated from the
characterization data.

4.1.1 Degrading effects of radiation. The performance of semiconductor devices can be degraded by exposure
to radiation which produces icnization or displacement damage, Depending an the type of radiation incident on
the device, the rate at vhich energy is shsorbed, and the total accumulsted epount of ahbsorbed energy, the
device performance can be degraded permanently or temporarily. Examples of temporary degradation are: (a)
circuit upset due to the instantaneous photocurrent produced throughout the device by a short pulse of high
intensity ionizing radiation or (b) circuit upset due to the collection of charge from a single, Local, ionized
particle track passing through the device, Upsets due to photocurrents are commonly called dose rate upsets;
upsets due to the collection of charge from single ionized tracks are called Single Event Upsets (SEUs),
Examples of permanent damage are: (a) device failures due to atomic displacements produced in the semiconductor
(usually by neutrons), (b) failures due to trapped charge in insulsting layers, which are present in most
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devices, produced by ionizing radiation, or {c} latch-up o Lurnout produced by photocurtents o by single
jonized tracks. Trapped charge e¢ffects are socetices colled fonizing radistion dose effects or totsl dose
effects. However, because of tice dependent effects after irradiaticn, specifying the total dose is not
considered odequate for describing these effects.

4.1.2 Radiation hardness sssursnce. 1t nondestructive electrical oessurenents alone could be used to predigt
the perforoance of a part type in a radiation environzent, then the hardness assurance probien wouid be iargeiy
solved. One of the cases vhere such peasurecents have proven useful has been that of using transistor current
gain-bandwidth product, ft' ceasurepents to s¢reen out (by requiring ’t to be above sooe ainicun value) parts
which would be extra sensitive to neutron displacecent dacage. For fonizing rodistion dose, it is necessary
to use actual radiation testas to assure the radiotion response of & part. In practice, radiation hardness
assurance is achieved cost coconly through the use of LAT which are perforced on the lots that are being

purchased,

4.1.3 Dose rate tests. For the dose rate upsets discussed previously, if sufficient care is used, radistion
tests can be nondazaging. Thus, parts which have been tested can be used for production. In this case 100
percent of the parts to be used for systez production can be tested (screened) ond o high degree of assurance
can be cbtained that the parts will ceet systen requirenents. Caution o stitl required, becnuse there exists
soce possibitity, especially for cocplex nicrocircuitn, that the screening tests conducted will not have covered
the worst case conditions or exercised sli possible paths. Report nucber DNA-TR-86-29, 14 Novecber 1985,
entitled: “Dose Rate Hardness Assurance Guidelines,® cay be consulted for & detailed discussion of this problen.

4.1.4 Displacerent dacage, steady state jonization and single event upsets., for displacecent dacage, steady
state fonizration effects, and single svent upsets, the radiation tests are dacnging and it is generatly not
possible to use the tested parts in the systen. The use of dasaging radistion tests tlus produces the centra{
problen of hardness assurance, nacely, that esticates of the gurvival probability of the parts to be used in
the systen cust be based on statistical inference froo o tested sacple of parts which are degraded by the tests
and therefore cannot be used {n the systen. This problen is cocpourdied by the fact that production processes
can vary so thet the currently produced radiation hard parts cay not be typical of those that were ceasured in
the past. This case, wvhich is co——on, hos been carefully reviewed by both users and ocamufacturers of
seciconductor devices. The consensus opinion is that, if no additional inforcation is available, the degree
of hardness assurance obtained fron the deteiled specification is Linited statistically to that provided by the
rodiation LAT or Quality Conformance Inspections (QCI) that are perforped (the tero 0C1 is reserved for tests

perforced by the canufacturer before the tot is approved for shipoent).

4.2 nIL-STD procurecent systen. [n order to cake high reliabiiity hartdness nssured devices availabie to
designers and canufacturers of systens, the existing MIL-5TD procurecent systen wos augtented a few years ogo
to include RHA seoiconductor devices. At the present tice, JAN RHA parts are labelled by letter designators
vhich indicate that the part type has passed lot acceptance tests based on a sazple of parts tested at the
radiation levels shown in table 1.

4.3 Lot scceptance tests. Lot ecceptance tests are used in the BIL-STD systea for deteroining wvhether a
production lot is of high enough quality co that it can be shipped by the vendor. The tests are of »
statistical nature and fall into two general categories; (a) sttribute tests and (b) variables tests.

4.3.1 Attrjbute variobles tests, Attribute tests are the tests cost often used in the MIL-5TD procurecent
systen. For this reason, these guidelines will be directed st the use attribute tests for Lot acceptance.
Variables tests, on the other hand, are often used for quolifying and asccepting system production parts and,
for such use, ooy depend on the particular hardness assurance and derating procedures that the given systen is
using. Varfables tests, therefore, core properly should be discussed as pert of a systen hardness assurance
guideline docuzent and, for that reason, are not discussed in detail here.
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Hardness assurance levels
Letter designator* Ionization effects** Neutrons**t
/ NO RHA KO RHA
" 3 X 10° rad(SI) 2 x 1012
0 1 x 10* rad(sD 2 x 1012
R 1X 10° rad(sD) 2 x 10'?
H 1 x 10% rad(sn 2 x 1012
* For microcircuits, the letter designator for RHA parts replaces the slash in the part number;
e.g., 38510R291A in place of 38510/297A. For discrete devices it is a suffix, e.g., JANTXVR.
x At a dose rate of 200 rads(SI1)/SEC plus or minus 100 rads(S1}/SEC.
ik 1 MEV silicon displacement damage equivalent neutron fluence,

4.3.2.2 Advantages and disadvanteqes of attribute tests. An advantage of the attribute tests is that the
data collection and analysis are simple and relatively inexpensive. A further important advantage is that the
test is distribution free (i.e., no assumptions are required about probability distributions). However, a major
drawback is that the tests require inordinately large sample sizes if significant survival probability
requirements are imposed. For example, to check with 90 percent confidence that a lot has at Least 99 percent
survivable parts, i.e, that the LTPD is 1 percent or less, it is necessary to test a sample of at least 231
parts with no failures. It is interesting to note that attribute tests can be applied to attributes that can
assume more than just the two values of pass or fail. Acceptence criteria for lots cen also be based on a mix
of attributes that may be desired (e.g., with confidence C the probability of a given attribute must be between
49.9 percent and 50.1 percent).

4.3,1.2 7The n/c test. The most common type of attribute test is the so called n/c test where a sample of
n parts is tested and if more than ¢ of the parts fail the test then the lot is rejected. The significant test
result for each part is the attribute of pessing or failing and hence the term attribute test. The usual
failure criteria for parts are: (a} functional failure or (b) deterioration of any critical parameter past an
acceptable Limit.

4£.3.1.3 HNultiple sampling. Some attribute tests allow the drawing of extra samples if lots fail on the first
try {multiple saampling plans). A common multiple sampling plan used in the MIL-STD system, for example, is a
test af 11 parts where the Lot is passed if there are no failures. Then, if there is exactly one failure, an
additional seven parts may be sampled and tested with no further failures allowed. 1f there is a total of two
or more failures, the original lot is rejected.

4.3.2 confidence and probability. The results of the MIL-STD attribute Lot acceptance test are phrased in
terms of a confidence € which iz the chance of rejecting & lot uvhere there is less than 2 probability P that

a gence ' = A1 2 oL HENt REEZ W TeE2 T .

any part in the lot can pass the test conditions.

4.3.2.1 usual confidence and probability. In the MIL-STD system, the significance of an n/c attribute test
is ususlly given in terms of 90 percent confidence and a quantity called the Lot Tolerance Percent Defective
(LTPD} which may be found, for exemple, in MIL-M-3851D, the general specification for microcircuits. These
tests are, therefore, commonly alsc referred to as LTPD tests. Thus, for example, the LTPD associated with an
11/0 LTPD test may be found in the table to be 20 percent. An 11/0 LTPD test will therefore provide 90 percent
confidence that a lot with 20 percent defective parts or greater witl be rejected. In terms of the probability
P mentioned in 4.3.2, LTPD equals 1 pinus P.

10
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4.3.3 varisbles tests. Variables LAT tests oceasure a post-irradiation paraseter and epply statistical
analysis using ppproxicate or exsct probability distributions to describe the varisbility of that paraceter
(hence the tern varisbles). Usually pre-irradiastion values are atso oeasured and they often figure in the
analysis {e.g., vhen the quantity of interest is the change in the peraceter, socetipes referred to also as the
paraceter "delta™). Soocetices the variable of concern is the stress to failure.

4.3.3.1 advantsges and disadvantages of variables testa. The ooajor advantage of vorisbles tests is that o
high probabitity requirecent cay be icposed even if the sacple size is only coderate (typicaily 10-50 parts).
A disadvantage is that the ceasurecents and snalysis are generally core cocplex and expensive. The eajor
disadvantage, however, is that assurptions cust be coade about the probability distribution governing the faiture
of purn. 11 the distribution is very well known, then this technique can yield high probabilities with high

Aamna o Lhmssmism ia cim b b ATEET ik Cram: o B - = o
conf idences. TIWGVEr, it is Ususily ditTiicult 1o Xnow the vfnua of the distribution s:z‘arately .'.’:erefcre,

extrapolations to excessively high probabilities (such ss 0.999) based on experience with only o fev parts cust
be regarded with skepticisn. It is icportent to note that, for soce kinds of electronics effects (e.g., latch-
up), there is very Little relioble inforcation abour the nature of the governing probebility distributien.

£.3.35.2 Varisbles tests depend on tolerance Linits. Variables tests depend on tolerance Lioits which cust
be cocpared with the given specifications for the paraceter or stress. A lot is rejected if the paraseter in
guestion deteriorates beyond an scceptable Llioit (or if the stress to failure is below the required
specification). The tolerance Linits are chosen such that with confidence ¢, the probability is at least P that
parts witl not fail the test.

§.3.3.3 Confidence and probability for variables tests. There s o confidence € of rejecting a lot if there
is less than probabitity P that any part in the lot will ceet the specified psraneter (or stress) tolerance
tinit.

4.3.3.4 Llognoreal disteibution. The cost coz=only assused distribution for the testing of electronic parts
is the lognorcal distributfon (in the lognorcal distribution it is the logaritho of the quantity that is
norcally distributed). The norpal distribution is also frequently used. Other probability distributions which
have been suggested for sooe circunstances are the Veibuli distribution and the extreme value distribution.
i1f enough parts have been tested, the characterization dats can be exanined, perhaps with s chi-square test,
to see vhich type of distribution fits best,

4.3.3.5 Ranifications to variasbles teats. As in the case of attribute tests, there are cany renifications
to the use of variables tests. In some cases (e.q., step-stress tests) the uncertainty in the ceasured
paraseter or stress can be of icportance. In other cases 0 two-sided tolerance Linit cay be of icportance.
Because RIL-STD device specifications use attribute LTPD tests alcost exclusively, this document will not
address the ways in which variables tests cay be used. It should be recognized, however, that, vhen systeos

require very high piecepart survival probebitities, varisbles tests for Lot scceptance pay becoce necessary.

4.3.4 Sacpling statistics. The word confidence, as used here, refers strictly to sacpling statistics and
is the chance of rejecting a lot vhere there is lesa than a probability P that any part in the Lot can pass the
test conditions. The general prectice is to take this confidence as the confidence that shipocents will be
acceptable, This Latter use of the word confidence is a catter that is being discussed in the still sooevhat
controversial subject of Bayesian statistics and is beyond the scope of this docucent. The icportant point is
that the latter confidence cay only be approxinated and involves jdg:ental decisions. A co=mon practice in
hardness assyrance is to take the sazpling statistica confidence as the confidence that atcepted parts will
survive. This is an approxisation vhich, though usually valid, cay socetices leod to error. FPerhaps the best
justification for such an approxfcation is that ft is uvsually not the cajor factor wvhich Lioits the eccuracy
and confidence levels associated with systeo survivability esticates and risk sssesscents. Often, a core
difficult problen, for exnmple, is siculotion fidelity {(does the test accurately represent the thrent
environzent that is specified for the systen).

4.3.5 . Reasonability of risk sasesscent results. The cajor point of the above discussions is to show the
approxicate nature of risk assesscent. Excessively high survival probabilities, such &s, for exacple, a
survival probability of 0.999999 (20 colled 6~nines) cay be unrelisble for a nucber of reasons. First of all,
such nucbers can only be obtained from extrapolations besed on an exact knowledge of the probability
distribution, However, becsuse radistion tests use oodest nu-bers of parts and the parts which are tested
cannot be used afterwards, knowledge of the assumed prebebility distribution is never adequate for such
extrapolations. Thus, for exacple, soce accidental occurrence during the production of the parts oay, with a
probability exceeding 1 oinus 0.999999, produce a part vhich does not fit the probability distribution assuzed

"
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for the sajority of the parts; the presence of such parts cannot be detected with confidence by the sample sizes
which are typical of radiation tests. At the &-nines level also, human errors in making measurements or in
handling the parts can become a significant failure mode which is totally outside the assumed causes of part
failure.

PERFORM PRE-RAD MEASUREMENT

PERFORM IRRADIATIONS

!

PERFORM POST-RAD MEASUREMENTS

!

RECORD AND OOCUMENT PRE-AND POST-RADIATION DATA

¥

SELECT DESIRED LOT ACCEPTANCE PROBABILITY AND CONFIDENCE
LEVELS FOR LTPD TESTS

MEASURE DEVICE
CHARACTERISTICS

(RHEPL}

CALCULATE RHEPL FROM CARACTERIZATION DATA

'

INCORPORATE THE RHEPL VALUES AND LTPD TESYT REQUIREMENTS
INTO THE DETAILED SPECIFICATIONS

i B

h
COORDINATE DETAILED RHA SPECIFICATION

¥

INCORPORATE RHEPL AND PUBLISH THE DETALILED RHA
SPECIFICATION

END POINT

CALCULATE RHA
LIMITS

"FIGURE 2, Flow diagram for characterizing and specifying the performance of semiconductor
devices in a radiation environment.

4.4 Part characterization. Figure 2 shows the major steps by which characterization data is measured and
used for caltculating the RHEPL which are then used in the device procurement specification for radistion
qualification and LAT. An important point shown on figure 2 is that an objective must be selected for the LAT
(or QCI) tests and that the RHEPL are then calculated to meet that objective (the acronym PIPL, standing for
post-irradiation parameter Limits, is also used). Thus, for example, the objective could be to set the end-
point limits so that, with 90 percent confidence, at least 90 percent of future lots may be expected to pass
a 22/0 test. Pre-rad measurements are essential when the change (delta) in the value of a parameter is of
greater interest than the absolute value of the parameter. Although they may not be essential when the absolute

12




TECHNICAL LIBRARY

NIL-HDBX-816

value of the paraseter is the icportant quantity, they are neverthetess highly desirable. Figure 2 amd
subsequent discussions, therefore, include pre-rod ceasurecents as part of the characterization procedure.

4.5 Considerations beyond the scope of this docuzent.

atir itignal padi on and nonradiation inforomtion, 1f inforoation is ohtatned in

14
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addition to that provided by the given LTPD test against the RMEPL mtained in the detailed device
specification, then, for particular systeo spptications, there are several cethods by vhich RHA part survival
probabilities can be obtained vhich are higher than those vhich correspond to the LTPD test alone. These
ocethods include: The use of the next higher radistion level RHA pert, radiotion overtests, the use of lot
rejection inforcation, the use of variables testing for LAT, end the use of derated peraceter values. As an
exo=ple, cost systems canufacturing cocpenies are already feailior with use of derating factors for tecperature
end aging. Radiation derpting factors cay be used in cuch the sane way and can thus be fitted into existing
practices. These cethods properly belong in a docuzent on systen levet hardness ossurance and are not further
addresaed here.
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4.5.2 Further Eg x questions. The ntatintical questiom involved in hardness assurance and iot scceptance
tesis range in cocplexity Troo cases for vhich the I!Tl:uy'ln osthods are relatively .lrunwluunmuu to thoss for
which the required forcalisn {s still being developed. In the torcer instances, these guidelines provide simple
step by step procedures that cay be used for the snalysio of the characterization data. In the latter
instances, which are beyond the acope of this docusent, these guidelines can only suggest approaches vhich are
overly conservative or recocmend that statisticians be consulted for less conservative but still valid analyses.
In the latter category are cases vhere the vithin-lot variations are cocparable to lot-to-lot varistions (in
this case the definition of sacple size can becoce uncertain), coses of cocbined environnents or cosbined
paradeters, and cases vhere not encugh data is available. The 1987 paper by Nacenson and Aricura, Liated in
2.2, cay be consulted for an approsch to cultilot and cultipereseter data analysis.

5. DETAILED REQUIREMENTS

5.1 Cheracterization of pietepart perforcance in radistion environoents (see figure 3). The first step
required for developing a device specification is to characterize the radiation response of the part type in
question. Such a characterization for one or core redistion environzents requires ceasurecent of its post-
irradiation perforcance and, usually, its pre-irradiation perforcance as well. The parts, generally, chould
be characterized through to failure so that the specifications can be written, if necessary, for the maximm
capability of the part type. For the present discussion it is assuced that the purpose of the characterization
cCeasurecents is to support the calculation of paraceter end-point Linits for qualification and LAT tests ina
MIL-STD detailed specification and that satisfactory data for the part type in question does not already exist.
In this case, the cherecterization ceasurepents should be such as to peroit these calculations to be made for
the radiation levels given in table I. Alternatively, the characterization ceasurecents cay be required in
direct support of a hardened systen design or production (custoo specifications). In this latter case, the
paraceters vhich are cossured and the types and fluence Levels of tha rodiations vhich are vsed should reflect
the systeo requirecents and the specific vendors who ore expected to be suppliers for the systew. The
characterization ceasurecents should also deternine the radiation levels required to couse part failure; such
inforcation can be icportant for esticating the design wmorgin when the part is used in soce particutar
application.

s
To sicplify the present discussion, we assuce that the averpge post-irradiation perforcances of & part type may
differ for different canufacturers and, for a given canufocturer, coy differ froo one Lot to onother, but that
the average radiation response characteristics of a part type, for a given canufacturer, do not significantly
change wvith tios. Thia latter assurption coy not olways be warranted. 1t io needed to keep the initisl

discusaion of data cessurecent and amliais free of the additionol cocplexities that tice varintions &a.

5.1.1 Documentation of cheracterization inforcation. Experience has shown that the snalysis of radistion
data at a future tice or by persons other thon those who perforced the ceasurecents is enorcously facilitated
by good docuzentation of the test results. At the sace tize, & need to enalyze previously acquired dato or dats
acquired by others is coc—on. For these reascns and because nev Deasuredents ore costiy, these guidelines
reco—end that the overall characterization ceasurecents be su——arized in & cheracterization report and thet
the conditions under which the ceasurepents were cade be docucented in a test plan which is included in the
characterization report. These docucenta should furthercore be sufficiently cocplete so that independent data
enalyses can be perforced an the resutts conteined therein.

13
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5.1.7.1 ¢th terization report. The steps required to characterize the performance of a part are shown on

aral e a part are s T O
figure 3 and discussed in the sections that follow. In general, the discussions identify the deC1s1ons that
have to be made and the factors that should be considered for each topic. The information developed in these
steps is then to be documented in the characterization report. Sozme of these items will also be listed in the
overall test plan for the measurements. This approach preserves all the information that is developed in the
program but keeps the test plan as short as possible. A check-off list of all the steps required for the
characterization measurements is given in table I1I.

A |iEL|-:cr LOT FOR TESTING ES

SELECY SAMPLE PARTS

 SELECT ELECTRICAL PARAMETERS |l

—_
a
O
a.
tl | PERFORH PRE-RAD MEASUREMENTS |
L& . | I j
g ]
= [ Recoro ata ]
b
[ ]
—
a
uJ
= TEST
=t PLAN
b |SELECT {ARADIATION CONDITIONS |
o
< YES
o PERFORH IARADIATION F—a
ADDITIONAL
[isnronn POST-RAD ﬁEASUREHENT?l IRRADIATION?
RECORD DATA ]

| ECORD D -

i ;
DOCUMENT IN THE CHARACTERIZATIONREPORT: PART IDENTITY,

MEASUREMENT CONDITIONS, AND PRE- AND POST-IRRADIATION DATA

FIGURE 3. Flow digrem for characterizing the performance of semiconductor devices in a
radiation
environment,
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TABLE 1I. St st rocedure for characterization ceasurecents.

10.
n.

12.
13.
",
15.
16.
17.

18.
19.

Check-off iten
Start preparing the characterizstion report. The characterization report will docuzent the
inforoation issuing froa steps 2 through 25.
Identify the canufacturer.
Specify a way of selecting & rendoo sacple.
Specify sacple size and distribution in tice.
Select the sacples; include extro parts for equipeent checkout.

Record device identity for each sacple device; include tracesbility to process lot if
spplicable.

Setect radiation environzents.
For each radiation environoent, select test paraceters.

For each paraceter, select test conditions; if possible, poest rad conditions should be the sase
as the pre-rad conditions. Include location in test cell, bias conditions, ete.

Specify a date foroat.

Start preparing the test plan. The test plan will be a subsection of the characterization
report that will docusent the inforcation issuing froo steps 12 through 24.

Perforo pre-rad cessurepents

Exanine peasurepent resutts for bad devices or data outliers.

Replace bad device or repest ceasuresent, whichever is indicated.

Record ceasurenent conditions and results according to the specified data forcat.
For each radiation environzent, select irradiation facility.

For each radiation environcent, specify irradiation conditions, and device operating conditions
during the irradiation.

Esticate device failure levels including possible abrupt failures,

Specify irradiation step-stress fluences or dose rates to ensure an adequate set of
ceasurecents,

As required, check out the irradistion procedure, test fixture, and cessuring equipcent with
spare parts.

Perforo radiation exposures end record irradiation conditions.
As required, perforn in ftux or post radiation ceasurecents.
Exanine ceasuresent results for bad devices or data outliers.
Replace bad device or repeat ceasurecent as indicated.

Record post irradistion peasurement conditions and results in the characterization report
according to the specified data forcat.

Transfer data to the ERRIC DNA data bank (see 5.1.12.2).
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5.1.2 Selection of manufacturers. For a selected part type, the potential manufacturers to supply that part
for government procurement should be identified. If the part type is already a JAN type, the QPL will serve
as a starting peint. OESC and the preparing activities for the military standard procurement system (RADC,
SPAWAR, and HASA) should be consulted, however, to Learn whether additicnal vendors might be in the process of
qualifying for that part type. If the part in question is to be supplied to a Standardized Military Drawing
(SMD) or other government specification, then the List of vendors will need to be obtained either from DESC or
the cognizant project office.

5.1.3 Selection of random test samples. Sample parts for testing should be selected at random. Because of
cost, part availability, schedules, etc., it may not always be practical to obtain an adequate set of samples.
The procedures discussed under data analysis in 5.2.4, witl still apply but will produce increased uncertainties
in the results which will reflect the inadequacy of the sample of parts which was used for the characterization.
One way of saving costs might be the use of parts which have passed group A electrical performance tests and
alternste visual criteria; this possibility is mentioned for VLSI parts in particular but could have application
whenever the cost of sample parts is a limiting factor. 1t is always advisable that thes test parts have gone
through burn-in.

5.1.4 Obtaining samples. Once the vendors have been identified, samples of parts should be obtained from
each vendor. For each vendor, the samples need to be taken in random fashion from each lot of parts that is
being used and the lots need to be selected so that they represent, as accurately as possible, production
characteristics. The production variations which are of concern are: (a) variations over time, (b) variations
from one wafer Lot to another, (c)} variations from one wafer to another in a wafer lot, and (d) varistions of
the devices from one region of the wafer to another.

A few extra samples should be obtained to cover the possibility that some devices may, in later measurements,
prove to be either bad devices or outliers which will need to be replaced.

5.1.4.17 Recommended sample size. To meet the concerns Llisted in the previous section, the following
quantities, for each vendor and for each radiation environment, are recommended:

a. Three wafer (ots taken at Least 1 month apart.
b. Five wafers per wafer lot.
¢. Five devices per wafer taken one from each quadrant and one from the center.

A few extra samples should be obtained to cover the possibility that some devices may, in later measurements,
prove to be either bad devices or outliers which will nasd to be replaced. See 5.2.4.1.1 for a discusaion of
bad devices or cutliers.

5.1.4.2 Reduced sample sizes. It should be understood that, in cases where the recommended quantities prove
to be impractical because of cost or schedule impacts, the vendor may propose reduced sampling requirements.
Reduced requirements may be acceptable, for example, where data exists showing the radiation response of the

part type in question to be stable and predictable over long periods of time or that the part response will be
similar to that of another part,

5.1.4.3 Minimum sample sizes. The sample size recommended in the previous section, for each vendor and
radiation environment, is a total of 75 devices. If that number of devices cannot be made available, then
reduced sample sizes will have to be considered. Roughly speaking, 25 is the minimun sample size which should
be used for a characterization measurement, the more parts the better. For this winimum sample size, the
recommendation is that five different Lots be sampled and that five samples per Lot be taken. A sample of 25
will at Least allow a goodness of fit test to determine whether the parta' behavior belongs to a well defined
statistical distribution. If the relevant parameters degrade gracefully with radiation and if the probability
distribution is known well enough, then five or even as few as three parts from each lot might be adequate.
Larger sample sizes will reduce uncertainties about the nature of the governing probability distribution and
will thereby permit better performance estimates for the parts remaining in the population from which the sample
was drawn. Sample sizes which are too small aay result in characterization data with large statistical
uncertainties. These uncertainties can result in overly conservative decisions about how the part should be
used or purchased and may lead to costs which will more than undo the savings produced by the small sample size.
No simple prescription for selecting sample size can be given. Relevant factors, in addition to part cost,
which will affect how large the sample size should be (for each vendor), will include the amount of previous
knowledge availabie about the part and the variability of the parts' performance on a single wafer, within &
wafer lot, and from lot to lot. If lot to lot variability is large compared to variability within one lot (a
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not uncoc=on occurrence) then, in the data analyses that are perforoed, the sample size effectively becozes the
nu=bher of lots and not the nucher of parts tested.

5.1.4.4 Sazple sizes in characterfzation report. The aucber of sacples to be tested, for esch vendor, fs
to be included in the characterization report and in the test plen,

TABLE 111. Qevice identity inforestion.

a. Device identification nucher

b. Generic part muzber

€. JAN part nuzher (if epplicable)

d. NKaoe of the canufacturer

e. Lot date code

f. Lot mucber (wvafer Lot nucber, §f avoilable)
. \afer nuzher (if applicable)

Serinl meoher (for ench device)

Package type

Special selection criteria (if appticable)

5.1.5 Device {identity nucher and pedigree. Serious probiecs in analyzing dats have also been experienced
becsuse the device that wvas tested was not adequately identified. The inforcation needed to establish an
adequate device identity is shown in table 111. This inforcation gshould be recorded in the characterization
report, As discussed in 5.1.7.5 on data forcat, a subset of the toble 111 infarcation should be included when
the sctual test data s recorded and tebulated in the choracterization report, it should be recognized that
radiaticn response characteristics, especialiy for ionizing rodiation dose, can be very sensitive to processing
conditions. Thus, to the caxicua extent practicabte, all processing steps and equipcent should be docuzented
for the Lot under test. Whenever poasible also, the lot under test should be & wafer lot, because a wafer lot
is defined as one for which all processing steps are the sane and perforoed with the sace equipoent., In the
case of JAN claso § devices, wofer identity io aiso availoble and should be recorded.

5.1.6 Selection of radiation environsents. The characterization report and the test plan should identify
the radiaticn environcents, such as neutrons; ionizing rodistion dose (total dose) and dose rate, also the type
of rediation , i.e., vhether electrons, ga=—a rays, protons, etc., and heavy ions or protons SEU, the radiation
facilities, and the levels that will need to be used for the testing. This step should precede thatr of
selecting the test paraceters to ensure that no paradeters are overlooked vhich oight be especially sensitive
to a particutar radiation environzent. For the two radiation environzents of principal interest here, nacely
neutrons and ionizing radiation dose, the effects are expected to be independent and characterization
Dessurecents can be cade sepsrately for the two environzents. 1f the effects froo two environcents are expected
tc depend on cach other, as for exacple, tecpersture effects on dose rate induced Llatch-up, or ionizing
radistion dose effects on SEU sensitivity, then each part will have to be exposed to both environzents. If the
given part type is known to be very hard to a particular radiation environsent as, for exacple, sn KOS device
cay be to neutrons, then characterization ceasurecents for that type of radiation coay be coitted. Careful
consideration should be given, however, to the possibility thot intentional or parasitic sensitive elecents
(e.g., bipolar devices in the KOS exa~ple cited) cay be present in the device.

$.1.7 Selection of test paraneters. All the paraoseters thot ore to be peasured need to be selected and
isted in the test plan. HNorcally, for JAN parts, the subset of group A electrical paraceters that are known
senaitive to the selected radistions will be used, In sooce instances, the change in the vatue of 8

r is core significant than the absolute value of the perazeter. For those cases, the test plan should
specify that the change, or deita, in the paraseter value be ceasured.

$.1.7.1 Test conditions end para—eters to be recorded. The parazeters or circuit functions that need to be
ceasured will have to be identified and Listed in the report and in the test plan atong with the expericentsi
conditiona under which the oeasurenents are to be tode, The specified conditions should include both the
roainal and the vorst case conditions under which each parapeter should be ceasured. They should also include
such quantities as, bias voltages, opersting frequencies, and acbient tecperatures before, during, and after
irradiation. Ffor the worst case ceasurecents, the report ghould contain reco—mendations on how such conditions

-l
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may be derived or at least bracketed {(circuit analyses may be required to arrive at worst cese conditiona),
This section of the report may also be used to identify, for each parameter that is to be measured, what value
of the parameter constitutes device failure. Such definitions are needed in connection with the fluence to
failure measurements recommended earlier for permitting estimates of design margin to be made for particular
applications. Failure may be either parametric failure, loss of functionality, or degradation to the paint
where the device can no longer be used.

5.1.7.2 Objectives of the test conditions and parameters. The selection of test conditions and test
parameters will depend on the objectives of the test, time and budget conatraints, and, possibly, other factors.
For each test, however; the inforpation Listed in table IV should be recorded in the characterization report.
As jis discussed in 5.1.7.5 on data format, a subset of the table IV information should be included when the
actual data is tabulated and recorded in the characterization report. Experience gained by the DNA sponsored
ERRIC is the basis for most of the recommendations contained in these guidelines regarding data requirements
and format.

5.1.7.3 Narrative information. The narrative informpation Listed in the table 1V is used to provide a further
description of the device and the test conditions required for each test.

5.1.7.4 Symbols. A partial list of MIL-STD symbols for particular device parameters and the corresponding
symbols used by ERRIC is given in appendix A. A standard List which all users have agreed to use does not exist
for device parameters. As a result, different symbols are sometimes used by different organizations for the
same device parameter. ERRIC can receive data tabelled in any way and uses a narrative comment as part of the
data storage to make sure the device parameter is properly identified. If data processing programs are used
for analyzing the behavior of particular parameters, provision should be made for recognizing some limited set
of the symbhols for the parameter in question in addition to those given in appendix A.

5.1.7.5 Specification of a data format. Although data format would appear to be a simple matter, past
experience has shown that severe difficulties can be encountered, particularly with computerized data analysis
programs, if & standardized data format is not used to record the data. Because the accumulation of radiation
response information in e centralized data benk can help avoid duplication of such measurements and is theretfore
highly desirable, the data format recommended here is the one used by ERRIC.

TABLE 1V. Pre- and post-irradiation measurement information.

a. Name and orgsnization of test engineer

b. List of equipment used for measurements and calibration procedures

c. Description of test procedures or test standards used

d. Electrical test date

e Test number

f. List or table of electrical test parameters and corresponding bias conditions; (note that the pre-
rad bias conditions should be used for the post-rad measurements)

a. A complete time history of the individual irradiations and the post-irradiation measurements
(especially necessary for ionizing radiation dose (total dose) because of time dependent effects)

h. Ambient and/or case temperature .

i. Sapple sijze

j. Electrical measurement results for each parameter

K. Narrative information

5.1.7.5.1 pefinition of a test number in ERRIC. In ERRIC, a unique test number is assigned to both the pre-

and post-rad measurements that are made on a single parameter under a single set of bias or operating
conditions, for all devices in the sample, and for all the radiation fluences used. The infermation which is
common to a unique test number and which can be used therefore as the heading for that test number is listed
in table V. Pre- and post-rad test results obtained for all the sample devices that are covered by the same
heading are then listed under a single test number. Table V1 shows an example of how ERRIC data is recorded.

For test number 2 and subsequent tests made on the same devices and for the same jrradiation conditions, the
first three lines ot the heading need not be repeated. Thus, the data for test number 2 could be recorded as
in table VII.
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TABLE V. Example of ERRIC test data.

Test nuzber: _1 ; Test date: 10-21-85

Type of radiation: Neutrons; Radistion facility: PMI

Device type: DAC-O8; Manufacturer: ABL; Lot date code: 8429

Paraceter: IREF; Units: mA

Test conditions and narrative inforcation:

Bit high speed cultiplying D/A converter {device description included only for test nuzber 1).
Reference bias current (paraceter description).

Ve o 15V, V- n 15 v,
Measured 24 hours after the end of the {rradiation.

anos

Heasurenent data

bevice Radiation level

serial PRE-RAD 2.00E12 6.00E12 1.00E13
nu=ber

o 2.00 2.00 2.00 2.00
72 2.00 2.00 2.00 2.00

TABLE VI. Inforpation cocoon to & unigue test nucber in ERRIC.

s, single type of radiation end corresponding test facility

b. Single pert type

c. Single canufacturer

d. Single teatr date (post-rad)

e, Single lot date code

f. single wvater lot nuzber (if available)

g- Single paraceter oeasured and associated bias or operating conditions

h. Karrative inforcation (should include inforcation about the irradistion conditions and tice history
of the irradiastions and the electrical ceasurecents)

5.1.8 Test plan. Figure 3 (see 5.1.1.1) and tabie Ii (see 5.1.1.1) show the major steps involved in
characterizing the radiation response of a part. Also shown are the steps which are included in the test pten,
The test plan should, a3 a oinicun, address the pre~irradiation oeasurecents to be made, the irradiations to
be perforced, the post irradiation cessurecents to be cade, and, finally, should specify the data docucentation
requirecents and foroat.

5.1.8.1 Advanteges of a_good test plan. The developoent of a detailed test plan is recoc=ended as a way to
cake characterization ceasurecents efficient. A good test plan will oininize costs by specifying the data set
which will peet the gbjectives of the cessurecents and by optinizing the use of radistion test facilities and
part sacples. The test plan should also facilitate subsequent data snatysis by specifying a data format which
will be easy to use and will protect against inadvertent ooission of required data points by providing a check
List for the ceasurecents.
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TABLE VII. ERRIC data format for test number 2 in & series.

Test number: _2 ; Test date: 10-21-85

Repeating test infaormation: Same as Lines 2 and 3 for test number 1
Parameter: 128 ; Units: mA

Test conditions and narrative information:

a. Zero scale current (parameter description)
b. V+ =15 V, V= = ~15 v,
c. Time of measurements referred to the end of the irradiation.

Measurement data

Device Radiation Llevel

serjal Pre-rad 2.00E126.00E121.00E13
number

2N £.208-5 2 DOE-S6.50E-51.67E-4
0272 ~2.00E-6 &4.70E-59.00E-52.54E-4

5.1.8.2 Pre-irradiation measurements end data examination. If the pre-irradiation characteristics are
measured, the measurements should be made according to the conditions listed in table IV (see 5.1.7.2) and
recorded in the format given in table VI (see 5.1.7.5.1) and table VIl (see 5.1.7.5.1). The data should be
examined to make sure that there are no bad measurements, devices or data outliers in the sample. This
examination is important to keep bad deta from being entered inte the report. If bad or anomalous data are
taken, this fact together with an explanation of why the data is not being used should be recorded in the
characterization report even if the data are not sent to ERRIC or some other data bank. The annual books of
ASTH standards, listed in 2.2, contain many of the test methods that can be used for making radiation response
measurements.

5.1.8.3 c(Caution. Caution should be exercised when devices are handled, particularly with regard to pin
alignment in the holding fixture and when the devices are attached to the test circuit. Bias voltages should
be off during attachment. ESD handling procedures should be cbserved for the class of parts being tested.

5.1.8.4 lrradistion conditions. The irradiation conditions and the reasona for selecting them should be
discussed in detail in the characterization report and summarized in the test plan. The information to be
included in the test plan is listed in table VIII. The various questions that nesd to addressed in selecting
the jrradiation conditions are discussed in the sections which follow. For each of the selected radiation
environments, the plan should include the test facility selected, the responsible organization and personnel,

possible, the radiation levels should be high enough so that most of the test devices can be made to fail), and
whether device measurements will be made ™“in flux", i.e., while the device is being irradiated, or whether a
series of discrete irradiations with measurements following each irradiation will be made. In the latter case,
which is gsometimes called step stress testing, the test plan should specify the number of irradiations to be
made and the ionizing radiation dose or fluence for each irradiation in the series, Because tipe dependent
effects can be very important, especially for ionizing radiation dose, a complete time history of the
irradiations and the post-radiation or in-flux measurements should be recorded. This time history should
include the start and stop times of both the irradistions end the measurements as well as the rate at which the
ionizing radiation dose was delivered. The test plan should state, whensver passible, that a standard
irradiation test method should be used and give the appropriste reference.
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TABLE VI11. Irradiation conditions.

a. Hooe of the radiation test facility,

b. Nace and organization of radiotion test engineer

c. List of dosiceter types and readout equipment

d. bate of irradiations

e. Irradiation run nuzber

1. Nuzher of sacples in each irradiation

9. flacepent of gacples with respect to the radiation source

h, Redistion fecility operationat code

i. For each irrodiation, flux or dose rate, fluence or ionizing radiation dose, start and stop tices,
anct achient or device case tecperature

j- Device bias conditions and whether in-flux ceasurecents will be cade

k. Start and stop tipes for post irradiation peasurecents, including ceasurecents cade during & series
of radiation exposures (particularly icportant for fonizing radistion dose because of the tice
dependent effects which can occur)

$.1.8.5 Estioates of device fajlure levels. To reduce costs and to optianize the usefulness of the data
cbtoined, it is icportant to esticeate the expected faflure levets for the selected device type and radistion
environzent before full scate characterization cessurecents are begun. Device failure will usually be defined
as paracetric failure but cay socetices be defined as functional failure. In the case of parasetric faiture,
it is well known that different foilure tioits can be defined for different device applicaticns. for the
present purpose, engineering judgecent should be used to define a failure Lioit for each paraseter being
oeasured. The icportant point is that the lowest stress Level which renders the device unacceptable shoutd be
considered as the failure tevel. Esticates of failure levels will hove to based either on previous experience
and dats or on peasurecents on o few parts froa the available sacptes. The steps by which the failure points
are esticated should be docuzmented in the characterizotion report. Because the definition of paracetric failure
depends on the intended device application, the esticeted foilure points will only be epproxicately correct.
They will nevertheless be useful for sdjusting the irrodistion increcents and the total fluences to catch the
expected device perforoance, The irradiation increcents and the total fluences selected on the basis of the
esticated failure peints should be listed in the test plan. After the characterization oceasurecents ore
cocpleted, device failure points can be core accurately defined.

5.1.8.6 Gradual degradation. For devices which degrade gradually as they epproach failure, it will generolly
be useful to ceasure post-irradistion perforcance characteristics as a function of accurutated radiation fluence
or fonizing radiation dose because such results can be used to interpolate or, in soce cases, extrepolate the
part's perforcance to radiation levels other than those used in the tests. For such devices, the nucber of
irradistions and the rodiation increcents should be code co——ensurote with the expected failure levels. It is

vorth noting that & gradusl spproach to failure oay not alusys be conotonic; sooetipes a paraceter cay first

incresse with radiation fluence and then subsegquently decrease. This behavior ceans thot, in the MIL-STD systen
and tfor the radiation levels shown in tabte I (see 4.2}, n part type that has been qualified st a higher level
cay not ceet the sace RHEPL at o lower level. Gualification at @ higher Llevel should therefore not cean,
aytooatically, that the pert is slso qualified ot o lower Level unleas care is token to select the RHEPL so that
it does not show Less degradation at the higher Level.

5.1.8.7 Abrupt fajlure. Soce devices give Little or no indication that o radiation failure point is being
approoched, until they fail abruptly; usually sbrupt failures occur as loss of functionality. The ctaic has
sooetices been cade that there is usually sooe gradually deterforating paraseter which can be used a3 a
predictor of sbrupt failure (e.g., a flip-flop circuit failing functionally when the fancut capsbility of the
circuit, a3 indicated by the sink current, degrades past a certain point). As o practical eatter, however, o
device cust be considered to fail abruptiy when there is no feasibie way to pin-point its failure level by ceans
of interpolation. An esticated failure level is also icportant for such devices and should be used for
selecting the nucher and increcent value for the {rradiations such that the abrupt failure point will be
narrowly bracketed. Vhenever posaible, the tost desirable peasurecent is to conitor the device vhite it is
being irradiated to deternine the exact stress level vhere failure occurred. Again, the esticated failure point
will hove to be based on previous data or on ceasurecents on a Llioited sample size before full scole
characterization ceasurecents are oade.
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5.1.8.8 Optimum use of radiation facilities. Such factors as the number of devices which can be irradiated
at one time, the Length of time required for the irradiestion, and the length of time required to complete post-
irradiation measurements should be considered when an irradiation schedule is being planned. The selected
irradiation schedule should then be itemized in the test plan.

5.1.8.8.1 Selection of radiation levels. For each type of radiation and for each estimated device failure
level, a series of irradiationa should be selected so that date is obiained most efficiently. The towest Level
of .ad1at1aﬁ should be below that which pirodices any Tailures. In general the suuSEﬁUEﬁL irradiation increments
will be sizeable fractions of the failure level. If significant nonlinear behavior is produced, however, then
the location of the nonlinear region must be estimated and the radiation increments should be made smaller than
they are outside of it. The highest radiation Level should be high enough so that all of the tested parts will
fail. This selection will not only allow the device specification to be written for the maxioum capability of
the part type, should that be necessary, but will provide information on how close the part is to failure for
a given system applicatien.

5.1.8.1.1 Selection of radiation Levels and abrupt failure. For step stress measurements and the presence
of abrupt failure, the proper selection of radiation stress levels is of particular importance because a bad
choice can compromise the measurements. The spacing between stress Levels should be as small as feasible. At

the very Least, care should be taken to assure that the spacings are small compared to th= estimated standard
deviation of fhé failure fluences for the parts to be tested. An estimate of this standard deviation may not
be easy to ohtain. As & first approxization, data on similar parts may be used. It there is no suitable data,
smaller than expected spacing may be necessary for the first few parts and then, if costs can be lowered
thereby, the spacing for the rest of the parts can be adjusted according to the measured standard deviation.
For a complete characterization, the highest stress level must be Large enough to drive all the tested parts
to faitlure. Very wide stress levels may reguire an extra large sample size. Less than four stress levels are
unacceptable if abrupt failure of devices is considered a possibility.

5.1.8.9 Efficient use of test samples. The costs of radiation testing and, for some part types, the cost
of the parts themselves both provide strong reasons for keeping the number of test parts as low as possible.
In these circumstances it is essential that the experiments be specifically planned so that the maximum amount
of useful information is obtained from the sampple size that is available. Whenever possible, preparations for
the actual tests should be conducted on spare and perhaps less expensive parts which are not part of the final
sample.

5.1.8.9.1 Selection of exposure sequences. Because most characterization measurements are destructive, a
single device is exposed to only one radiation environment and the exposure sequence simply proceeds from low
levels to functional or parametric failure. The cases where one device can be used for two radiation
environments are those when the dose rate upset threshold measurement, which can be non damaging, is made first
and is followed by neutron, gamma ray, or SEU tests. In these cases care must be taken to ensure that the
accumulated ionizing radiation dose in the dose rate testing has not appreciably changed the characteristics
of the device. The use of one device for two radiation environments is not recommended. It should be
considered only when sample costs are so high that every possible way of conserving sample size must be used.
Time dependent effects should be considered when a series of exposures is being planned.

5.1.9 Redistion exposures. Radiation exposures should be made in accordance with the test plan and should
contain at least the information listed in table VIII (see 5.1.8.4). Initial test system checkout, e.g., of
test equipment operation, dosimetry, etc., should be accomplished with parts which are less costly and readily
available; one possibility is to use parts of the same type as the sample but selected to a less stringent
visual criterion. The use of a commercial equivalent device type can also be considered but such use will need
to be validated experimentally.

5.1.9.1 Heutron exposures. Neutron exposures can be made either at fast burst reactors or at water moderated

reactors. In either case, the dosimetry practices at the selected facility should be checked to make sure that

8 valid 1 MeV displacement damage (57) equivalent fluence can be obtained (see ASTM E722). Test method 1017
£

of MIL-STD-B883 can be used as a guide for the exposure procedure., Short term (of the

annealing effects do not have to be evaluated MIL-STD part types.

nrdar Af sacandal
TS ©OF SECONGSs

5.1.9.2 lonizing radiation dose (total dose) exposures. Test method 1019 of MIL-STD-883, entitled “Steady
State Total Dose Irradiation Procedure,® specifies either Co-60 or an electron beam as the radiation source to
be used for jonizing radiation dose testing. lonizing radiation testing can also be performed with Cesium-137
sources and with low energy x-ray sources. If a source other than Co-60 is used, correlation measurements must
be performed to effect a comparison with Co—60. High energy electron Linacs are not recommended because of the
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possibility that the displacepent danage which high energy electrons produce may interfere with the
ceasurecents. Flash x-ray sources which, typically, deliver the dose at a very high dose rate, are not
recocoended because the results ooy be difficult to cocpare with Co-60. Low energy x-ray sources are not
recocsended for characterization ceasurecents unless & valid correlation to Co-60 is esteblished.

5.1.9.3 Bias. Biss cust be applied on the device during the irradistions end the biss conditions cust be
in accordance with the test plen. If ceasureoents are to be nade “in flux,” then the test plan should specity
these conditions as well. Beécause tice dependent effects can be very icportant for ionizing radiation dose,
8 cocplete tice history of the irradiations and the post-radiation or in~flux cessurepents should be recorded.
This tice history should include the start and stop tioes of both the irrediations and the ceasurepents as well
as the rote at vhich the fonizing radiation dose was delivered. A pre-test evaluation of the tice dependent
effects coy be also be nacessary to oake sure the tices used for the irradiations and the ceasurecents will give
ceaningful results.

5.1.9.4 TJrensient fonization (dose rate) exposures and peasurepents. High energy electron Linacs are the
facitlity of choice for dose rote upset ceasurements. If flash x-ray cochines are used, extra core is required
with the dosicetry to make results obtained at one facility cocparable to those cbtained at enother.
MIL-STD-1021 and MIL-STO-1023 cay be used &3 guides. HIL-STD-1020 is under revision, principally becsuse it
does not adequately treat the case of latch-up "windows®. It can be used for generalt guidance provided that
no interference is expected froo this “window" problen.

5.1.9.5 Single event upset irradiations and pessurenents. SEU ceasurecenta are sufficiently cotplex so that
they should be cade in cotlaboration with one of the several groups in the U.S. that are caking such
ceasurecents routinely. A full characterizstion cessurecent for single event upsets or latch-up produced by
heavy ions reguires that the nuzher of upsets or the latch-up in a particular device be ceasured as » function
of the Linear Energy Tranafer (LET) of the ion, MHeavy ion irradistions are usually perforced at Tanden Van De
Graaff accelerators but cay olao be perforced at other high energy heavy ion accelerators (see ASTH F1192).
For single event upsets induced by protons, & nessurecent of the nu=ber of upsets per unit fluence at 2 proton
energy of &0 MeV or higher should be sdegquate as an input data point to a theoretical codel that c¢an then be
used for esticating the total nusher of devite upsets to be expected in sooe particutar proton environment.
{Caa Bandal and batarsen 1003 ) l-linh snergy protons for SELU teata £nn ha ohtained fron a nurher of cv:lntron
accelerators. Laser and c.uformun-zsz techniques are being studied but have not yet advanced to the point
where they can be used routinely for SEU characterization ceasurecents.

5.1.10 Post-irradiation ressurecents and data exanination. The peraceters which will be ceasured after
irradiation and the ceasurecent conditions, amd the equipcent if possible, should be the sace as those for the
pre-irrodiation censurecents. Table III (see 5.1.5) and table V {see 5.1.7.5.1) List the inforcation required.
The test plan will contain the actusl pareseters to be ceasured and the corresponding operating conditions.
However, the post-irradiation peasurenent procedure witl have to take into account the possibility of tice
dependent effects, In the case of ionizing rediation dose, tice dependent affects can be especially serious
and cust be evaluated for the device being tested. MIL-STD cethod 1019 cen be used a3 & guide until an icproved
cethod for taking tice dependent effects into account is developed. Bias cust be applied during the
ireadiotion. Bins cay not be necessary at all tices after the irradiation but the bias conditions end other
ceasurecent conditions and tice intervals should be as consistent as posaible froa one run to another. Bias
or shorting conditions on the device between the end of & radiation exposure and the start of electricel
ceasurecents should be recorded, Again, the ceasurecent results should be exanined for bad devices or outliers
and, appropriste action taken if necessary. This exaaination is icportant in preventing bad data froa being
fncluded in the characterization report and, possibly later, froo entering a data base.
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5.1.11 Data recording. Table IX gives a summary of the recording requirements for the test plan.

TABLE 1X. Summary of data to be recorded in the test plan.

Pre-rad measurement conditions: Items in table IV.
Irradiation conditions: Items in table VIII.
Past-rad measurement conditions: Items jn table Iv.

Data recording: As in table Vv, table V1, and table V1I,

5.1.12 Performance characterization report (see table X). An essential part of any characterization
scasurement progran is to document all the measurement results completely enough so that another investigator
cen use the results without having to consult the originator. For a variety of reasons, time and funding being
principal among them, this task is often not performed adequately. The importance of the documentation task,
howvever, cannot be overemphasized. The hope here is that §if the documentation task is made part of the test
plan so that it must be included in any checkoff List or, perhaps, in the contract data requirements list that
is part of all government contracts, then the results of characterlzat1on measurements will be more available

to other users in the future than they have sometizes been in the past.

5.1.12.1 stendard date format. The characterization report should use the standard data format discussed
in 5.1.7.5. The recorded data should include the device identity information listed in table IlI (see 5.1.5)
and the test conditions listed in table IV (see 3.1.7.2).

TABLE X. Summary of information to be recorded in the characterization report.

Device identity: Items in table 111 and corresponding discussion. .
Pre-rad measurement conditions: Items in table IV and corresponding discussion.
Irradiation conditions: Items in table VII1 and corresponding discussion. ’

Post-rad measurement conditions: Items in table IV and corresponding discussion.

bata recording: As in tables V, VI, and VII and corresponding discussion.
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5.1.12.2 Transfer of characterization dats to ERRIC. To cake as cuch radistion response dots as possible
avoilable to U.S. users, the Defense Kuclear Agency supports o data bank for such dats at the ERRIL opersted
by the Kaman Sciences Corporation. ERALC is ectively collecting dsta froo other dots banks and is very much
interested in receiving any new data that is tsken. It is strongly recocsended here, therefore, that the
characterization data vhich is obtained and docu=ented in the charocterization report slagc be sent to ERRIC.
ERRIC is equipped to acquire data froa cocputer disks o3 well as in printed foro. The oddress ond telephone
nuzber for ERRIC are:

ERRIC

Kacan Sciences Corporation
816 State Street

P.0. Box 1479

sants Barbaro, CA 93102-1479
(B05)963-6484

§.2 calculatjon of electrical razeter end-poin ioits. The previous sections of this report haove

described how radistion response characterization ceasurecents should be cade so they can be used for defining
Lot acceptance tests that will provide hardness easurance in future procuresent. At this point the assuaption
is cade therefore that the characterization results hove been obtained and the discussion turns to the
procedures by which Lot acceptance tests should be defined. The bosic goals here are to select the sample size
and to calculate post irradiation test criterie froo the charocterizotion data such that future radistion lot
acceptance tests perforced against these criteria will ceet o selected objective. Typically, the selected
objective witl be a desired Lot acceptance probability and confidence level.
It is worth noting that the cethods described here are not linited just to radietion hardness assurence but can
be used for the core general problen of calculating end-point Linits to ceet o selected Lot occeptance
objective. They may be of use, therefore, to any canufacturer of perts vho is interested in quantitying the
Lot acceptance results he can expect as & function of the end-point tinit or specification value he selects for
a given parazeter.

$.2.1 Lot mcceptance tests. Lot acceptonce tests are bosed on testing o sacple of perts after they have been
irradiated and deternining vhether the sazple of parts passes or fails soce specified criterion. If o varicbles
test is being used then the cessured cean value and standard deviation of the post-irradiation paraseter values
will be cocpared to the specified criteria to deteroine vhether the test was possed or failed. 1f en attribute
test (such as an LTPD test) is being used, then specified RHEPL end, possibly, functienality, will be used for
deteroining whether each part, individually, has passed or fafled the test. cChanges or "dettes” in a parezeter
cay alsc be used as a RHEPL.

5.2.1.1 attribute lot acceptsnce tests in nilitary standsrd procurement. Because ailftary staendard
procurecent rely alcost exclusively on attribute tests, the discussion here costly addresses this type of test.
It should be recognized, however, that, for the sace nucher of sarples tested, radiation Lot acceptance tests
based on variables cessurecents will ususlly give higher quality results. Their principal disadventages are
that they are socewhat core cocplex and costly and require assuzptions about the probability distribution to
which the parts belong. Attribute tests such as the LiFD tests used in the KIL-STD systen have the adventages
that they require less docuzentation of test results, do not require as cuch training for test personnel, ond
do not depend strongly on assucptions about the probability distributions to which the tested parts betong.
The relative cerits of these two types of teats vere discussed in soze detail in the forevord.

5.2.1.2 End-point Linits for LYPD testa, Figure & shows the steps to be taken for calculating end-point
tiaits for LTPD lot accaptance tests, Table X1 Lists these ateps in finer detoil os a step-by-step check off
procedure.
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TABLE XI. Step by step procedure for calculating end-point Limits.

@ ~N O v o~

N2

10.
n.

12.
13.
4.
15.
16.
17.
18.
19.
20.

22.

23.

Check-off item

Select device type and manufacturers.
Cbtain characterization data and documentation.

Select desired Lot acceptance probability, confidence Level, and sample size for LTPD tests.

Select parameters to be tested and test conditions.
Begin data examination.

Check data for sufficiency.

Check for outlying devices.

Check for cutlying lots.

biscard outliers.

Check data for abrupt failures.

1f abrupt failures have a significant likelihood, parameter end point Limits usually cannot be
calculated.

check for unexpected functional dependencies.

Check for systematic or nonramdom effects.

Check for correlations with respect to time of manufacture.
Check for unexpected magnitudes of lot-to-lot variations.
Check for bad data points.

Correct or discard bad data points.

theck data for sufficiency.

Recast the data to the gpecified conditions.

Determine within-lot and lot-to-lot variations.

1f within-lot variations are larger than lot-to-lot, use case 1 ans

;U
RHA end-point limits (RHEPL).

1f within-lot variations are smaller than lot-to-lot, use case 2 analysis method to calculate the
RHEPL..

Incorporate the RHEPL and LTPD lot acceptance test requirements into the device specification.
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IOBTAIH CHARACTERIZATION DATA AND DOCUMENTATION I
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[s:x:ct PARANETERS 10 BE TESTED AND 1EST CONXDITIONS |

!

[exaniue oara ror aorouacy. earons axo ouriiens ]
t

[ exanine oara ror asrupr rFareomes I
{

[ cornect on o1scarn ean oara |

Inz:nsr THE OATA 10 tﬂ[iSPttlFlEo CONDITIONS I

|c0nvant NITHIN-LOT AID'LUT-IO-LOt VARIATIONS AAJ

!

|:nt|mn THE TTPE OF DATA ANALYSIS THAT WILL APPLY I

1

CALCULATE RMA END-POINT LIMITS (RHEPL) TD MEEY
OBJECTIVES

[nntunsur ALL STEPS IN THE END POINT LINIT caxcuxaernsl
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FIGURE 4. Steps for calculating end-point Linits for Lot
acceptance tests, .

5.2.1.3 Statistical uncertainties associated with lot acceptance testing. The lot tolerance percent
defective tables in NIL-A-38510 and other KIL-STD docuzents are based on statistical forculas for sarpling with
replacecent i.e., the sacple of parts used for the tests is replaced into the lot of parts froa wvhich it vas
drawn. Because rediation tests are dazmaging, the parts tested are not replaced into the lot. The statistical
icplications of this fact can be coxcplex and are beyond the scope of this docuzent. In general, statistical
uncertainties are reduced when the lot acceptance sacple size is targe and are further reduced if the lot
acceptance history is known. The least desirable situation occurs when only a single Lot has been tested and
wvhen the sazple size is only a few parts, say four or less. In this latter case it will be difficult to
esticate vhat the perforzance characteristics of the passed Lot will be. The recocmendation is, therefore, that
Lot acceptance tests based on four parts or Less should not be used. For scall sacple sizes, inforcation about
the uniforoity of the lots is also very {cportant. If a lot were perfectly uniforo, for exacple, then testing
2 single part would be adequate. If the uniforoity of each Lot is high then, during the Lot acceptance tests,
cost of the tice, either all the parts paas or they oll foil. For such uniforo lots, a 2/0 or o 4/0 test
(presently specified in the group E tests of cethod 5005 in MIL-STD-883) cay be able to give sace confidence
that the passed tots are of high quality. If lots are costly being rejected because one part out of the sacple
is failing, then the passed lots cust be considered to be of low quality.
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5.2.2 Definition of RHA end-point Llimits (RHEPL). The parameter values against which the post radiation
performance of a part will be compared to determine if the part has passed or failed the test have been termed
RHEPL. These RHEPL values are included in the procurement specification and are used for the lot acceptance
tests. I the procurement system uses & qualifisd parts list, as, for example, the present NIL-5TD system does,
then these RHEPL may also be used for part qualification. The discussions which follow explain what decisions
must be made before the RHEPL can be calcutated and, ance the required decisions are made, how they can be
calculated from the characterization measurements. If the part can be purchased against any one of several
radiation levels, as for example the four jonizing radiation dose levels, M, D, R, and H, shown for MIL-STD
parts in table I (see 4.2), then a separate RHEPL must be calculated for each radiation level.

A device <an cesse 1o Tunction as & resultl of & radialion eXposure and will, obviousily, fail the tesi being
conducted. Such failures are not associated with the definition of an end-point Limit. Of course, the
functional failure of a part will count as a failure for lot acceptance purposes.

5.2.2.1 One and two sided Limits. A parameter used for determining whether 8 device has passed or failed
a test, may be bounded by maximum and minimum values i.e., by "two sided” Limits, or by either a maximum or a
minisum valug i.€., by a one-sided Limit. DBecsuse a one-sided Limit is ihe one most commonly USEd in radiation
response testing, only such limits are treated here. The mathematical formulas for the case of two-sided Limits
are almost identical to the one-sided case so the present discussion can easily be extended to that case if it
is necessary to do so.

5.2.3 Criteria for calculating RHA end-point Limits (RHEPL).

5.2.3.1 Selection of objectives for lot acceptance tests. Meaningful RHA end-point limits cannot be
calculated until the ocbjectives of the Lot acceptance testing have been selected. Simply put, if the object
of the tests is that at Least 90 percent of future lots should pass the test, the end-point Limits will be less
stringent than if the object is that at least 80 percent of future lots should pass. It should be noted,
however, that the stetistical uncertainties associated with the relatively small sample sizes that are typically

of where the RHEPL is set, there will be a significant probability that a good Lot may fail or that a bad lot
may pass the specified lot acceptance test. The real constraints on selecting an objective for the LAT and on
calculating the corresponding RHEPL, therefore, are the performance of the part and the economic costs of
rejecting lots. Thus if the RHEPL is set so that, with 90 percent confidence, 10 percent of future lots may
be expected to pass, then the performance of the lots that pass may he very good but the costs of rejecting such
a high percentage of iots may make the part too expensive to use. Similarly, if the end-point Limit is set so
that 90 percent of future Lots may be expected to pass, then the cost of the part may be attractive but the
performance of the part may not as good as may be desired. The objectives of the lot acceptance tests are thus
seen as a trade-off between passing the Largest percentage of lots and keeping end-point limits which will make
the performance of the part desirable.

5.2.3.2 Lot rejection probability and choice of end-points. In the data analysis secticns which follow,
these guidetines show how Lot rejection probability depends on the choice of end-point Limits. They should,
therefore, assist manufacturers or specification developers in selecting end-point Limits which best meet their
needs. The discussion also shows that lot to lot variability in radiation response can present serious
difficulties to end-point Limit selection. For this latter case, which is common, the methods recommended here
may provide a better assessment of the risks associated with different values of the end-point Limits than other
methods which have been used.

5.2.3.3 Many parameters and environments. The most tractable case for calculating end-point Limits that are
to be used for lot acceptance tests is the case of a single radiation environment and a single device parameter.
As soon as two or more different and independent test parameters are involved in Lot acceptance, then the
probabilities of passing for each parameter have to be higher by amounts such that the product of all the
passing probabilities equats the probability of passing that is desired. Thus for example, if two different
and independent parameters are specified and the desired lot acceptance probability is 0.9, then the respective
passing probabilities, P1 and P2, have to bhe such that (P1)*(P2) = 0.9.

The complexities of the calculations for combined radiation envircnments or parameters or both are such as
to put them outside the scope of this document. Unless otherwise noted, therefare, the analysis examples given
in the sections which follow are for a single radiation environment and a single device parameter.

5.2.3.3.1 Many parameters. In practice, device specifications generally do have to require that post
radiation tests be made on several parameters against specified end-point limits. The recommendation here is
that, whenever possible, the characterization data be used to select the most sensitive critical parameter and
that the end-point Lioit be calculated for that parameter to give the desired lot acceptance probability. The
end-point Limits for the other relevant parameters then must be calcutated to give sufficiently high passing
probabilities so that those parameters will not cause a significant number of Lot failures. Methods are
presently being developed to deal with the case when two or more independent parameters have comparable
likelihoods of causing failure but they are not yet in & form which could be included here.
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ATz _ device specification to

5.2.3.4 End-points and eicctricai conditions. it 18 ¢com=on oiso for & device specification to give values
of & lot acceptance paraseter as & function of “the operating condition of the device., Thus, for exacple, end-
point-linits nay be given for the post irradiation gain of a trensistor as a function of the collector current,
1t can then happen, because the colculations are statistical in nature, that different cesn values and standard
deviations in the characterization data for the different collector currents can result in calculated end-point
tinits that do not behave in the expected wvay as function of the collector current. The following caution is
therefore advised:

Caution: Data deficiencies and statistical effects or both can lead to end-point-Linits, calculated as o
function of sooe device paraseter, that do not behave in a ressonable vay. For exacple, for s given neutron
fluence, the calculated RHEPL for transistor gain cay show a decrease with increasing collector current,
instead of an increase (in the region below the collector current at which the gain is o paxicun)., It is
icportant therefore, that the calculated results be subjected to a “sanity check® to ooke sure that
"unphysical® end-point Linits are not entered into the device specifications. 1n general, & RHEPL should
be a scooth function of bias and radiation stress. 1t should be noted in this connection, however, that
a gradusl approach to failure cay not always be conotonic; scoetices, for exacple, a parateter ooy first
increase with radiation fluence and then subsequently decrease.

5.2.3.5 Abrupt failures. 1If abrupt failures are expected to be the dooinant failure code at the radiation
levels required for the Lot acceptance tests, any parapeter end-point Linits thet are used should be calculated
s0 that they will not cause 8 significant nucher of Lot failures. This situation resecbles that of the several
paraceters discussed in 5.2.3.3. A oethod for esticating end-point Linits for devices which suffer abrupt
failure has been given by Hacenson and Aricura (1985); this paper is Llisted in 2.2, In prectice, even though
tot scceptance tests oay be conducted at a rodiation level wvhere soce abrupt failures may occur, the subject
pert type should not be used in a systeo application {f the specified radiasticn level is such that the
Liketihood of abrupt failure is expected to be significant; e derating factor of twvo on the radiation level has
socetioes been used but & core accurate value should be based on actual ftuence to failure data.

$.2.3.6 Use of end-point Lioits for systen design. Strictly speaking, the end-point linits used for lot
acceptance tests do not guarantee how the parts vill behave in a systeo exposed to a specified radiation

environzent. Nevertheless, systens designers fregquently use the RHEPL &3 the starting point for derating &
given paraceter for a particular systen application. For systeos vith coderate RHA requirenents, the derating
cay be very scall or the RHEPL nay even be used directly in the systen design. For syatens with core stringent
RHA requirecents, the RHEPL value cay be derated significantly or cay be set so that only the hardest Lots are
sccepted for systen production. Thus, if a part specificaticn is being developed for a particular system, the
needs of the design engineer should be considered. The entire topic of Lot acceptance and its icpact on systen
design and survivability, while very cuch deserving of detailed discussion, is beyond the scope of this
docuzent.

5.2.3.7 An_assuzed lot acceptance objective. The many factors invoived in selecting an objective for the
lot acceptance tests have been discussed in 5.2.3.1. To fecilitate the data analysis discussions which follow,
the tot acceptance objective is here taken to be that, with 90 percent confidence, at least 90 percent of future
lots are intended to pass. This objective ceans specifically that the end-point-linit, which deternines the
probebility, Py, thot a single part will pass the test, cust be set so that the probability that the entire test
will be passed is 90 percent. This particular cbjective, in general, does not unduly penalize the perforcance
specifications for a device nor does it place undue requirements on the acount or quality of characterization

data. The assuzption of a specific lot acceptance objective sakes it possible to give actual nucerical values
for the exa=ples vhich are to be discussed. The forculas required are given in their parasetric foros 2o that

cal:ulntwns can be ocade for other Lot acceptance objectives.

5.2.4 Data analysis. Because cost radiation response results display significant and seeningly randon
variations, the cethods needed to analyze such data are statistical in nature. 1In addition, cost radiation
testing involves the use of sacple parts which sre destroyed by the tests, so the analysis techniques and
expectations of future perforoance {against vhich lot acceptance paraceter end-point Linits are catculated) cust
be besed on statistics of sacpling without replacenent. The sections which follow discuss general analysis
principles and their applications but do not attecpt to cover all the data enalysis variations that can occur
in practice.

5.2.4.17 Data exanination. A necessary prerequiaite for beginning any data snalysis, uhich was centioned
previcusly but cust be discussed in greaier detail ﬁﬁiiﬁ becsuse of its crucial icportance, is an exaoination
of the date to ensure that the data do not contein any faulty ceasurecents or nonrandeo effects. The data

should be exadined also for sufficiency. Data exasination is all the core icportant when a significant acount
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of time has elapsed between the characterization measurements and the data analysis or when the person or
organization undertaking the data analysis is different from the persons who took the data in the first place:
Some of the most common reasons for suspecting that data may be bad are discussed below.

5.2.4.1.1 Qutlying devices. It is not uncommon, in a batch of measurements, to find that one or more devices
out of the sample show failure fluences or post-irradiation parameter values that are significantly outside the
values that would be expected from the mean value and variance for the rest of the sample. (Qutlying devices
may occasionally be found also in the pre-irradiation measurements. The assumption here is that the examination
of the pre-irradiation data has eliminated any such devices from the characterization sample.) Although the
identification of an "outlier" can sometimes be difficult, a plot of the cumulative probability distribution
for the radiation fluences at which the devices fail (or the post-irradiation parameter values) will usually
show that the device in question is not part of the population distribution that is characteristic of the rest
of the sample. A more detailed discussion of cumulative probability plots may be found in textbooks on
statistics or in appendix E on Statistical Techniques in DNA report 5910 listed in 2.1.1. The combined MIL
Handbook entitled: “ Total Dose and Neutron Hardness Assurance Guidelines for Semiconductor Devices and
Microcircuits" also contains an appendix on statistical techniques. A discussion of how to identify outliers
may be found in ASTM E178.

5.2.4.1.2 0Outlying lots. 1In this situation, data is available for a number of lots and an examination of
the data shows that one or more of the lots are showing an unusual mean value or standard deviation. Again,
a cumulative probability plot can be made of the data to evaluate whether the suspect lot or lots belong to a
different population of Lots,

5.2.4.1.3 Sufficiency of data. The first step in preparation for data analysis is to see if there is
sufficient data for deriving end-point Limits. The recommendation in these guidelines 1is that the

characterizetion sample should consist of three different Lots teken at least one month apart, with five wafers
per Lot and five parts per wafer taken one from each quadrant and one from the center. The minimum sample size
that is recommended is five different lots with five samples per lot. The data should also contain a range of
velues and radiation stresses. Thus, for example, if step-stress measurements were performed and all the parts
failed in a single "bin" (where a bin is defined as the interval between one fluence and the next higher
fluence), there is not enough data for an analysis. If it happens that there is no way to acquire sufficient
data, special analysis techniques may be required or some worst case assumptions may be needed to supplement
the data. Sometimes it may happen that the rumber of lots used for obtaining the characterization date is not
given in the data. For such cases, a method exists for estimating, from the data itself, what the effective
sample size of the device population is and this effective sample size can be introduced into the end-point
Limit calculations (A. I. Namenson, 1972, see 2.2).

5.2.4.1.4 Abrupt failures. The data should be examined to see if abrupt failures are likely at the radiation
levels that will be required for the lot acceptance tests. If abrupt failures are expected to be the dominant
failure mode at these radiation levels, then the pean value and the standard deviation of the fluences to abrupt
failure in the characterization data should be used to estimate the radiation Level at which the part can be
used safely., The fluences to abrupt failure are then used to check for outlying devices, outlying lots, and
the sufficiency of the data.

5.2.4.1.5 Unexpected functional dependencies, If a parameter value does not vary smoothly with either bias
conditions or radiation dose, the data may be suspect.

5.2.4.1.6 Systematic or nonrandom effects. The sampling of lots and parts must be a truly random
representation of future lots if valid lot acceptance end-points are to be determined. It pays, therefore, to
check whether the data is random in nature. Some typical causes of nonrandom effects are discussed in the
sections which follow.

5.2.4.1.6.1 Correlations with respect to time. Lot-to-lot variations should be checked to see if they
correlate with time., Examples of such correlations are an average shift with respect to date of manufacture
or simply a smooth variation with respect to the date of manufacture. Usually, a look at the data is sufficient
to determine if such an effect is occurring. However, more rigorous techniques, such as time-series
correlations, for example, exist which can check whether the data varies smoothly with respect to time or has
seascnal variations.

5.2.4.1.6.2 Unexpected magnitudes of lot-to-lot variations. If lot-to-lot varistions of either the mean
value or the standard deviation are much larger or much smaller than expected, it is cause for concern. If a
nucher of lots are very similar, then it mey be that the sampling over lots is not truly random. There may be,
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for exarple, a single diffusion Lot involved or a single wafer. 1f the lots were produced under total process
control, very spall variations ooy result between lots. Then, if future lots will cozme from the sace process,
the characterization data is valid. However, if future lots will not all coce froo the sase process, then the
data is not valid.

5.2.4.1.6.3 Other systecatic effects. If the data coces froo several sources, it can vary systeoatically,
i.e,, nonrandoaly, according to the source of the data. Even in one test focility, there cay be a systematic
dependence on test cell, operator, dosicetry equipzent, etc. If lots coce froa several plents, there cay be
8 systeoatic dependence on which plant supplied the parts. This type of effect should not be co=mon; it is
oentioned here to oake syre that is not entirely overlooked,

5$.2.4.9.6.4 Checking for systematic effects. 1f data is suspect, it can be checked for self consistency by
recoving all datos having a co=on aitribute such as dais, test facility, ploce of menulfacture, operstor, etc.
If there &re no systeoatic effects, such recoval should not seriously perturb the cocputed results. Likevise,
when parazeter values or stress to failure are ranked, there should be no grouping by attribute except for lot
identity. Another possibility that should be checked ia that the devices did not receive soce previous
radiation of another type. Thus, as an exacple, fonizing rediotion dause data ¢an be obtained froo o data bank,

but the devices listed cay, previously, have been exposed to neutrons.

5.2.4.2 Correcting the data. If the data cxanination shows that there cay be bad data points present then
they have to be either corrected or discarded before the data analysis can proceed.

5.2.6.2.1 Correcting bad data. Soocetipes an isolated nissing, outlying or otherwise faulty ceasurecent cay
be inferred by {nterpolation if the paraneter varies scoothly with radiation stress or biss. whether or not
data shoutd be corrected is often o catter of judgzent. The docuzentation shouid identify where inferred data
was used to replace incorrect or nissing data,

5.2.4.2.2 Discarding bad data. Often, only a single ceasurecent on & device has to be corrected or
discarded. However, if one device has cany outlying or other obvious nisceasurecents, it cay be necessary to
elininate the entire series of ceasurepents on that device and seek an explanotion of vhat went wrong. It cay
be o case of a nisceasurenent or of the ceasuring equipzent {tself having an effect on the device. On the other
hand, the device itself cay be an outlier and the question is then raised as to how cany outliers will be Likely
in practice, i.e., when devices are procured for systeo developoent and production. If the data shows evidence
of cany apparent nisceasurecents, outlying devices, or outlying Lots, then sll of the data coces into question.
When data is discarded, such action should be documented.

5.2.4.3 Recasting the data to the specified conditions. The assuzption is now cade that the data exanination
has been successfully corpleted and that the data te be analyzed is satisfactory in all respects. One final
task nov recains before the actual calculation of the end-point Llioits can be cade and that {s that the dats
cust be recast into the conditions that will be specified for the lot acceptonce tests. Thus, if the (ot
acceptance test is to be cade on 8 particuler paraceter, PAR, at a radiation lLevel PHI(SPEC), then the post-
radiation values PAR(PHI(SPEC)) cust be obtained froo the characterization data and they cust be obtained for
the bias conditions that will also be specified in the procurepent docucent. In general these values will be
cbtainable by interpolation. In the case of ebrupt foilure, defined in 5.1.8.7 as a failure Level vhich cannot
be deteroined by interpolation, the cean value and standard deviation of the fluences to abrupt failure in the
characterization data should be used esticate the radistion level at which the part can be used safely.

l Comme b oo ‘ Aas e mmaliioaa ceafonl sash.d. shas
J' C CRa_PLEI UaLh arnaLyscs., UCWI)"‘ on the ExBci noiure Ol’ the ucuu, the 'lﬂillllul WO AL
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uhould be used to enalyze the dats and to calculate the required end-point tioits range froo relatively sicple
techniques to soce that are still under developoent. Exacples are given below for two cases for which the
calculations are relatively straightforward. ALt statistical quantities are assuced to obey lognorcal
probability distributions i.e., the logarithns of the psraceter values are nporcally distributed. This
assu=ption cay be considered reasonable because cany of the paraneters that ere of interest for redistion
effects in devices have been observed expericentally to obey a lognormal distribution. In any case, extensions
of the analysis techniques discussed below can be pade to other types of probability distributions.

5.2.4.4.1 Parancters ond detto-paraneters. For convenience, the analyses sre discussed in teras of the value
of the paraceter in question after irradiation. In practice, however, it {s often useful toc ceasure the
changes, or deltas, in & parazeter value produced by the irradiation. Again, the extensicn froo the forculas
given to the case of parazeter deltas is stroightforward. [t should be noted that Lot acceptance tests based
on parazeter deltas can be sazevhat core costly because they require that part identity be caintained and that
pre- and post~irradiation pareceter values be recorded. They should not be overlooked, however, because, in

n
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some cases, they can provide better hardness assurance than lot acceptance tests based just on the post-
irradiation parameter value. The example given for case 1 is based on the values of a parameter; the example
given for case 2 shows how deltas may be used,

5.2.4.4.2 Case 1. MWithin-lot variations larger than lot-to-lot variations. At the present time, case 1 is
an unusual result and, when it occurs, may indicate suspect data, Most commonly, lot-to-lot variations are
Ltarger than within-tot variations (discussed here as case 2). Case 1 is being discussed first, however, because
the formulas used for it are more familiar. In addition, it may turn out to be true in the future, when total
quality control procedures have been successfully implemented, that the wafers coming off of & production Lot
will be quite uniform and that most of the device variations will be associsted with variations across the
wafer. This case will apply to such product.

5.2.4.4.3 Assumptions for case 1. Specifically, the assumptions made here are that the parameter being
weasured shows a graceful decrease in value with increasing radiation stress and that the within-tot variations,
or standard deviations, are larger than the lot-to-lot variations. A further assumption is that the within-lot
variations do not vary greatly from one lot to another. If this latter assumption does not hold, then, to be
on the safe side, the data should be analyzed with the method of case 2. 1f the above assumptions hold, then
the group of Lots from which the data was obtained can be considered as a single lot and the total number of
parts drawn from atl the component lots will be the sample size used in the formulas that require sample size.
Let this sample size be n. Now assume, as a convenient example, that the lot acceptance test will require that
11 parts will be irradisted to a radiation level PHI(SPEC) and that all parts must pass for the lot to be
passed. To satisfy the lot acceptance objective, stated as an assumption in 5.2.3.7, that with 90 percent
confidence at least 90 percent of future lots should pass, each part must have a probability of passing, P, such
that:

1 = a9
This equation is satisfied if P = 0.99. For obvious reasons, P is often also called the part survivability,

5.2.4.4.4 Statement of problem. Because the characterization sample was purposely taken so as to represent
the performance of future lots as accurately as possible, the problem can now be restated as follows: What is
the parameter value, RHEPL, such that, with 90 percent confidence, fraction P of future parts have a parameter
value greater than RHEPL (for a parameter that decreases as the radiation stress increases) after being
irradiated to radiation level PHI(SPEC)? In response to this question RHEPL is given by:

RHEPL = MEANE LN(PAR(PHI{SPEC))) ]

L (EANE LN(PAR(PHI(SPE Ko {C,P,n) * STOEVL LN(PAR) ]
£ L § N1y ]

¥ LT S )

where HEANLLN(PAR(PHI(SPEC)))} is the mean vaiue of the logarithms of the parameter values measured after
irradiation to PHI(SPEC) for each of the n devices, STDEV(LN{PAR)) is the standard deviation of these sanme
Llogarithms, and KTL(C,P,n) is the one sided tolerance Limit factor for confidence €, part survivability P, and
sample size n. Note that a minus sign is used in the equation for a parameter which decreases in value as the
radiation stress increases and a plus sign is used for a parameter that increases in value as the radiation
stress increases, The one sided tolerance Limit factors may be found in tables in the statistical references
previcusly cited. Some of the most commonly used values are given in table XII.

The equation for the mean value of the logarithms is:

n
mean [ v cparceuicspec 0] =2 T LN (PAR {( PHI (SPEC )))
n i

where PAR.(PHI(SPEC)) denotes the value of the parameter after irradiation to PHI(SPEC) for the ith device.
The standard deviation of these logarithms is given by:

STDEV (LN (PAR))=

] 112

|
l_".; E [h (Pan scpHr (speCH)HEAN (LN CPARCPHI (spscm)]]
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TABLE X1I. One sided toterance Linit factors - k:l‘

Confidence C » 0. 90
p
Q.90 0.95 0.9%9 0.999 0.999%
N
3 4,259 5.311 7.340 9.651% 11.566
4 3.188 3.957 5.438 7.129 8.533
b 2.742 3.400 &, 666 6.1 7.3
& 2.493 3.0 4,243 5.555 6.645
7 2.332 2.894 3.972 5.202 6.222
8 2.218 2.755 3.783 4. 935 5.927
9 2.133 2.649 3.6 (W ial 5.708
10 2.065 2.568 3.532 4.628 5.538
11 2.0m 2.503 3.443 4.514 5.402
12 1.966 2.448 .31 4.620 5.290
13 1.928 2.403 3309 4.361 5.1%96
14 1.895 2.363 3.257 4.273 5.116
15 1.867 2.329 3.2 4.215 5.066
16 1.842 2.299 3. 72 4,164 4.985
17 1.819 2.272 3137 4.119 4,932
18 1.800 2.2L9 3.10% 4.078 4,884
19 1.781 2.228 3.077 4.042 4.841
20 1.765 2.208 3.052 4.009 4.802
21 1.750 2.190 3.028 .97 L.766
22 1.736 2.174 3.006 3.952 L, 734
23 1.724 2.159 2.987 3.926 4 _T04
24 1.712 2.145 2.949 3.903 & 677
25 1./ 2.132 2.952 3.882 4.651
30 1.657 2.080 2.884 3.794 4.546
35 1.623 2.041 2.833 3.729 4.470
40 1.598 2.010 2.793 3.678 4£.611
45 1.576 1.986 2.761 3.638 4.363
S0 1.559 1.965 2.735 3.605 &£.324
&0 1.532 1.933 2.694 3.552 &.262
70 1.5 1.909 2.662 3.513 &£.295
80 1.494 1.8%0 2.637 3.482 4.178
90 1.481 1.874 2.617 3.456 4,148
100 1.470 1.861 2.601 3.435 4. 124

§.2.4.4.4.1 An illustrative exacple of an RHEPL calculation for case 1. For this exacple the following
assucptions ore cade:

Lot acceptance te:ﬁs will be petéformd on the current gain of 2M2222 transistors after irrsdiation to
PHI(SPEC) = 2.5%10 ~ neutrons/co® (1MeV silicon displacecent daczege equivalent). The collector current,
bias voltages, and tecperature for the test will be given in the device specitication.

An 11/0 LAY test will be used i.e., 11 devices will be irradiated to :!.SMI:)‘l3 neutr‘onslcuz and, if even
one device fails, the lot will not accepted. (In MIL-STG practice, if one part out of the first 11
fails, then o drawing of seven additional devices is allowed and the lot passes if there are no further
failures; this extension of the LTPD test will not be treated here.)

vith 90 percent confidence (i.e., C = 0.90), at lesst 90 percent af the lots shoutd pass; this assucption

was cade in 5.2.3.7 precisely so that exa=ples such as this one could be calculated. This assuption
together with assucption b.) cesns that P cust be 0.9,
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d. The characterization data was adequate to provide post—irrqgiation currcat gain values, at the required
collector current, bias voltage, and temperature at 2.5%10 - neutrons/cm . This data is shown in table
X111. Because this is an illustrative example, date is shown for only ten devices. In actual practice,
a sample size of 10 should not be considered adequate to support the calculation of an end-point limit.

For the values in table XIII, the following quantities may be calculated:

HEAN(LN(hFE(PHI(SPEC)))) = 4,591 and

STOEVCLN(h, (PHI(SPEC)))) = 0,107,
Assumptions b. and ¢., make C = 0.90 and P = 0.99. The size of the characterization sample is 10. For C
= 0.90, P = (.99, and n = 10, the one sided tolerance limit factor, Ky, is found in table XI1I to be 3.532.
The end-point Limit, RHEPL, is thus:

RHEPL = 4.591 - 3.532 + 0.107 = 4.213
In more familiar terms, the geometric mean value of the current gain for the ten devices in table XII is 93.6,
the plus and Dinus one standard deviation gains are 109.7 and 88.6 respectively, and the end-point limit for
the gain is 67.6 (= exp(4.213)). Lot acceptance tests for 2N2222 transiitors would then be performed in the

future by irradiating 17 devices from each lot to 2.5E13 neutrons per cm  and requiring that each device out
of the 11 have a post irradiation gain greater than 67.6; otherwise the Lot is rejected.

TABLE XIII. Post-irradiation data for ten 2n2222 transistors.

PHI(SPEC) = 2.5*1013 neutronslcm2 (1 MeV Si demage equivalent)
Device number hFE(PHI(SPEC)) tnCh (PHI(SPEC)))

1 108.8 4.689

2 105.4 4.657

3 93.7 4.540

4 97.7 4.582

5 102.6 4.630

é 104.5 4.650

7 84.1 4.431

] 10M.1 4.616

9 1M2.5 4.723
10 811 4.396

5.2.4.4.5 Case 2. lot-to-lot variations larger than within lot variations. Case 2 is applicable when
within-lot standard deviations are small compared to lot-to-lot variations. In this case, the effective sample
size for the RHEPL calculations is the number of Llots and not the number of devices used for the
characterization measurements. An approximate analysis method for this case was developed by I. Arimura and
A. Namenson and published in IEEE Trans. Nucl. Sci., NS-30, 4322, December 1983. The method assumes that the
parameters follow a normal or lognormal probability distribution but it can be modified for a different
distribution if necessary. Once again the assumption described in 5.2.3.7 is made, namely that the object of
the lot acceptance tests is, with 90 percent confidence, to have st least 90 percent of lots pass. It is
assumed also that an 11/0 LTPD test will be used for lot acceptance. This last assumption means that, again,
the individual part survival probability of the lot being tested for acceptance must be P = .99.

$.2.4.4.5.1 Sampling for multi-lot analysis. Ideally, there should be at least five lots with at least five
parts in each lot. If the within-lot variations are very small compared to the lot-to-lot variations, the
requirement on having at least five parts per lot may be waived.
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$.2.4.4.5.2 Steps in multi-lot analysis. The following steps are then used in the calculation:

a. Let the nucber of lots be N and the nuzber of devices in each Lot be n,. For the Ith lot, calculate
the pean volue and the standard deviation of the given paraseter. Specificaslly, for the ith, lot the
quantitics calculated are MEAN;(PAR(RAD)) and STDEV,(PAR(RAD)) as given by the following equations:

nl

1 —
KEAN | CPAR (RAD)T = — 3 PAR j (RAD}
"1 jen

vhere PAI!”(RAD) is the ceasured value of PAR(RAD) for the jth device in the Ith lot, and
STDEV [PAR (RAD)]=

n 172
1 [ 2
— 3 | PAR [;CRAD) -REAN | PAR (mm]
_nr1 jset

b. For each lot cultiply the standard deviation by 2.326 (see explanation below) and edd it to the pean
(addition is used for a paraneter that increases in value with increasing radiation Level). This gives
& Llipit:
Llﬂl e le(PAR(MD)) + 2.326 % STDEVl(PAR(RkD)) for the Ith lot.

c. For the N values of LIn, obtain the MEAN(LIN) and the standard deviation STDEV(LIN).

d. Look up the one-sided-tolerance-1linit factor Ky for 90 percent probability and 90 percent confidence
and for a sazple size corresponding to N, the nu-ber of lots.

e. Use the following equation to obtain the desired RMEPL:
RHEPL = MEAN(LIN) + K."_(C o 9, Pe .9, N)Y * STOEV(LIN)

5.2.4.4.5.3 The rationale of the oethod given abgve is to exanine the distribution of the 99 percentile
points of the different lots and trest theo as a normal (or lognorcal) distribution. For ecach lot, adding
MEANCPAR) + 2,326 * STDEV(PAR) gives the best estinate of the 99 percentile point because, for o standard norcal
distribution, 2.326 standard deviations ebove the cean includes 99 percent of the distribution. The factor
in step D sbove then is used to obtain en esticate that, with 90 percent confidence, 90 percent of the lots
will have 99 percent of their parts within the calculated RHEPL.

$5.2.4.4.5.4 An illustrative exarple of an RHEPL calculation for case 2. The tollowing exacple was taken froa

actual data on voltage shifts (deltas) ceasured after an fonizing rodiotion dose of 400 kRad. {This dats is
interesting for other reasons as well and, for those ressons, will be discussed in greaster detail in eppendix
11.) The lots do not all have five parts per lot, but the within-lot standard deviations are so scall compared
to the lot-to-lot variations that the case 2 pethod can still be used. The data in this exasple is treated as
a noroal distribution (instesd of a lognoroal distribution).

The valuss shown in table XIV yield the values shown in table VI.
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The values of LIM; in table XV yield following values:
MEAN(LIM) = -0.6192

STDEV(LIM) = 5.6715.

How for € =09, P=0.9, and N = & is

K_.
L 2.7, = L

RHEPL = -0.6192 + 2.493 % 5.6715 = 13.520.

n

493, The value for the RHEP

Future lot acceptance tests should therefore be performed against a voltage shift of 13.520 mv.
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TABLE X1V. Post-irradiation voltege shifts (deltas).

PHI(SPEC) = 400 kRads

Lot nucher Device nucber voltage shift (oVv)

1 3 -6.7%

1 2 -6.52

2 1 =5.46

2 2 -5.38

3 1 -3.76

3 2 -3.67

3 3 -3.63

4 1 -2.41

4 2 -2.18

4 3 -1.72

5 1 3.25

5 2 3.0

5 3 3.e

5 & 4.10

] 5 4£.23

5 & 4.62

é 1 1.26

6 2 7.28

é 3 7.33

6 & T.44
TABLE Xv1. Ranking datn and preparing for plot on noreal probability peper.

Unranked Data Ranked Date Rank P =

pata Attribute Dbata Attribute (i) i/(n+1) FBAR(P)
0.2372 ATIRIB. OO -2.5370 ATTRIB. O3 1 0.0476 -1.6684
=1.3551 ATTRIB. QN -1.6817 ATTRIB. Q7 2 0.0952 -1.3092
-0.6667 ATTRIB. 02 ~1.3551 ATTRIB. 00 3 0.1429 -1.0676
~2.5370 ATTRIB. 03 -0.9622 ATTRIB. 10 4 0.1905 -0.8761
-0.1477 ATTRIB. 04 -0.8430  ATIRIB, 16 5 0.2381 -0.7124
0.6332 ATTRIB. 05 -0.6667 ATTRIB, Q2 6 0.2857 -0.5659
2.0648 ATTRIB. 06 -0.5864 ATTRIB. 17 7 0.3333 -0.4307
-1.6817 ATTRIB. 07 -0.4012 ATTRIB. 13 8 0.3810 -0.3030
1.2512 ATTRIB. 08 -0.1477 ATTRIB., 04 8 0.4286 -0.1800
1.2845 ATTRIB. Q9 0.1326 ATTRIB. 12 9  0.4762 -0.0597
-0.9622 ATTRIB. 10 0.23M ATTRIB. 00 n 0.5238 0.0597
0.5161 ATTRIB. N 0.3928 ATTRIB. 18 12 0.5714 0.1800
0.1326 ATTRIB. 12 0.5161 ATTRIB. N 13 0.6190 0.3030
-0.402 ATTRIS, 13 0.6332 ATTRIB. 05 14 0.6667 0.4307
0.9639 ATTRIB. 14 0.963% ATTRIB. 14 15 0.7163  0.5659
1.8462 ATTRIB. 15 1.19466 ATTRIB. 19 %6 0.761% 0.724
-0.8430 ATTRIB, 16 1.2512 ATTRIB, 08 7 0.8095 0.8761
-0.5864 ATTRIB. 17 1.2845 ATTRIB. 09 18  0.8571 1.0676
0.3928 ATTRIB. 18 1.8462 ATTRIB. 13 19 0.9048 1.3092
1.1946 ATTRIB. 19 2.0648 ATTRIB. 06 20 0.9524 1.66B4
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APPENDIX A

A LISTING OF CORRESPONDING ERRIC AND MIL-STD SYMBOLS

10. SCOPE

10.1 Scope. This appendix is to establish a correlation between ERRIC symbols and MIL-STD symbols. This

appendix is not a mandatory part of the handbook.

only.

The information contained herein is intended for guidance

20. APPLICABLE OOCUMENTS. This section is not applicable to this appendix.

30. A LISTING OF CORRESPONDING ERRIC AND MIL-S5TD SYMBOLS

ltem

Currents

High leval input current

Low level input current
Output short circuit current
High level supply current

Low level supply current

Emitter-base cutoff current

Current flow into an input terminal
Input offset current

Input bias current

lero scale current

Full scale current

Impedances

Resistance

Input resistence

Cutput impedance

Output resistance

On resistance

On resistance

Time

High-low propagation delay time

Low-high propagation delay time

Erric
symbol

It
=
p=

IIL

1os

icc

icc

1EBC

L
(=]

1IN
OFSTI
1IBIAS
125

IFS

RI

wout

RON

RDS

TPHL

TPLH

38
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Cpu
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Reverse recovery tice TRR thr
Rise tice TR L
Fall tice TF L
Rejection ratios
Co—=on code rejection ratio tn RR <,
Positive power supply rejection ratio PUSRRP +PSRR

PSpp
Negative power supply rejection ratio PUSRRN ~PSRR

PSer
Gains and transfer ratios
Forward current transfer retio HFE bee
Power gain AP P
Maxicun autocatic gain control range BAGC Age
other
Hoise figure NF Hp
Slew rate SL RA Sp
Nonlinearity NL N
Pover supply sensitivity PSSIFS Pssles
Bit etrror BERR SIGRA-NL

39



TECHNICAL LIBRARY

MIL-HDBK-816

APPENDIX 8

10. SCOPE

10.1 Scope. This appendix deals with unfortunate but nevertheless frequent problems of suspect data. Part
characterization and lot acceptance are not complete without ascertaining the validity of the data. The
appendix will concentrate on grephic techniques for evaluating data. While data validation is important, this
appendix is not a mendatory part of the handbook. The information contained herein is intended for guidance
only.

20. APPLICABLE DOCUMENTS. This section is not applicable to this appendix,

30. INTRODUCTION

30.1 checking and validating data. The importance of checking and validating data cannot be emphasized too
strongly. Often, problems of faulty equipment, incorrect assumptions and human error will be known before data
analysis begins. After obviously suspect data have been removed, subtle data problems may remain whose
resolution will depend on the graphic techniques to be mentioned here. Such problems include deviations from
the assumed probability distribution, systematic effects and outliers. Though the methods are applicable to
a wide range of situations, this discussion will concentrate on using probability plots to interpret test data.

40. WHAT PROBABILITY PAPER IS AND WHY 1T IS USED

40.1 Normal probability paper. Figure 5 illustrates three different ways of depicting a normal distribution.
The upper curve is the differential probebility function for a normal distribution. The middle curve (the so
called "S-curve") is the cumulative norma! distribution (the integral of the upper curve) plotted in linear
coordinates. The bottom curve is the middle curve with the ordinate distorted so that the S-curve becomes a
straight line. When test data is plotted on this Latter scale, the eye can check their fit 1o an assumed form
by checking their fit to a straight line. 1/ Note that for normal statistics these plots exaggerate the
regions of very high and very law probability which are generally the regions of interest.

3
- z DIFFERENT AL
oy —] PROBABILITY
=% fLOT
=1
3
e "‘"‘""—-—._
/]
oy
b
o
o
99 .ux
99% —]
g98% — CUNULATIVE PROBADILITY PLOT
- 7Sz — OH PROBABILITY PAPER
a3
= S0X —
o 25x —
182
1%
0.1X

ARBITRARY UNITS

FIGURE 5. What is probability paper?

1/ But note, however, that the statistics of fitting a straight line to the data code does not follow the usual

regression anslysis.
explained.

his will become clear when the mechanics and mathematics of making the plots are

-
1




TECHNICAL LIBRARY

MIL-HDBK-816

APPENDIX B
TABLE XvI. Ranking data and preparing for plot on norcal probability peper.

Unranked Dsta Ranked Data Rank P=

Data Attribute Data Attribute i)  i/(ns1)  FBAR(P)
0.2372 ATTRIB. -2.3370  ATTRIB. Q3 1 0.0476 -1.6684
-1.3551 ATIRIB. -1.68%7  ATTRIB. O7 2 0.0%52 -1.30%2
-0.6667 ATTRIB. -1.53551 ATTRIB. O K 0.1429 -1.0676
-2.5370 ATTRIB. =0.9622  ATTRIB. 10 4  0.1905 -0.876%
-0.1477 ATTRIB, -0.8430  ATTRIB, 16 5 0,238 -0.M2&
0.4332 ATTRIB. -0.6667  ATTRIB. 02 6 0.2857 -0.5659
2.0648 ATTRIB, -0.5864  ATTRIB. 17 7 0.3333 -0.4307
-1.46317 ATTRIB. -0.4M2  ATTRIB. 13 8 0.3810 -0.3030
1.2512 ATTRIB. =0.1477  ATTRIB. 04 8 0.4286 -0.1800
1.2845 ATTRIB. 0.1326  ATIRIB. 12 9 0.4782 0.0597

0.23N ATTRIS. 00 11 0.5238 0.0597
0.3928 ATTRIB. 18 12 0.5714  0.1800
0.5161 ATTRIB. 11 13 0.6190 0.3030
0.6332 ATTRIO, 05 14 0.6667 0.4307
0.9439 ATTRIB. 14 15 0.7143  0.5659
1.1946 ATTRIB. 19 16 0.7619  0.72¢
1.2512 ATTRIB. 08 7 0.8095 0.8761

-0.9622 ATTRIB.
0.5181 ATTRIB.
0.1326 ATTIRIB.

=0.4012 ATTRIB.
0.9639 ATTRIB.
1.8462 ATTRIB.

-0.8430 ATTRIB.

prrun 03BIRRRER2E

-0.5864 ATTRIB. 17 1.2845 ATTRIB. 09 13 0.8571  1.0676
0.3928 ATTRIB. 18 1.8462 ATTRIB, 15 19 0.9048 1.3092
1.1946 ATTRIB. 19 2.0648 ATTRIB. 06 20 0.9524  1.6684

40.2 Different kinds of probability paper. The kind of probability paper exict for different kinds of
probability distributions but the discussion here will deal alrcost exclusively with norcal and lognorcal
statistics. Lognorzal probability paper is the sace 23 norocal probability paper except that the shscissa is
a logarithaic instead of & tinear scale.

40.3 obteinipg_probability paper. Probability paper cay be purchased for cost of the coc—only applied
distributions (e.g., norcal, Weibull etg.). Cocputer cade plots require calculating ordinate positions froo

functions F(p) vhere P is b probebility, F(Y) is o cuculative probobility distribution function and F(p} is

its anti-function. (That is F{F(y))=r.) Often 8 look-up table with interpolation will be sutficient to
generate such a function. For the noroal distribution, cany texts tabulate fep) o3 Ip.
50. RAKING PROBABILITY PLOTS FRON TEST DATA

50.1 The basic plot. The construction of plots on probability poper will be explained by exarple. Table
XVl shovs 20 simuilated data points drawn froa a norcal diatribution (col. 1) together with their attributes
{col. 2). In this case the attribute is the atring "ATTRIB. * followed by the sequence of the point (ios. 00
through 19). Coluzns 3 and & of the table are the points reorronged by ronk with their ottributes preserved.
Coluzn 5 is the rank, i, of the ordered points and coluzn 6 is the probability P = i/(N+1) where N is the sacple

size, (In this case 8 = 20.) Ffor cocputer oade plots, coluymn 7 gives the function F(py for s narest

----- 25 Ferr3, Yew TRNSS raes

distribution. Figure & shous the resulting graph. HNote the fit to a straight line.

)
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SAMPLE OF 28 POINTS DRAWN FROM STD.NORHM.
DISTRIBUTION
0.980

0.950
0.900

| S N
’

0.750 -

0.500 -

PROBABILITY
"

0.250 —J o

0.100 —
0.050 -{ -

0.020 T T T T T 1

-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00
ARBITRARY UNITS

FIGURE 6. Sample normal probability plot of 20 points - simulated data.

50.2 "Coloring” the points. The points may be portrayed with different colors and designs according to their
attributes so that any systematic effects in the data would become apparent. Figure 7 shows the plot of figure
6 with the points colored according to whether their first digit is zero or one. Clearly the sequence of the
point has nothing to do with its rank,

50.3 One-sided tolerance limits. One-sided tolerance lines may be drawn on the plot so that confidence
Limits may be read directly from the graph. On figure 7 the confidence lines use an approximation given by
Natrella (see 2.1.2). If S and M are respective best estimates of the s.d. and mean, the 50 percent confidence
line is very nearly a straight line with slope 1/5 and intercept M with the horizontal 50 percent probability
line.

50.4 Step-stress measurements. In some cases, the values will be accompanied by experimental uncertainty.
A typical kind of uncertainty results from step-stress measurements where a parameter or stress-to-failure has
merely been determined to be between upper and lower bounds defining a “bin." In such cases, it is advisable
to plot the center the bin and display the uncertainty as a horizontal Line whose full width is the bin size.
A graph of this kind gives a quick check of how the measurement uncertainties compare with the s.d. of the
distribution. If these uncertainties are comparable to the s.d., then step-stress analysis may be necessary.
For normal distributions, plus and minus infinity are valid bounds for a step stress measurement (e.g., a device
which survived a maximum test (evel) and ploiting such bounds requires some creativity. A suggestion is to
display the finite (lower or upper bound) and use an arrow painting to plus or minus infinity. See figure 8
showing a step-stress probability plot.

50.5 Step-stress measurements and staircase plots. In some cases, particularly in determining stress to
failure using a step-stress measurement, more than one part may fail within a2 given "bin", If the ith through
jth parts all failed within the same bin, then probabilities i/(N+1) through j/{(N+1) should be plotted all with
the same center and same "error bar".
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SAMPLE SIZE SO

0.990 — ///
0.980 — 108 ——— d
CONF IDENCE e
0.950 — (=2
& 0.900 —
&2
> 0.750 -—J
=
=
o« 0.500 —
= 903
- e CONF IDENCE
a- 0.250 —
0.100 -
) 0.050 -
©
0.020 — o
0.010 T -
-3.00 0.00 3.00
ARBITRARY UNITS
FIGURE 7. Plot of figure & with coloring end con!idence Llines.
50.6 Sumery. In summary, the procedurs for oaking probshility plots is:

a. Rank the points preserving their attributes.
b. Cocpute probabilities 1/(N+1) vhere § is the rank and N the sacple size.

c. Plot the probability vs. the value on probsbility paper. For cocputer oade plots this cay require
co=puting F(p) to deternine the ordinates.

d. Optionally color the points according to attribute to coke apparent any systeoatics in the date.

the one-sided tolerance Linits.

e. Optionatly draw

50.7 Soce fine points. The quantity i/(N+1) derives fron order statistics. hen N values are dravn froa

a unifora distribution froo 0 to 1 and renked, the average value of the ith ranked point is {/(N+1). For norcal

distributions soce prefer to use (i-0.3)/(N+0.4) as o better approxication for the average poaitions of renked
points. The difference is usually of no significance. There sre soce cases in the literature vhere probability

is calculated froa i/N but this is an erroneous procedure except in aspecial cases concerning truncated

distributions.

60. INTERPRETING PLOTS

60.1 Scrutinizing probsbility plots requires a fair acount of experience since there are cany ways in which

data can go wrong and cany situations wvhere good data cay be rejected because of subjective conciusions. This

section will attecpt to provide sooce feel for interpreting probability plots. Ve will display typicat plots,

strange looking plots, exazples of problematic data and an exacple of a step-stress ceasurecent.

60.2 Interpreting typical plots. To obtain typical plots on norcal probability paper, siculeted data seta
consisting of 50 points vere generated froo & noroal distribution. Figure 8 illustrates an ideal case vhere
about five points are sbove the 90 percent confidence Line and about tive points are below the 10 percent
confidence Line. Figure 9 shows a better than ususl fit vhere cany of the points coce close the confidence

Lines, but none are above the 90 percent confidence Line and only two are below the 10 percent confidence Line.

' i3
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Such fits are not unusual. However, if the data fit a straight Line too well and none of the measurements come
close to the 90 percent and 10 percent confidence Lines then nonrandon sampling is indicated. Figure 10 is an
example of a very bad fit (the worst out of 2000 simulated data sets). Note that points which exceed the
confidence bounds tend to group together because the ranking of points assures a correlation between adjacent
points. Probability plots are not typical regression plots.

SAMPLE SIZE SO O OVER 90X COMFIDENCE
10x
0.9390 — CONF IDENCE
0.980
(=]
0.950 :

0.900 —
0.750 —f ‘\\\\\\\\____ :
s0x

= CONF IDENCE
= 0.s500 —
[z =]
g -
2 0.250 —
[="

0.100 T

0.050 —

0.020 — o

Q0.010 T 1

-3.00 0.00 .00
ARBITRARY UNITS
FIGURE B 1d aL normal prohability nlot with 50 noints
imulated data.
SAMPLE SIZE SO 15 POINTS OVER 90X CONFIDENCE

0.990 —

0.900 —

0.9s0 -|

0.900 - 10%

_J CONF IDENCE

C.750
—
= CONFIDENCE
= 0.S00 ﬂ
= =
=2 o
=] 250 —
[=W

0.100 - >

0.050 -~

0.020 L)

0.o010 i ——— !

~-3.00 0.00 3.00

ARBITRARY UNITS

FIGURE 9. HNormal probability plot of 50 points with an overly qood butstill acceptable
-simulated data.
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60.2.1 Deviations froo a straight Ling. The eye is a fair indicator wvhen the plot deviates enough froa a
straight Line to suspect that o Goodness of Fit (GOF) test is needed. Even when deviations exist, the assuced
distribution cay be an scceptable approxisation if you restrict yourself to certain probability ranges and do
“sazple size™ corrections (discussed later).

60.3 Actual case histories and their interpretation. To cbtain a further feel for problems vhich will arise
in prectice, soce actual situations are presented and discussed.

60.3.1 Systeoatic effects and inhocogenecous lots. Table XVII shows o voltoge shift for 20 ICs (integrated

circuita) irradiated at 400 kRad. There were five ICs (indicated by attributes R1 through RS) esach having four
noainally identical circuits (indicated by attributes €1 through C4).

TABLE XVII. Voltoge shift _at 400 kRad.

Unranked data Ranked Data
Value Attribute Rank Value Attribute
4.60, RIC1 1 -5.70, R4C4&
4.31, R1C2 2 -5.17, R2C3

-2.00, RI1C3 3 ~4.95, R4C3
-2.13, R1C4 4 ~4.81, R2C4
7.71, R2C1 5 ~2.62, R5C3
7.67, R2C2 6 -2.13, RIC4
-5.17, R2C3 7 ~2.00, RIC3
-4.81, R2C4 8 ~1.95, R5C4
4.79, R3C1 9 ~1.80, R3C4
3.76, R3C2 10 ~0.98, R3C3
-(.98, R3C3 11 3.76, R3C2
-1.80, R3C4 12 4.31, R1C2
7.89, R4C1 13 4.60, RIC1
7.58, R4C2 14 4.73, RSC2
-4.95, R4C3 15 4.79, R3C1
-5.70, R4C4 16 5.08, R5C1
5.08, R5C1 17 7.58, Ra4c2
4.73, RS5C2 18 7.67, R2C2
-2.62, R5C3 19 7.71, R2C1
-1.95, R5C4 20 7.89, R&C1

&5
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SAMPLE SI1ZE S0 0 OVER 90X CONFIDENCE
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FIGURE 10. Normal probability plot of 50 points with an excepticnally bad fit -simulated
data. '

60.3.1.1 Example of inhomogeneous data. Ffigure 11 shows the resulting cumulative probability plot on normal
probability paper with the 90 percent and 10 percent confidence Lines. It is c¢learly not a typical normal
distribution. A goodness of fit test (to be discussed later) indicates only a 0.1 percent confidence that this
data could result from a true noroal distribution.
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SHIFT IN Vyg AT 400 KRAD

0.980 —

0.950
0.900

0.750

0.500

PROBABILITY

0.250

0.100
0.050

0.020 ] |
-8.00 0.00 8.00

VOLT. SHIFT {mV)

FIGURE 11. Norcal probability plot of actual data that exhibited systepatic effects.

60.3.1.1.1 Seeking the causes of inhocogeneity in the exscple. A study of the plot shows that the ICs cust
have cooe froo two distinct batches (one batch being ICs R1, R3, RS and the other being R2, R4}. In addition,
the response of the circuits varies systecatically according to vhich side of the die the circuit vas found (one
side being circuits €4 and €2 and the other being (3 and C4). Thus, any circuit betongs to one of four groups
es illustroted on figure 12. This figure is the plot of figure 11 without confidence Lines but with the points
"colored® to show how each group corresponds to a unique set of attributes. Systesatic effects are present,
this is en inhocogeneous lot and sacple size corrections (see 70.3 and ONA docucents referenced in 2.1.1)
indicate an effective sacple size of aix which is not in statistical dissgreecent with the fact that the data
separstes into four distinct groups. Any treatcent of this dats should use an effective sarple aize between
four and six and not esticate probabilities greater than ebout 84 percent. If the systen survivability were
to be calculated, the specific buy of parts (how cany batches) would be relevant inforeation. Often it is not
possible to find a set of ottributes which fit soce obvious cluzping of points. Hevertheless, it would recain
very Likely that systecatics ere a serious perturbetion and saple size corrections would be appropriste as well
as esticates of a caxicun relisble survival probsbility which could be esticated froo that effective sacple
size. A rore rigorous calculstion than that of MIL-HDBX-280 (see 2.1.1) is not yet ovailable in usable foro.
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MILLIVOLTS AT 400 KRAD
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FIGURE 12. Plot of figure 11 with confidence Lines omitted and points “colored".

60.3.1.2 Subtle systematic effects. We have seen that a typical signature of systematic effects is a
grouping of points by attribute with clear gaps between the different groups. 1n more subtle cases, the groups
may not clearly separate and the plot may roughly resemble a straight Line. Judgment will be required about
the presence of systematics and inhomogeneities.

60.3.2 PpPossible outlier and possible step-stress analysis reguired. Probability plots can sometimes be

useful in detecting outliers by examining whether the points at the extremes of the plot are reasonably near
a straight line fit to the points. The following example will serve the double purpose of illustrating a
possible outlier and illustrating a step-stress measurement.

60.3.2.1 Approximate lognormal distribution for this example. The distribution of stress to failure vas
found from previous experience to be approximately lognormal. Accerdingly, the logarithms of the upper and
lower bounds corresponding to each step-stress measurement were taken and the stresses to failure were expressed
in terms of an average logarithm of stress to failure and a spread in the logarithm between the upper and lower
bounds and the logarithms were treated as a step-stress measurement for a normal distribution. The points were
ranked by their average logarithms. Figure 13, the resulting plot, shows that step-stress analysis (see
Namenson 1984, "Statistical Analysis of Step-Stress Measurements in Hardness Assurance,” referenced in 2.2)
might be required.
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POSSIBLE OUTLYING POINT CONF IDENCE LINES
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" /S
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FIGURE 13. Double exacple of possible outlier and step-stress data - actusi data.

PROBABILITY

Ln STRESS

60.3.2.2 Possible outlier in this exacpie. The point corresponding to the highest stress to fsilure seens
too far off the curve (only its lower bound is alcost acceptable) hinting that it may be e&n outlier. Further
investigation revealed that in that one case, the stress was applied using o different geozetry than for the
other cases giving thot point an attribute vhich is not shared by any of the other points. Its distance froo
the curve and its unique attribute both contribute to a judgzental decision that the point is an outiier.

60.3.3 Lot-to-lot variations and within Lot variations. when cany lote ere involved (see 5.2.4.4.5), th
type of analysis which is perforoed will often depend on the relative cagnitudes of the Lot-to-lot variations
and the within lot varistions. In general, this information cust be extracted froa the data. The exacple in
60.3.1 of eppendix B further indicates that sometices a single Lot does not reflect a hocogencous population.
The lognorcal probability plot of figure 14 shows the opposite case where three different lots were ocixed
together to produced dota which is consistent with o single lot. Ho doubt, if a large acount of additional data
were obtained, systecatic lot-to-lot differences would emerge but for the data on hand, & single-lot analysis
is adequate with perhaps a sacple size correction for added precision and with Llinitations on the oaxicua
survival probsbility that can be guoted.
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HITHIN LOT & LOT TO LOT VARIATIONS CONFIDENCE LINES
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FIGURE 14. Within-lot variations exceed lot-to-lot variations.

60.3.4 Approximete distributions. 1In practice, there is often Little or no theory about the probability
distribution governing part parameters and stress to failure. Analysis usually proceeds on the basis sometimes
limited experience. It is, therefore, prudent not to extrapolate to very high probabilities on the basis of
s small amount of data. Figure 15, which will be explained more completely in 70.2, as an example of computer
generated data from simulations of chi-squared goodness-of-fit tests. Each data point represents a simulation,
The resulting simulated data turned out to be quantized at specific values {a small consideration) and to
deviate from a normal distributions at the high extreme. Only after performing thousands of simulations did
the deviations became apparent and it would have been unwise to 99.9 percent probabilities on the basis of fewer
than the order of 1000 samples. As a general rule, unless there is strong theoretical or empirical evidence
to justify the assumed probability distribution, when probabilities and confidences are quoted, the
probabilities should not be Less than the order of 1’Neff or exceed about ‘i—1)‘Nefil where N ¢; 15 the effective
nunber of tested parts. '
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SAMPLE SIZES: 20 S0 100
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NOTE: Plot shows hos devistions froa norcal foro cay not becoce apparent untit » sutficiently lerge
sacple size is taken.

FIGURE 15. Interpreting GO tests using n-3 equal-probability fones where n is sscple size.

7.1 further exanination of rensonability of data. We have seen that constructing probability plots is &
first step in evatuating data. The plots cen also be used to pet esticates of relative within-lot and lat-to-
lot variations and socetices affective sacple sizes. Though texts on probability theory have tests for specific
probleas, they cannot anticipate every cosplication that night arise and there is no replacesent for exanining
probability plots. In what follows we will nevertheless suggest, for the reader with scze faailiarity with
probability theory, sooe specific tests on the reasonability of dats.
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70.2 GOF {goodness-of-fit) tests. GOF tests are described in aimost every text on probability theory {e.g..
Natrella'. Usually, a proper test requires that the variable space from minus infinity to plus infinity be
partitioned into at least five contiguous zenes and with at least five devices in each zone. However, when
there is a small number of parts, these requirements may make the usual GOF test impossible and very insensitive
to glarlng problems. {t was found, however, by Monte Carlo simulation that the test seems to wark if the number
of zones is as large as N~3 even though this will mean that many zones will have Less than five parts. Figure
15 shows the distribution of chi- squared values for sample sizes of 20, 50, and 100 when the range of the
normally distributed variable from minus infinity to plus infinity divided into N-3 spproximately zones of
spproximately equal probebility. The "staircase" sppearance of the distribution of SQRC 2{CHISC)) ] derives
from the fact that the values of chi-squared can take on only discrete values. Evidently, the chi-squared GOF
test works after a fashion, even when the gereral rules for its validity do not hold. The curves of figure 15
may he used to svaluate the results of a chi-sguared GOF test. (Note that the number of dearees of freedom is

N-6 when the test is done with N-3 zones so clearly this test cannot be done with seven or fewer parts.) As
applied to the example of 60.3.1, the chi-squared was &44.5 yielding a 0.03 percent confidence that the data was
drawn from a homogeneous normal paputation.

70.3 sample size corrections. For this method to work, there must be approximatety the sams number of parts
in each "sublot® of an inhomogeneocus inspection lot. If the region of minus infinity to plus infinity is
divided into a recommended number of N-3 equal probability zones, the effective sample size, Neggr maY be
calculated from,

Noge = N % (N - 6.5) / (Actual CHISQ)

As applied to the example of 60.3.1 with an actual sample size of 20, the chi-squared of 44.5 gives an
effective sample size of six.

70.4 Use of confidence Lines. If confidence lines representing one-sided tolerance limits are placed on a
prohab1l1ty plot the number of data items to the Left of the Line is a rough test of whether there is anything
suspicious in the data. On the avarage, fraction  of the data items should lie to the left of the £ confidente
line. However, there are wide variations about the aversge. Since an analytic calculation of exactly how this
varies, a Monte Carlo simulation was performed. The probability that a given fraction of data items will lie
to the Left of the confidence Line seems to be independent of the sample size as illustrated by the histogram
of figure 16 for 90 percent confidence {ines. We can conclude that if fewer than 60 percent of the points Lie
to the left of a 90 percent confidence line, for example, then the data is suspicious. Figure 17 is & similar
plot for 10 percent confidence Llines.
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FIGURE 16, Expected fraction of devices which exceed 90 percent confidence line. Sacple sizes of 20
and 10Q.
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