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FOREWORD 
Th1s m1l1tary handbook 1s approved for use by all Depart111ents and Agencies of the Oepart111ent of 

Defense 

2 Beneficial c011•ents Creco111mendations, addit1ons, delet,ons) and any pert1nent data wh1ch •Y t>. of use 
1n improving this docuw,ent should be addressed to Spece and Naval Warfare Systeas Couand, Wash1ngton, DC 
20363-5100, by using the Standardization Document Improvement Proposal (DD Form 1426) appear1ng at the end 
of th1s document or by letter 

3 Caution This document has been assenbled as a guideline for the development of a dose-rate hardness 
assurance program for se ■ iconouctor electronics It 1s not intenoed to be used as a requirements docu■ent 
Th1s document 11ay not contain all the infor11ation neeoed to establish such a progra ■ 

4 This docutnef'lt discusses hm, data on t~ performance of an electronie part should be taken and 
docu■ ented so that it can be eas1ly analyzed and ho-., end-point li ■1ts for pass-fail lot acceptance tests 
should be calculated Although these guidelines specifically address the problem of radiation hardness 
assurance, many of the discussions given ■av be useful 110re generally to persons responsible for electrical 
response measurements and/or the development of procurement specifications 

5 During the writ1ng of th1s document and the discussions with many individuals relating to it, it became 
clear that the problem~ associated with taking and documenting good date and with analyzing it, were fer 
more difficult than the authors had expected As a result, the discussions given to data examination, 
Oocumentation, and analysis became much 110re extensive than had originally been 1ntended Having thus 
responded to a perceived need, the authors can only hope that the length of the document will not unduly 
deter the reader and that the extra detail provided about taking and analyz1ng data will prove worthwhile 
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PREFACE 
This document discusses how data on the perforMnce 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, 11c11ny 
of the discussions given 1aay be useful 110re 9-l'ally to person$ respona1Dle for electrical response 
measurements and/or the developtnent of procurement specifications 
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1 SCOPE 

1 1 Scope The primary obJective of th1s document ,s to provide guidelines and easy to follow procedures 
for the preparation of detailed device specifications for the procureiwent of ■ icroc,rcuits and sennconductor 
devices where radiation Hardness Assurance CRHA) is requ1red The gu1delines are applicable to "IL-"-38510, 
MIL-S-19500 microc1rcuit and semiconductor dev1ce detailed specifications as well as to other spec1f1cat1ons 
such as Source Control Drawings (SCO), Selected Item Drawings (SID), Specification Control Drawings CSCO), 
and Standardized Military Drawings (SHD) Recommended procedures are provided for characterizing the 
radiation response of a part and for obtaining post-irradiation end-point limits for qualification and Lot 
Acceotance Tests (LAT) 

1 2 Radiation hardness assurance at the p1ecepart Level These guidel1nes address radiation response 
measurement and hardness assurance questions at the p1ecepart level ln keeping with the present sche1ae for 
MIL-STD RHA device speci1ications, which only addresses ionizing radiation dose effects ~easured at 200, 
plus or minus 100 rads(Si)/second and d1splacetnent dalMQe effeets due to neutrons (see table I), these 
guidelines emphasize these two radiation environments However, ~cause the addition of dose rate ~nd 
Single Event Upset (SEU) specifications is now under considerat1on, brief mention of these two radiativn 
env1ronments 1s also 1ncluded The princ1ples discussed are applicable to both bipolar and MOS silicon 
transistors and integrated circuits, and to devices made from gallium arsenide and other semiconductor 
materials They have, furthermore, been presented 1n terms of the intrinsic perforunce character1st1cs of 
tne part independent of any syste~ 1n which it IIIBY be used For NIL-STD spec,f1cat1ons, the levels shown in 
table 1 are used as reference points. The general princ1ples may be applied to system specific 
requirements 

1 3 LAT enc-point limits The procedures for measuring radiation response characteristics and for 
calculating LAT end-point l1m1ts are discussed 1n ter1s of parts whose design and production processes are 
mature That ,s tnese gu1delines do not attempt to discuss the case where the part 1s still under 
development and its characteristics are still undergoing change It is recogn1zed that this Latter case 1s 
important and occurs frequently because system des1gners are interested 1n obtaining the most advanced parts 
for tneir syste11s The process of obta1n1ng LAT end-point Limits for such parts, however, involves test1ng 
and 1te 0 ative end-point adJustments bv the part manufacturer and the svste~ parts engineer~ and designers 
which would be difficult to formulate as a set of generalized steps wh1ch could be applied to a variety of 
svsterr needs Because MIL-STD procure■ents of RHA devices use attribute Lot Tolerance Percent Defective 
(LTPD 1 LAT tests exclusively, the end-point limit d1scussions here emohasize LTPD tests 

: 4 Lo~ vield devices If sample costs are affordable, the LAT methods discussed will be performed on 
samote~ of the devices themselves ln the case of \len Large Scale Integration (\/LSI) devices tor which 
onlv Lo~ yields can be achieved, one possible option might be to use devices tor LAT which are acceptable 
trom an electrical pe~forma~ce standpoint but do not meet all the normal visual acceptance criteria Such 
devices are said to be selected according to "alternate" v1sual criteria Another possible option 11ight be 
to use test structures for LAT which have been processed on the same wafers as the Lot unoer cons1deration 
By test structures are meant simpler and less expensive microcircuits which have been designed specifically 
to correlate with the rad1at1on response character1stics and failure levels of the subJect \ILSl circuit, 
radiation tests on the test structure can then be used to estimate the performance characteristics of the 
VLSI circuit The use of test structures for LAT cannot be rec0t1mended until data and experience show 
definitively that test structure responses correlate reliably with the actual devices 

1 5 Generic qualification proqra11 A tunclalllefltally different approach to quality assurance, fro• that 
oased mostly on testing the end product, is now being i~olemented An overly simpl1fied descript1on of th1s 
aporoach is to Sa} that it is based on tests which will continuously measure the quality of the start1ng 
materials and of the production process itself and allow the material purity and the process to be 
controlled so that overall quality is not only Ninta1ned but 1s improved with time This approach, whicr 
uses a Qualified Manufacturers' List (QHL), 1s not yet in place and the way in which hardness assurance will 
be acrieved under it has not vet been oetermined With respect to the military standard procurement or 
"JAN'' ~vsterr this approacr, 1s al•o term!'d "Generic Qua,,flcatior" (GQl because ,twill allow a vendor tc 
oualit, a particular proouction Line and then to ship e variet, of part type~ trom that Line without having 
to quality each ne~ part type separatel, (as 1s reouired under the present qualified parts list or QPL 
scheme) GQ will be important oecause it is expected to improve radiation response un1formity over extended 
per1ods of time Figure 1 shows some of the features of the proposed generic qualif1cat1on system A new 
draft controlling document has recently been issued by Rome Air Development Center (RAOC) (see MIL-1-38535) 
This document includes RHA requirements in all the appropriate sections but does so only 1n general terms 
A "strawman" plan entitled "Methodology tor Including Radiation Hardness Assurance in the Generic 
qual iflcation Program" is presently undergorng rev1ew 
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APPLICABLE DOCUMENTS 

2 1 GovernRent documents 

2 1 1 Spec1f1cat1ons, standards, and handbooks The following specifications, standards, and handbooks for ■ 
a part of this document to the extent specified herein Unless otherwise specified, the issues of these 
docu~ents are those listed in the 1ssue of the Oepartaent of Defense Index of Specif1cat1ons and Standards 
(OODlSS) and supplement thereto, cited in the solicitation 

SPECIFICATIONS 

l'IILITARY 

DNA-TR-84-220-V1 Hardness Assured Device Specificat,ons for Hoderate Requireaents 

DNA-TR-84-220-V2 Hardness Assured Device Spec1f1cat1on a 4K X 1 Cl'IOS/SOS Static RAP!. 

DNA-TR-81-90 Hardness Assured Device Specifications 

l'llL-S-19500 Semiconductor Devices, General Specification for 

l'IIL-M-38510 M1crocircu1ts, General Specif1cat1on for 

STANDARDS 

l'IILITARY 

MIL-STD-750 Test Methods for Sem,conducto• Devices 

MIL-STD-883 Test Methods and Procedures for Microelectronics 

HANDBOOKS 

MILITARY 

DNA 5909F Total-Dose Hardness Assurance Guidelines for Sem1conductor Devices 

DNA 5910F Piece Pa•t Neutron Hardness Assurance Guidelines for Semiconductor Devices 

Total Dose Haraness 
Microcircuits 

Assurance Gu1del mes far Semiconductor Devices and 

l'IIL-HDBK-280 Neutron Hardness 
M1croc1rcuits 

Assurance Guidelines for Semiconductor Devices and 

MIL-HDBK-339(USAF) - Cust011 Large Scale Integrated Circuit 
Veh1cles 

Developeent and Acau1s1tion for Space 

MlL-HDBK-814 Total Dose arid Neutron Haraness 
Devices and Microc1rcu1ts 

Ass.urance Guide l 1nes for Se11i conductor 

AFWL-TR-86-20 Guioel,nes to Hardness Assurance tor Nuclear Radiation 

DNA-TR-86-29 Dose Rate Hardness Assurance Gu1del1nes 

DNA-TR-8t-3E Haronest Assurance Guidel ,ne to• MIL-HDB~-33c; (USAF J C.ustom Large ~cale 
Integrated Circuit development and Acqu1s1t1on tor ~pac~ Ven1cles 

HDL-CR-81-015-1 Des19n Guidelines for Transient Rad1at1on Effects on Tactical Army Systems 

HDL-SR-86-1 Nuclear Hardness Assurance and Hardness Ha1ntenance for Army Tactical 
systems Part 1 Initial Nuclear rad1at1on, Thermal Radiation, and Air Blast 

(Unless otherwise indicated, copies of federal and 111il1tary spec1f1cations, standards, and handbooks are 
available from Defense Printing Service Detac~nt Off1ce, Bldg. 40 (CustoMer Service), 700 Robbins Avenue, 
Philadelphia, PA 19111-5094 ) 

3 
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2 1 2 Other Government documents, drawings, and publications The follow1ng other Government docu111ents, 
drawings, and publications for■ a part of this document to the extent spec1f1ed herein Unless otherwise 
spec1f1ed, the 1ssues are those cited 1n the s.olicitat1on 

SCR-607 Factors for One-Sided Tolerance l1m1ts and for Var1ables Sa~pl,ng Plans 

(Copies are ava1lable from US Department of Co111111erce, Nat1onal Techn1cal Info~~ation Service) 

HDBK Experimental Statistics 

(Copies are available from the US Govern111ent Printing Office, Washington, DC 20402) 

2 2 Non-Government publ1cat1ons The following d~cum~nts form a part of this document to the eKtent spec1f1ed 
herein Unless otherwise specified, the issues of the docu~ents which are DOD adopted are those listed in the 
issue of the OODISS cited in the sol1citat1on Unless otherwise specified, the issues of docu..ents not listed 
1n the DODISS are the issues of the documents cited in the solicitation (see 6 2) 

AMERICAN SOCIETY FOR TESTING AND KATERlALS (ASTM) 

1989 Annual Book of ASTM standards, Volume 12 02, Nuclear, Solar, and Geothermal 

1989 Annual Boo~ of ASTM standards, Volume 10 04, Electronics 

(Appl ,cation for cooies should be adoressed to rie American Society for 1est,ng and Materials, 1916 Race 
Street, Philadelphia, PA 19103-1187) 

3 ACRONYMS, DEFINITIONS, AND SYMBOLS 

3 Acronvms used 1~ th1~ standard The acronyms used ir. this standard are defined as follows 

AST~ American Soc,etv for lest1ng eno Haterials 

DESC Deiense ELectron,c Suppl, Cente 

DNA Defense Nuclear Agenc, 

DO~ Department o1 Defense 

E0 L End-Point Limits 

ERRIC Electronics Rad1at1on Response lnforrnat1on Center 

ESD Electrostatic Discharge 

GQ Generic Qualif1cat1on 

HA Hardness Assurance 

JAN Joint Army Navy (military standard) 

LA~ Lot Acceptance Tests 

LEi L rnea" Energ, Transfer produced when a h1gr energ, ionizing particle traverses e sol ia 

LTPD Lot Tolerance Percen• Detective 

MlL-STC M1litar, Standard 

MlL-HDBK - Hl l nary Handbook 

MOS Metal Onde SemicomJuc.tor 

4 
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NASA National Aeronautics and Space Administration. 

SPAWAR Space and Naval Warfare systems Command. 

PlPL Post-Irradiation Parameter Limit, the same as RHEPL in this document. 

PM Process Monitor. 

QA Quality Assurance. 

QCI Quality conformance Inspection. 

QN Quality Management. 

QML Qualified Manufacturer's List. 

QPL Qualified Parts List. 

QRA Quality and Reliability Assurance. 

RADC Rome Air Development Center. 

RHA Radiation Hardness Assured or Radiation Hardness Assurance. 

RHEPL Radiation Hardness Assurance End-Point Limit. 

SCD Specification Control Drawing. 

SEC Standard Evaluation Circuit. 

SEP Single Event Phenomena. 

SEU Single Event Upset. 

SID Selected Item Drawing. 

SMD Standardized Military Drawing. 

SOCD Source Control Drawing. 

SPC Statistical Process Control. 

STD Standard. 

TCI Technology Conformance Inspections. 

TCV Technology Characterization Vehicle. 

VLSI Very Large Scale Integration. 

5 
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3 2 General us-?9e for def1n1t1ons and symbols To make this report easier to read for those who will need 
to refer to ,t only infrequently, an attempt has been made to devise a 111athemat1cal notation which is 1110re self­
explanatory than the notations used in other recent reports related to hardness assurance This notation 1s 
used ,n the def ,n,t ions l 1sted ,n thu sect 1on and throughout the rest of the report As an example of the 
differences, the present notation uses "EAN(PAR) and G"EANCPAR) for the ■easured ar1th■et1c and geometric mean 
values, respectively, of a paran1eter, 1n several other reports an overl1ne on the word PAR 1s used to 1nd1cate 
the arithmetic mean value and PARN ,s used to denote the geanetr,c mean value Conversions to the other 
notations, if necessary, should present no d1ff1cult1es The following ,s a list of spec1f1c definitions 

Absorbed dose The absorbed energy usually expressed ,n rads 

c(lower case) The accept8!"1ce nu~ber in an LTPO test 

Confidence level The chance of reJect1ng a Lot where there is less than probab1l1ty P that any 
part tr011 the lot can pass the test cond1t1ons 

Dev,ce spec1i1cat1or, The contractual document to 11h1ch ar, electronic device 1s either sold or 
purchased 

Dl1fus1on Lot A set of wafers heated at one time 1n one diffus1on furnace. 

Dose See lon1z1ng Radiat1on Dose 

Dose rate Rads per second due to 1on1z1ng rad1at1on 

Exp(x) Napier•~ constant, e, to the X-th power Please note that an exponent can only 
be a pure number Therefore, 1f the notat ,on shows a variable that has a 
dimension (such as an 1on1z1ng rad1at1on dose expressed in rads, for example) 
as an exponent, it shou Ld be understood that the exponent has been made 
di~ens1onless by dividing it by a quantity having a value of one but w1th the 
same dimensions as the variable 1n question 

Fluence The accumulated number of irrad1at1ng particles per square centimeter 

Goodness of fit The degree to which a measured probab1 L 1ty d1str1but1on fits the assu11ed 
distr1bution the CHI-square test 1s cOIIIIDOnl} used to aeterm1ne the goodness 
Of flt 

10,()()(.1 ergs 01 abso~bed energv per gram, eQuaLs 100 raos 

1(Lower easel The subscript used to Label the i-tn device ,n a sample of devices 

!(upper case) The subscript used to Label the 1-th Lot 1n a sample of Lots 

lr--flux Measurements 111ade on a device while it 1s being irradiated 

loniz1ng radiation 
dose The accumulated absorbed energy 1n rads or Grays due to 1oniz1ng rad1at1on 

JAN parts JAN parts are Listed 1n the Qual1f1ed Products Llst (QPL) and undergo scheduled 
per1od1c audits by the qual 1fy1ng act,v1ty to PHL-M-38510 and IHL-STD-883 
requirements The JAN part takes precedence over the Standardized Military 
Drawing (SND) part 

TL (n,C,Pl One-sided tolerance L1m1t This factor takes into account the certa1nt1es 
resulting fro~ small samole size statistics It 1s applied to normal 
distributions as follows For a sample size n, ,t MEAN(PAR) and STDEV(PAR) are 
the measured mean and standa~d deviation respectively for parameter PAR, then 
1,,1,th confidence C, there ,, a prohah, lit)' P, that future measurements of the 
parameter PA~ will be less than 

HEAN(PAR) + KTL (n C, P) * STDEV(PAR) 

or Larger than 

MEAN(PAR) - KTL(n, C, P) * STOEV(PAR) 

LN(X) The natural Logarithm of X Please note that the argument of a logarithm can 

6 
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only be a pure nulllber Therefore, ,f the notation shows a Logarithm of a 
variable that has a d1mens1on (such as an ionizing rad1at1on dose expressed in 
rads, for example), 1t should be understood that the argu■ent has been made 
d1mens1onless by d1v1d1ng it by a quantity having a value of one but with the 
same diMens,ons as the variable 1n question 

Lot The population of parts fr011 which a saaple has been taken. 

Lot acceptance test The testing of a sa111pte of parts fr011 a lot to determine whether the lot 1s 
acceptable or not 

11EAI-HX) The ant haet i ~ 11ear, ,alue of X 

n 
MEAN (X) =2 E x 

n , " 1 

n 
e g MEAN [PAR CRAO)J=2 L PAR (RAO)1 

n , = 1 

GMEAN~X) The oeometric lor logar1t~m1c') mean value of X 
e g , MEAN [LN (PAR (RAO))J=- L LN (PAR CRAD ))1 

n , = 1 
GMEAN(X) = EXP(MEAN(LN(X)) 

e g , GMEAN(PAR(RAD)): EXP(MEAN(LN(PAR(RAD))l 

n(lower case1 The number of devices 1n a sample of devices 

tHupper case; The number of lots ,n a sample of lots 

Non-RHA device~ Parts that have not been tested w1tn radiation or parts that fail the rad1at1or 
test enter, a 

Standard devices Parts that Meet the cr1ter1a for Military standard (MIL-STD or JAN) 
spec1ficat1ons or for Standardized H1litary Drawings (SHDl. 

Nonstandard devices Parts that do not meet the criteria for l1il1tarv Standard CHIL-STD or JAN) 
spec1f1cations or for Standardized H1l1tary Drawings (SMD) There are three 
types of nonstandard parts that ere used for •1l1tery procuretient. They are 
as follows a) Selected lte■ Drawings (SID), b) Source Cootrol Drawings (SOCD), 
and c) Spec1f1cat1on Control Drawings (SCO) 

Not-rn-flux Measurements ude on a device when ,t 1s not being 1rrad1ated 

OSTL One sided tolerance l1m1t 

Plupper case) The probab1l1ty that an; part from a lot can pass the test cond1t1ons, also 
called the p1ecepart survival probability 

PAR The pre-rad parameter value measured for the 1-th device1 

PAR (RAD) The post-rad parameter value measured for the 1-th device1 

Ph1(spec) The racl1atioo level required ,n the device spec1f1cat1on for lot acceptance 
tests 

RAD Equals 100 ergs of absorbed energy per gram 

7 
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Radiat1on hardness 
assurance The application of methods and procedures during the procure111ent of an 

electronic system to ensure that the radiation response of the systet11 is within 
known and acceptable limits 

Radiat1on hardness 
maintenance Procedures applied dur1ng the deployment phase to ensure that the system's 

operational procedures, tnaintenance requ,retlef'lts and aging characteristics 
maintain the system's hardness These procedures include tests and 
inspections 

Radidtion hardness 
surveillance Per-iod1c inspection and testing during the l 1fetime of deploved svste11s to 

ensure that, within acceptable tolerances, the radiation responses of the 
systems reuin adequate for mission completion 

RHA devices Parts labelled by Letter designators which 1ndiceite theit the part type has 
passed lot acceptance tests based on a sample of dev1ces tested to the device 
specification radiation levels 

Selected item drawing 

Standardized 111ilitary 
drawing 

A specif1cat1on that 1s written against any standard part when the system 
design has a cr1t1cal requirement not covered by the standard part 
spec1ficat1on (JAN or SMD) The acronym for this term 1s SID 

A specification written for parts which are listed in MIL-BUL-103 and for which 
DESC has II certificate of compliance to HIL-STD-883 Approved $0Urces of 
supply are listeo on this arawing Periodic compliance ver1ficat1on audits are 
pertormedata do not contain an) faulty measurements or nonrandom effects The 
oats should be examined also tor suffic1enc) Data examination 1s all the more 
imoortant when a significant amount of time has elapsed between the 
character12ation 11easure111ents and the data analysis o" when the person or 
organ1zat1on undertaking the data analysis is different from the persons who 
tooK the data rn the ii rst p Lace Some of the most common reason~ tor 
suspecting that data ma, be bad are discusse-d bel01, 

4 GENERA_ CONSIDERATlONS 

4 • Device performance ,n the rad1at1on environment Many militarv and civilian electronic systems must 
operate reliably in radiation environments The oes1gn of sue~ systems therefore requires that the performance 
of the 1ndi,1dual component semiconductor devices 1n radiation environments be characterized The production 
of the systems then further requires that the parts purchased for production have characteristics at least as 
good as those on which the design was based These guidelines discuss how to characterize the performance of 
se•1conductor devices 1n rad1atian environments and how to obtain hardness assurance through device procurement 
specifications based on the characterization data Appl1cat1ons to an existing systet11 of Military Standard 
(MIL-STD or JAN) detailed specifications for Radiation Hardness ~ssured (RHA) devices are emphasized but the 
discussions may be applied also to other part specif1cat1ons Radiation hardness assurance is generally 
achieved through the use of Lot Acceptance Tests (LAT) in which parts from the lat being purchased are 
irrao,ated and tested Because the MIL-STD lot eicceptance tests rely Largely on pass-fail tests in which a 
part's performance is compared to a spec1fled end-point l1111t, tnese gu1delrnes discuss, specifically, ho.. 
Radiation Hardness Assurance End-Point Li~1ts (RHEPL) for such tests should be calculated from the 
characterization data 

4 1 1 Dearad1na effects of rad1at1on The performance of semiconductor devices can be degraded by exposure 
to rddiat 1or, which produces ionization or displacement damage Depending on the type ot radiation rncioent on 
the oe, ice, tne rate at which energv is absorbed, end the total accumulated amount o• absorbed energ, the 
oevice performance can be oegraded permanent I, or temporar, l, Examo le~ of temporary degradat ,on are (a) 
c1rcu1t upset due to the instantaneous photocurrent produced throughout the device b, a short pulse of high 
1ntensit> ion1z1ng rad1at1on or (b) circuit upset due to the collection of charge from a single, local, 1on1zed 
particle trac~ 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 Srngle Event Upsets (SEUs) 
hamples of permanent damage are (a) device fa, lures due to ato111i c d 1 splacements produced in the se1111 conductor 
(usually by neutrons), (b) failures due to trapped charge in insulating layers, which are present ,n most 
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devices, produced by ion1z1ng radiation, or (c) latch-up or burnout produced by photocurrents or by single 
1on1zed tracks Trapped charge effects are sometinies called ionizing rad1at1on dose effects or total dose 
effects However, because of t111e dependent effects after 1rrad1at1on, spec1fy1119 the total dose 1s not 
considered adequate for descr1b1ng these effects 

I+ 1 2 Rad111t 1on hardness assurance If nondestruct we electr1cal nieasureaents alone could be used to pred 1 ct 
the ~rforMance of a pert type 1n a rad1at1on environaent, then the hardness assurance proble■ would be largely 
solved One of the cases where such measurements have proven useful has beer that of us1ng transistor current 
gain-bandwidth product, ft, measurements to screen out (by requiring ft to be above some min1 ■u~ value' parts 
wh1c~ would be extra sensitive to neutron displace~ent da111age For 1on1z1ng radiation dose, it 1s necessary 
to use actual radiation tests to assure the radiation response of a oart In practice, rad1at1on hardness 
assurance is achieved 110st c01M10nly thrc,ygh the use of LAT which are ~rforwied on the lots that are being 
purchased 

4 1 3 Dose rate tests for the dose rate upsets discussed previously, if sufficient care 1s used, radiation 
tests can be nondamag1ng Thus, parts which have been tested can be used for production In this case 100 
percent of the perts to be used tor systea production can be tested (screened) and a high degree of assurance 
can be obtained that the parts will meet system require11ents Caution is still re,quired, because there exists 
some possibilit}, especially for complex 111crocircuits, that the screening tests conducted will not have covered 
the wor-st case conditions or exercised all possible paths Report number ONA-TR-86-29, 14 November 19B5, 
ent ,t led "Dose Rate Hardness Assurance Guidel mes," may be coosulted for a deta1 led d1scussion of this proble11 

4 1 4 DisolaceiRent daMoe, stead, state 1on1zat1on and single event upsets For displacement daMge, steady 
state 1on1zat1on effects, and single event upsets, the radiation tests are da111aging and it is generally not 
possible to use the tested parts in the syste11 The use of da111aging rad1at1on tests thus produces the central 
problM of hardness assurance, namely, that est111ates ot the survival probability of the parts to be used in 
the system must be based on statistical inference fr0111 a tested sa~ple of parts which are degraded by the tests 
and therefore cannot be used 1n the system This problem is compounded by the tact that production processes 
can varv so that the currently produced radiation hard parts 11ay not be tvpical of those that were measured 1n 
the past This case, wt11ch is C0ftllll0f1, has ~ carefully reviewed by both users and inanufac:turers ot 
semiconductor devices The consensus opinion 1s that, if no additional intor111at1on is available, the degree 
of naraness assurance obta,neo rror the deta,leo specification 1s limited statistically to that provided b, the 
radiation LAT or Qualitr Conformance Insoect,ons (OC!) tha~ are pertor,ne,d (the terw QCI is reserved tor tests 
performed bv the 111anufacturer before the lot is aporoved for sh1P411ent) 

4 2 MIL-STD procurement system In order to make high rel1abil1tr hardness assured oev,ces available to 
designers and manufacturers of systems, the existing HIL-STD procure•ent syste~ was augmented a few years ago 
to include RHA se1111conductor devices At the present t1me, JAN RHA parts are labelled by letter designators 
which 1ndicRte that the part type has passed lot acceptance tests based on a sample of parts tested at the 
radiation levels shown in table I. 

4 3 Lot acceptance tests Lot acceptance tests are used ,n the NIL-STD syste~ for deter•ining whether a 
production lot 15 of high enough quality so that it can be sh1pped by the vendor The tests ere of a 
statistical nature and fall 1nto two general categories· (a) attribute tests and Cb) variables tests 

4 3 1 Attribute va~1ables tests Attribute tests are the tests most often used in the HIL-STD procurement 
systew for this reason, these guidelines will be directed at the use attribute tests for lot acceptance 
Variables tests, on the other hand, are often used for qualifying and accepting syste~ production perts and, 
for such use, •av depend on the particular hardness assurance and derating procedures that the given system is 
using Variables tests, therefore, more properl, should be discussed as part of a system hardness assurance 
guideline document and, for that reason, are not discussed in detail here 
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TABLE 1. Military standard RHA detailed specifications. 

Hardness assurance Levels 

* Letter designator 
tt

Ionization effects tt*Neutrons 

I NO RHA NO RHA 

M 3 X 103 rad(Sl) 2 X 1012 

D 1 X 104 rad(SI) 2 X 1012 

R 1 X 105 rad(SI) 2 X 1012 

H 1 X 106 rad(Sl) 2 X 1012 

For microcircuits, the letter designator for RHA parts replaces the slash in the part number;* 
e.g., 3851CJ!!291A in place of 38510/291A. For discrete devices it is a suffix, e.g., JANTXVE. 

tt At a dose rate of 200 rads(S1)/SEC plus or minus 100 rads(S1)/SEC. 
1r1r* 1 MEV silicon displacement damage equivalent neutron fluence. 

4.3.2.2 Advantages and disadvantages 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. Acceptance criteria for lots can 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 The 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 c of the parts fail the test then the Lot is rejected. The significant test 
result for each part is the attribute of passing 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 Multiple sampling. Some attribute tests allow the drawing of extra samples if lots fail on the first 
try (multiple sampling plans). A c01111110n 1111.1ltiple sampling plan used in the MlL-STD system, for example, is a 
test of 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. If 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 c which is the chance of rejecting a Lot where there is less than a probability P that 
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 usually given in terms of 90 percent confidence and a quantity called the Lot Tolerance Percent Defective 
(LTPD) which may be found, for example, in MlL-M-38510, the general specification for microcircuits. These 
tests are, therefore, COIIIRIOnly also 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 LTPO test will therefore provide 90 percent 
confidence that a Lot with 20 percent defective parts or greater will be rejected. In terms of the probability 
P mentioned in 4.3.2, LTPD equals 1 minus P. 
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4 3 3 Variables tests Variables LAT tests measure a post-1rrad1at1on parameter and apply statistical 
analysis using approximate or exact probability d1str1but1ons to describe the var1ab1l1ty of that para■eter 
(hence the ter• variables) Usually pre-1rrad1ation values are also aeasured and they often figure 1n the 
analysis (e g, 11hen the quantity of interest ,s the change in the parameter, so.et1 ■es referred to also as the 
parameter "delta") Sometimes the var,eble of concern ,s the stress to failure 

~ 3 3 1 Advantages and d1s8dvantages of variables tests The MJOr advantage of variables tests 1s that a 
high probability requ1reaent may be 1aposed even ,f the sample size 1s only IIOderate (typically 10-50 parts) 
A d1sadv1mta9e 1s that the ■easureaents and analysis are generally 110re eotnplex and expensive The IABJOr 
disadvantage, however, ,s that assumptions IIIUSt be inade about the probability d1str1but1on governing the failure 
of parts If the dntnbution 1s very 11ell known, then this technique can yield high probabilities with high 
confidences H011ever, it is usually difficult to icl')C)l,I the •wings" of the d1str1bution accurately Therefore, 
extrapolations to excessively high probabilities (such as O 999) based on experience 111th only a few parts must 
be regarded with skeptic,s ■ lt is important to note that, for s0111e k1nds of electron1cs effects Ce g, latch­
up), there ,s very Little reliable information about the nature of the governing probability distribution 

4 3 3 2 Variables tests depend on tolerance limits Var1ables tests depend on tolerance l1~1ts which inust 
be compared with the given spec1f1cat,ons for the parameter or stress A Lot 1s reJected 1f the parameter 1n 
question deteriorates beyond an acceptable Limit (or if the stress to failure is below the required 
spec1f1cat1on) The tolerance limits are chosen such that with confidence C, the probab1l1ty 1s at least P that 
parts will not fail the test 

4 3 3.3 Confidence and probab1l1tv for var1ables tests There 1s a confidence C of reJecting a lot 1f there 
is less than probability P that any part 1n the lot will meet the specified parameter (or stress) tolerance 
l 1m1t 

4 3 3 4 Loonormal distribution The most commonly assumed distribution for the testing of electronic parts 
is the Lognor11al d1str1but1on (1r, the Lognornial d1str1but1on it ,s the logarithm of the quantlt) that ,s 
normal LY distributed) The normal distribution 1s also frequently used Other probability d1str1out1ons which 
nave been suggested for s0111e circumstances are the Weibull d1str1but1on and the extre11e value distribution 
I~ enougr parts have been tested, the characterization data can be examined, perhaps with a chi-square test, 
to see which type o4 d1str1but1on fits best 

4 3 3 5 Ram1f1cations to variables tests As ,n the case of attr1bute tests, there are 111any ramifications 
to the use of variables test5 lr, some cases (e g , step-stress tests) the uncerta,ntv ,n the 11easured 
parameter or stress can be of importance In other cases a two-sided tolerance limit may be of importance 
Because f"IIL-STI' device spec1f1cations use attribute LTPD tests al1110st exclusively, this document will not 
address the ways in which var1ables tests may be used It should be recognized, however, that, when systems 
require very high p1ecepart survival probab1L1t1es, variables tests for lot acceptance mav become necessary 

4 3 4 Sampt1ng statistics The word confidence, as used here, refers strictly to sampl1ng stat1st1cs and 
,s the chance of re1ect1ng a lot where there is less than a probability P that any part ,n the lot can pass the 
test conditions. The general practice is to take this confidence as the confidence that ship•ents will be 
acceptable This latter use of the word confidence is a matter that ,s being d1scussed in the st,ll s0111ewhat 
controversial subJect of Bayesian statistics and ,s beyond the scope of this document The 111p0rtant point ,s 
that the latter conf1dence aay only be approx111111ted and involves Judg•ental decisions A common practice ,n 
hardness assurance ,s to take the sampling statistics confidence as the confidence that accepted parts will 
survive This ,s an approximation which, though usually valid, may sometimes Lead to error Perhaps the best 
JUSt1ficat1on for such an approximation is that ,t 1s usually not the maJor factor which limits the accuracy 
end cont idence levels as.oc1ateg with .y.te111 survi vab1 l ,ty est 1mates and r1 sk assessments Often, a more 
d1fflcult proble11, for example, is simulation +,delity (does the test accurately represent the threat 
environment that 1s specified for the svstem) 

4 3 5 Reasonability of ris~ assessment results The maJor point of the above discussions ,s to show the 
approximate nature of risk. assessment Excessively high survival probabilities, such as, for example, a 
survival probability of O 990999 (so called 6-n1nesl may be unreliable fore number of reasons First of all, 
such numbers can only be obtained from el(t rapolat ions based on an exact knowledge of the probab, L, ty 
d1str1but1on However, because rad1at1on tests use modest numbers of parts and the parts which are tested 
cannot be used afterwards, knowledge of the assumed probability distribution ,s never adequate for such 
extrapolations Thus, for example, some accidental occurrence during the production of the parts may, with a 
probability exceeding 1 minus O 999999, produce a part which does not fit the probab1l1ty d1str1but1on assuned 
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for the maiority of the parts, the presence of such parts cannot be detected with confidence by the safflple sizes 
which are typical of radiation tests At the 6-n,nes level also, hu11111n errors 1n 111ak1ng ineasureaents or in 
handling the parts can become a s19n1f1cant failure mode which 1s totally outside the assumed causes of part 
failure 

{/') PERFORM PRE-RAD NEASUREMENT 
LLIU 
u­........... 
> {/') IPERFORM IRRADIATIONSw­
oo: 

LU 
lLl 1--
0:: U PERFORM POST-RAD MEASUREMENTS::, c:(
v,a:
<t:c:( 
LU :i::: 
z:u RECORD AND OOCUNENT PRE-ANO POST-RADIATION DATA 

c:( ..J 
..... a.. 
c::: I- w 

z :r 
LIJ ..... a:: 
1--0 -
c:( Cl.. 
....J {/') 
=:, Cl 1-­~, z....,. 
....JW~ 
c:( ...... 
u ....J 

SELECT DESIRED LOT ACCEPTANCE PROBABILITY AND CONFIDENCE 
LEVELS FOR LTPD TESTS 

i 
SELECT RHA LTPO TEST REOUIREHENTS 
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FIGURE 2 Flow d1aora~ for characterizing and spec1fv1ng the ~rtorMnce of se1111conductor 
devices 1n a radiation env1ronfflent 

, ~ Part characterization Figure 2 showt tne ma1or step! b) which character1zat1on data is ~easured and 
usec' for calculating the RHEPL which are then used ,n the device procurement specification for rad,at ,on 
qualification and LAT An important point shown on figure 2 is that an obJective must be selected fo~ the LAT 
(or QCI) tests and that the RHEPL are then calculated to meet that ob3ective (the acronym PIPL, standing for 
post-irradiation parameter l1m1ts, ,s also used) Thus, for eKample, the obJective could be to set the end­
point l1m1ts so that, with 90 percent confidence, at least 90 percent of future lots may be expected to pass 
a 22/D test Pre-rad measurements are essential when the change (delta) in the value of a parameter 1s of 
greater interest than the absolute value of the parameter Although they may not be essential when the absolute 
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value of the parameter 1s the important quantity, they are nevertheless highly des1rable F1gure 2 and 
subsequent d1scuss1ons, therefore, include pre-rad measurements as part of the character1zat1on procedure 

4 5 Considerations beyond the scope of this document 

4 5 1 Incorporating edditional r!ldiation and nonrad1ation infor111ation If infor11111tion is obtained 1n 
addition to that provided by the given LTPO test against the RHEPL contained in the deta1 led device 
spec1f1cation, then, for particular system applications, there are several Methods by wh1ch RHA part survival 
probab1t1ties can be obtained which are higher than those which correspono to the LTPO test alone These 
methods include The use of the next higher radiat1on level RHA part, radiation overtests, the use of lot 
reJect1on intormat1ori, the use of variables testing for LAT, and the use of derated parameter values As an 
exainple, most svste~s manufactur,ng co~panies are already fa~il1ar with use of derat1ng factors for temperature 
and aging Radiation derat,ng factors 11ay be used in 11Uch the same way and can thus be fitted into existing 
practices These methods properly belong in a docuMent on systeM level hardness assurance and are not further 
addressed here 

4 S 2 Further complex questions The statistical questions involved in hardness assurance and lot acceptance 
tests range in complexity fro~ cases for which the analysis methods are relatively straightforward to those for 
which the required formalism is still being developed In the former instances, these guidelines provide si11ple 
step by step procedures that may be used for the analysis of the characterization data In the latter 
instances, which are bevond the scope of this document, these gu1del1nes can only suggest approaches which are 
overl, conservative or recommend that statisticians be consulted for less conservative but still valid analyses 
In the latter catl'9ory are cases where the w1th1n-lot variations are comparable to lot-to-lot variations (in 
this case the definition of sample s,ze can becotne uncertain), cases of cOfflbined environ111ents or cOllbrned 
parameters, and cases where not enough data 1s available The 1987 paper bv hamenson and Arimura, listed in 
2 2, ma1 be consulted for an approach to multi lot and ~ultiparameter data analvs,s 

5 DETAILED REQUIREMENTS 

5 Character, zat 10n of p1ecepart performance ,n rad,at ,on env, ronments ts~ figure 3) The first step 
reou1red tor developing a device specif1cat1on ,~ to characte"lZe the radiation response of the part type in 
auest1on Such a cneracter1zat1on tor one or more radiation environments reou1res measurement of its post­
irrad1at1on per-forrnance anc usuall) its pre-1rrad1at1on performance a~ well The parts, generally, should 
be characterized through to failure so that the specifications can be written, if necessary, for the iaaximu~ 
capab1lit, of the part tvpe Fo• the present discussion it 1s assumeo that the purpose of the character1zat1on 
measurements 1s to support the calculation of parameter end-point L1m1ts for qual1f1cat1on and LA, tests 1n a 
MIL-STD detailed spec1f1cat1on and that satisfactorv data for the part type ,n question does not alreadv exist 
In this case, the characterization measurements should be such as to per11it these calculations to be 111ade for 
tne radiation levels given 1n table l Alternatively, the character1zat1on measurements niay be required in 
direct support of a hardened system design or production (custom specifications) In this latter case, the 
parameters wh1ch are measured and the types and fluence levels of the rad1at1ons wh1ch are used should reflect 
the system requirements and the spec1f1c vendors who are expected to be suppliers for the syste11 The 
character1zat1on measurements should also determine the radiation Levels required to cause part failure, such 
1nfor111Bt1on can be important for esti11ating the design margin when the part 1s used in soae part1cular 
application 

lo s1mpl1ty the present d1scuss1on, we assUllle that the average post-irradiation performances of a part type may 
differ for different 111Snufacturers and, tor a g1ven tnanufacturer, 111ay differ fr0a1 one lot to another, but that 
the average radiation response cnaracter1st1cs of a part type, for a given ,anutacturer, do not s1gn1f1cantl) 
change with time This latter assumption mav not always be warranted It 1s needed to keep the 1nit1al 
discus~1on of data measurement and analvsis free of the add1t1onal complex1t1es that t1111e variations produce 

S 1 1 Documentation o1 character1zat1on 1nfor111at1on Experience has shown that the analysis of rad1at1on 
data at a future time or oy persons other tnan those who performed the measurements 1s enormously fac1Litated 
by good documentation of the test results At the same t1me, a need to analyze previously acquired data or data 
acquired by others 1s common For these reasons and because new measurements are costly, these gu1del1nes 
recommend that the overall characterization measurements be summarized 10 a character1zat1on report and that 
the conditions under which the measurements were made be documented in a test plan which 1s included 1n the 
characterization report lhese documents should further1110re be suff1c1ently complete so that independent data 
analyses can be performed on the results contained therein 
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5 1 1 1 Character1zat1on report The steps required to characterize the performance of a part are shown on 
figure 3 and d1scussed in the sect1ons that follow In general, the discuss1ons 1dent1fy the decisions that 
have to be Mcie and the factors that should be cons1dered for each topic. The 1nforaat1on developed 1n these 
steps 1s then to be docuaented in the character1zat1on report S011e of these ,teas w1ll also be l1sted 1n the 
overall test plan for the aeasure111ents Th1s approach preserves all the 1nfor11at1on that 1s developed ,n the 
progra~ but k~ps the test plan as short as possible A check-off list of all the steps required for the 
character1zat1on 111easurenients is given 1n table II 

SELECT LOT FOR TESTING 
YES 

SELECT SAMPLE PARTS 

NO 

SELECT ELECTRICAL PARAMETERS 
l­
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IRRAOIATION? 

NO 
DOCUMENT IN THE CHARACTER[ZAT[ONREPORT• PART IDENTITY, 
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F1GURE 3 flow d1orarr tor character1;1na the performance at semiconductor devices ,r a 
rad1at 1or, 

env1ronmen~ 
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TABLE ll Step by step procedure for characterization measure■ents 

Step Check-off ite~ 

Start preparing the characterization report The characterization report will document the 
1nfor11111tion issuing fr011 steps 2 through 25 

2 Identity the manufacturer 

3. Specify a way of selecting a rando■ sample 

4 Specify sample size and distribution in t111e 

5 Select the samples, include extra parts for equipaent checkout 

6 Record device identity for each sample device, include traceabi l lty to process lot 1f 
applicable 

7 Select radiation environments 

8 For each rad1at1on env1ron~ent, select test parameters 

9 For each parameter, select test conditions, if possible, post rad conditions should be the same 
as the pre-rad cond1t1ons Include location in test cell, bias conditions, etc 

10 Specity a data tormt 

11 Start preparing the test plan The test plan wi LL be a subsection of the characte~izatior 
report that will document the inforinat1on issuing from steps 12 through 24 

12 Perforw pre-rad ineasurements 

~3 Examine measuretnen~ results tor bat devices or data outl1e~s 

1~ Replace bac oev1ce or repeat measurement, whichever ,s indicated 

15 Record measurement conditions and results according to the specified data format. 

16 For each radiation environment, select irradiation facility 

17 For each radiation environment, specif) 1rradiat1on cond1t1ons, and device operating cond1t10f'ls 
during the irradiation 

18 Esti111ate device failure levels 1ncluding possible abrupt failures. 

1° Specify 1rrad1ation step-stress fluences or dose rates to ensure an adequate set of 
measure111ents 

20 As requ1red, check out the 1rrad1at1on procedure, test f1xture, and 111easur1ng equ1p111er1t w1th 
spare perts 

21. Perfor~ rad1ation exposures and record 1rradiat1on conditions 

22 As required, perform 1n flux or post radiation measurements 

23 Examine measurement results for bad devices or data outliers 

24 Replace bad dev1ce or repeat measurement as indicated 

25 Record post irradiation 111eai.ure111ent cond1t1ons and results ,n the characte~,zation report 
according to the spec1f1ed data format 

26 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 inanufacturers to supply that part 
for government procurement should be 1dent1fied lf the part type 1s already a JAN type, the QPL w1ll serve 
as a starting point DESC and the preparing act1vitie$ for the m1l1tary standard procureinent system (RADC, 
SPAWAR, and NASA) shcx.lld be consulted, however, to learn whether additional vendors ffllght be in the process of 
qualifying for that part type. lf the part in question is to be supplied to a Standardized Military Drawing 
(S1'10) or other governaent specification, then the list of vendors will need to be obtained e1ther from DESC or 
the cognizant proJect office 

5 1 3 Selection of randoll test satnples Saaple parts for testing should be selected at random Because of 
cost, pa~t availab1lit), schedules, etc , it ~av not always be practical to obtain an adequate set of saqiles. 
The procedures discussed under data analysis in 5 2 4, will still aoolv but will produce increased uncertainties 
in the result~ which will reflect the inadeouacy of the sample of parts which was used for the characterization 
One wav ct sav1ng costs might be the use of parts which have passed group~ electrical perforaance tests and 
a,ternate visual criteria, this possibility is mentioned for VLSI parts in particular but could have application 
whenever the cost of saniple parts is a Limiting factor It is always advisable that the test parts have gone 
through t>urn-1n 

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 rando~ fashion from each lot of parts that 1s 

being used and the lots nee-d to be selected so that they represent, as accuratelv as possible, product1on 
characteristics The production variations which are of concern are (a) variat1ons over time, (bl variations 
from one wafer Lot to another, (cl variations frOIII one wafer to another in a wafer lot, and (d) variations of 
tne dev,ces from one region of the wafer to another 

A few extra sa~ples should be obtained to cover the possibil1tv that some devices niay, in later measurements, 
prove to be either bad devices or outliers which will need to be replaced 

5 1., 1 Recoomended sample size To meet the concerns \ic;ted in the previous section, the following 
quantities, tor each venoor and tor each radiation environment, are recommended 

a Three wafer lots taken at least 1 month apart 

c five waters per wafer lot 

Five aevice5 pe· wafer taken one fro~ tach auaarant and one from the center 

A te.i extra samples should be obtained to cover the poss1b1 l ity that some devicer 111a,, 1n late• measurements, 
prove tc be eithe· bad oevice( o• outliers wh1cr w1ll need to be replaced See 5 2 4 1 ~ tor a discussior of 
bad devices or outliers 

5 ~ 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 
s1 ■ 1lar to that of another part 

5 1 4 3 Min1ru■ sa ■ ple sizes The sample size recommended in the previous sect100, for each vendor and 
radiation environment, ,s 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 1s the m1ni11UM sa-.ple size wh,~h $hould 
be used for a characterization 111easure111ent, the more parts the better For this 1111nimum sainple size, the 
recommendation is that five different lots be sa■pled and that five samples per lot be taken A sample of 25 
will at least allow a ooodness of fit test to determine whether the parts' behavior belongs to a well defined 
statistical d1st~1bution If the relevant parameters degrade gracefully with r&aiation BOO if the probab1l1ty 
distr1but10~ is known well enough, then five or even as few as three parts from each lot might be adequate 
Larger samole sizes will reduce uncertainties about the nature o• the governing probability distribution and 
will thereo¥ perm1t better pertorinance est1111ates fo• the parts remaining 1n the oopulation from which the sample 
was drawn Sample sizes which are too small ma, result ,n characterization data with large stat,stical 
uncertainties These uncertainties can result in overlv conservative decisions about how the part should be 
used or purchased and may lead to costs which will more than undo the savings produced b} the s111all sample size 
No s1mple prescription for selecting sample size can be g1ven Relevant factors, ,n addition to part cost, 
which will affect how large the sample size should be (tor each vendor), will include the amount of previous 
knowledge available about the part and the var1abil1ty of the parts' performance on a single wafer, w1th1n a 
wafer lot, and from lot to lot If lot to lot variability 1s large compared to variability within one lot (a 
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not uncom110n occurrence) then, in the data analyses that are performed, the sample size effectively becomes the 
nu•ber of lots and not the nullber of perts tested 

5 1 4 4 SaMple sizes in characterization report The number of saraples to be tested, for each vendor, ,s 
to be included in the characterization report and 1n the test plan 

TABLE III Device 1dent1ty 1nfor111at1on 

a Device identification number 
b Generic part number 
c JAN part nulllber (1f applicable) 
d Name of the manufacturer 
e Lot date code 
f Lot nUlllber (wafer lot nu~ber, if available) 
g Wafer number (if applicable) 
h Serial number (for each device) 

Package type 
Special selection criteria (if applicable) 

5 1 5 Device 1dent1tv number and pedigree Serious proble~s ,n analyzing data have also been experienced 
because the device that was tested was not adequately ident1f1ed The 1nforut1on needed to establish an 
adequate device identity 1s shown ,n table Ill This 1nfor111at1on should be recorded ,n the characterization 
report As discussed in 5 1 7 5 on data for111at, a subset of the table Ill inforaat1on should be included when 
the actual test data is recorded and tabulated in the characterization report It should be recognized that 
radiation response characteristics, especially for 1oniz1ng radiation dose, can be very sensitive to processing 
conditions Thus, to the ..axi11U■ extent practicable, all processing steps and equ1p•ent should be documented 
tor the Lot unde~ test Whenever possible also the Lot under test should be a wafer lot, because a wafer Lot 
is defined as one for wh1cn all processing step~ are the same and performed with the same equipment ln the 
case o' JAN class S device~ water ioent1tv is also available and shoulo be recorded 

~ 1 b Select1or of radiation environments The characterization report and the test plan should identity 
the radiation environments, such as neutrons, 1on1zing radiation dose (total dose) and dose rate, also the type 
of radiation, 1 e , whether electrons, 9am111a 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 that of 
selecting the test parameters to ensure that no parameters are overlooked which might be especially sensitive 
to a particular radiation environ~ent For the two radiation environments of pr1nc1pal interest here, namely 
neutrons and 1onning rad1at1on dose, the ef'fects are expected to be mdependent and character, zat 10n 
measurements can be 111ade separately for the two environments If the effects frOll two environments are expected 
to depend on each other, as for example, temperature effects on dose rate induced Latch-up, or 10111 zing 
radiation dose effects on SEU sensitivity, then each pert will have to be exposed to both env1ronaents If the 
given part type is known to be very hard to a particular rad1ation environment as, for exalft!)le, an l'IOS device 
mav be to neutrons, then characterization measurements for that type of radiat1on 111c1y be 01111tted Careful 
consideration should be given, however, to the poss1b1lity that intentional or parasitic sensitive ele•ents 
(e g, bipolar devices in the l'IOS example cited) M~ be present 1n the device. 

5 1 ~ Selection of test parameters All the oaraaeters that are to be measured need to be selected and 
listed ,n the test plan NorMBLLy for JAN parts, the subset of group A electrical permneters that are known 
to be sensitive to the selected radiations will be used In some instances, the change 1n the value of a 
parameter 1s aore significant thon the absolute value of the parameter for those cases, the test plan should 
specif~ that the change, o~ delta, ,n the parameter value be measured 

5 1 7 lest conditions and parameters to be recorded The parameters or circuit functions that need to be 
measured will have to be identified and Listed 1n the report and ,n the test plan along with the experimental 
conditions under which the 111easurements are to be Mde The specified conditions should include both the 
nominal and the worst case cond1t1ons under which each parameter should be •easured They should also include 
such quantities as, bias voltages, operating frequencies, and ambient temperatures before, during, and after 
irradiation for the worst case measurements, the report should contain recommendations on how such conditions 
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may be derived or at least bracketed (circuit analyses tnay be required to arrive at worst case conditions) 
This section of the report may also be used to identify, for each paraiteter that is to be aeasured, what value 
of the para111eter constitutes device failure Such definitions are needed 1n connection with the fluence to 
failure ~easurettents recommended earl1er for perfflitt1ng estinat~s of design aargin to be llilde for particular 
applications failure ■ay be either para■etr1c failure, loss of functionality, or degradation to the point 
where the dev,ce can no longer be used 

5 1 7 2 Objectives of the test conditions and para111eters The selection of test cond1t1ons and test 
parameters will depend on the obJectives of the test, time and budget constraints, and, possibly, other factors 
For each test, ho\iever, the inforaat1on listed ,n table IY should be recorded in the characterization report 
As 1s discussed in 5 1 7 5 on data foraat, a subset of the table IY information should be included when the 
actual data is tabulatec and recordPd in the characte~izat,on report Experience gained b~ the DNA sponsored 
ERRIC 1s the basis tor most of the recommendations contained in these guidelines regarding data require111ents 
and format 

S 1 7 3 Narrat lVe 11,tor111at ,on The narrative in tormat ion listed ,n the table IY , s used to provide a further 
descr1pt1on of the device and the test conditions required for each test 

5 1 7 4 Svmbols A partial list of MIL-STD symbols for particular device parameters and the corresponding 
'-ymbols used b)' ERRIC 1s given ,n appendix A A standard list 1o•h1ch all users have agreed to use does oot exist 
tor device parameters As a result, different symbols are sontetimes used by different organizations for the 
same device parameter ERRIC can receive data labelled in any way and uses a narrative c011111ent as part of the 
data storage to make sure the device parameter is properly identified lt data processing programs are used 
tor analvz1ng the behavior of particular para111eters, provision should be made for recognizing some limited set 
of the sv ■ bols for the parameter in question ,n addition to those given in appendix A 

, 1 7 S Soecihcanon of a data for11at Although data for111at would appear to be a s1111ple matter, past 
experience has shown that severe difficulties can be encountered, particularly with co•puter12ed data analysis 
progra ■ s, if a standardized oata forriat is not used to record the data Because the accumulation of radiation 
response infor11at10(1 in a centralized data bank can help avoid dupl1cat1on of such measure ■ ents and 1s therefore 
highly oes1rabLe, the oate for11111t recoaaended nere is the one used by ERRIC 

TABLE IV Pre- and oost-,rradiat1or ■easurement intor111et1on 

a Name ano organization of test engineer 
b List of equipment useo tor 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 111easure111ents) 
g A complete ti111e history of the ind,v1dual irrad111tions and the post-irradiation nieasure111ents 

(especially necessary for ionizing radiation dose (total dose) because of time dependent effects) 
h Ambient and/or case temperature 

Sa11ple size 
J Electrical measurement results for each parameter 
k Narrative 1nformat1on 

S 1 7 5 Oef1n1tion of a test number 1n ERRIC ln ERRIC, a unique test number,~ assigned to botn the pre-
and post-rad measurements that are lllade on a single parameter under a srngle set of bias or operating 
rond1tionz, for all device$ in the sa~ple and for all the radiation fluences used The information which ,s 
common tc a unique test number ano which can be useo tneretore a5 the heading tor tha, test number 1s listed 
in table V Pre- and post-rad test result~ obtained to~ all the samole oev,ces tnat are covered b, the same 
head,ng are then Listed under a single test number Table Vl shows an example ot how ERRlC data is recorded 

For test number 2 and subsequent tests made on the same devices and for the same irradiation conditions, the 
first three lines of 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 number _1_, Test date 10-21-85 

Type o• radiation Neutrons, Rltdiatlon facility PPII 

Device type DAC-08, Manufacturer ~ Lot date code 

Parameter ill£_, Uni ts 

Test conditions and narrative information 

a Bit high speed multiplying DIA converter (device description included only for test nuRlber 1) 

b Reference bias current (parameter description) 
c V+: 15 V, V- = -15 V 
d Measured 24 hours after the end of the irradiation 

Measurement data 

Device Radiation Level 
serial PRE-RAD 2 OOE12 6 OOE12 1.00E13 
number 
0271 2 00 2 00 2 00 2 00 
0272 2 00 2 00 2.00 2.00 

TABLE Vl Information commor to a uniguP test number ir ERRIC 

a Singte tyoe of radiation and corresponding test facility 
b Single part tvpe 
c Single manufacturer 
d Single test date (post-rad) 
e Single lot date code 
f Single water lot nullber (if available) 
g Single parameter Measured and associated bias or operating cond1t10ns 
h Narrat111e ,nfor111at ,on (should inc Lude information about the , rrad1at ,on cond1 t ions and t 111e hutory 

of the irradiations and the electrical measurenients) 

S 1 8 Test plan Figure 3 (see S 1 1. 1) and table 11 (see 5 1 1 1) show the 11111Jor steps involved in 
character1z1ng the rad1at1on response of a part Also shown are the steps which are included 1n the test plan 
The test plan should, as a m1n1mum, address the pre-irrad1at1on measurements to be 111c1de, the irradiations to 
be performed, the post irradiation measurements to be made, and, finally, should specify the data docu111entat1on 
reqy1re■ ents and forut 

5 1 6 1 Advantages o• a good test plan The development of a detailed test plan is recommended as a wa) to 
make characterization measurements eft1cient A good test plan will minimize costs b, specitvino the data set 
which will meet the o~Jectives ot the measurements and bv opt1m1z1na tne use ot radiation test facilities and 
part samples The test plan should also fac1 l ,tate subsequent data analvs1s b, specifying a data format which 
will be eas) to use and will protect against inadvertent omission of required data points b} providing a chec~ 
list for the measurements 
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TABLE VII ERRIC data fortnat for test nunber 2 1n a series 

Test nu111ber L, Test date 10-21-85 
Repeating test 1nformat1on Same as lines 2 and 3 for test number 1 
Parataeter .llL, Un its 11A 
Test conditions and narrative 1nformat1on 

a Zero scale current (parameter aescr1pt1on) 
b V+ = 15 V, V- = -15 V 
c Time of measurements referred to the end of the 1rradiat1on 

Measurement data 

1>e111ce Rad1at1011 level 
serial Pre-rad 2 OOE126.00E121 OOE13 
number 
0271 4 20E-5 2 OOE-56 50E-51 67E-4 
0272 -2 OOE-6 4 70E-59 OOE-52 54E-4 

5 1 8 2 Pr~1rr&d1at1on measuretnents and data examination lt the pre-irradiation characteristics are 
measured, the 111easuret1ents should be made according to the conditions listed ,n table IV (see S 1 7.2) and 
recorded 1n the format given ,n table VI (see 5 1 7 5 1) and table VII (see 5 1.7 5 1) The data should be 
exa1111ned to malce sure that there are no bad measure111ents, devices or oata outl 1ers ,n the sample. This 
examination 1s important to Keep bad data from being entered into the report If bad or anomalous data are 
taKen, this fact together w,t~ an explanation of why the data is not being used should be recorded ,n the 
characterization report even 1f the data are not sen~ to ERRIC or s0111e other data bank The annual books of 
ASTM standards, listed 1n 2 2, contain 11111n11 O' the test 111ethods that can~ useo tor 11Sking radiation response 
measurements 

: 1 8 3 Caution Caut1or, should be exercised whef' dev'ces ere handled particularl\ with regard to pin 
alignment ,r, the holding fixture and \Jhen the devices are 11ttached to the test c1rcu1t Buss voltages should 
be oti during attachment ESD handling procedures should be observed for the class of parts be1ng tested 

5 1 8 4 lrradiation conditions The 1rrad1ation conditions and tne reasons for selecting them should be 
discussed in deta, l ,n the characterization report and su1111!18r1Zed in the test plan The ,nforinat1on to be 
included in the test plan 1s Listed 1n table VIIl The various questions that need to addressed in selecting 
the irradiat1on cond1t1ons are discussed 1n the sections which follow for each of the selected radiation 
environments, the plan should include the test facility selected, the responsible organization and personnel, 
recommended dosi111etry techniques, the 118X111UI' fluence or 1on1z:mg rad1at1on dose to be reached (whenever 
possible, the rad1at1on levels should be high enough so that most of the test devices can be aade to fail), and 
whether dev1 ce 11easurements wi tl be made ",n f luxu, , e , while the dev, ce 1s being 1 rrad,ated, or whether 11 

series of discrete irradiations with 11easurements following each 1rradiat1on will be 1118de In the latter case, 
which 1s sometimes 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 time dependent 
effects can be very important, especially tor ionizing radiation dose, a complete t1111e history of the 
irradiations and the post-rad1at1on or in-Hux measurements should be recorded This t1111e history should 
include the start and stop times of both the 1rradiat1ons and the measurements as well as the rate at which the 
ion,z1ng rad1at1on dose was delivered The test plan should state, whene11er possible, that a standard 
1rrad1at1on test 111ethod should be used and give the appropriate reference 
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TABLE VIII Irrad111tion conditions 

a N1111e of the radiation test facility 
b Naae and organization of radiation test engineer 
c List of dos1 ■eter types and readout equipment 
d Date of irradiations 
e Irradiation run number 
f Nutlber of saMples in each 1rradiat1on 
g Placement of samples with res~ct to the rad1at1on source 
h Radiation facility operational IIOde 

For each 1rradiat1on, flux or dose rate, fluence or 1on1r1ng rad1at1on dose, start and stop t1 ■es, 

and ambient or device case temperature 
1 Device bias conditions and whether in-flux measurements will be made 
k Start and stop t1111es for post irradiation measure-,,ts, mcluchng ■easureiaents llade during a series 

of radiation exposures (particularly important for ionizing radiation dose because of the t1 ■e 
dependent effects which can occur) 

5 1 8 5 Estimates of device failure levels io reduce costs and to optimize the usefulness of the data 
obtained, it 1s 1111p0rtant to estimate the expected failure levels for the selected device type and radiation 
environment before full scale characterization measurements are begun Device failure will usually be defined 
as parametric failure but mav sometimes be defined as functional failure In the case of paranietric failure, 
it 1s well known that different failure li~1ts can be defined for different device applications For the 
present purpose, eng1nt-er1ng Judgement should be used to define a fa1 lure l 1111t for each para111eter being 
measured The important point ,s that the lowest stress level which renders the dev,ce unacceptable should be 
considered as the failure level Est1111ates of failure levels will have to based either on previous experience 
and data or on measurements on a few parts frorr the available samples The steps by which the failure points 
are estimated should be documented in the characterization repo~t Because the definition of para•etric failure 
depends on the intended device applicat1on, the estimated failure points will only be 11pprox1111etely correct 
The, will neverthelesr be useful for adJusting the 1rrad1at1on increments and the total fluences to inatch the 
exoecte-d device performance ine irradiation increments ano the total fluencet selecteo on the basis of the 
estimated ia1 lure points shoulo be listed 1n the test plan After the character,zatior measurements are 
completed, oevice fa1 lure po,nB can be more accurately defined 

5 1 8 6 Gradual degradation For devices which degrade 9raduaU~ as they approach failure, ,twill generally 
be useful to measure post-irrad1at1or performance characteristics as a function of accumulated radiation fluence 
or 1on1zing radiation dose because such results can be used to 1nterpolate or, in s0111e cases, extrapolate the 
part's performance to radiation levels other than those used 1n the tests For such devices, the number of 
1rradiat1ons and the rad1at1on increments should be made commensurate with the expected failure levels It 1s 
worth noting that a gradual approach to failure may not always be monotonic, someti11es a parameter may first 
increase with radiation fluence and then subsequently decrease This behavior means that, 1n the MIL-STD syste• 
and tor the radiat1on Levels shown ,n table I <see 4 2), a part type that has been qualified at a higher Level 
may not meet the same RHEPL at a lower level Qu11l1f1cat,on at a higher Level should therefore not mean, 
automatically, that the part 1s also qual1f1ed at a lower level unless care is taken to select the RHEPL so that 
it does not show Less degradation at the higher level 

S 1 8 7 Abrupt failure Some devices 91ve little or no 1nd1cat1on that a rad1at1on failure point 1s being 
approached, unt1L the~ fail abruptl7, usually abrupt failures occur as loss of funct1onal1ty The cla1 ■ has 
somet 1mes been made that there is usual l; some gradual Ly deter1orat ,ng pa~ameter which can be used as a 
predictor of abrupt failure (e g a flip-flop c1rcu1t fa1l1ng functionallr when the fanout capability of the 
c1rcu1t, as 1nd1cated b, the s,n~ current, de9rades past a certain point) As a pract1cal matter, however, a 
device must be considered tc tail abruptly when there ,s no 1eas1ble Wd' to pin-point its ta1lure level by mean~ 
of interpolation An estimated ta, lure level 1s also important tor such devices and should be used tor 
select1ng the number anc! increment value tor the irradiations such that the abrupt 1ailure point will be 
narrowly bracketed Wnenever poss1ble, the most desirable measurement 1s to monitor the device while it 1s 
being irradiated to determ1ne the exact stress level where failure occurred Again, the estimated failure point 
w1ll have to be based on previous data or on measurements on a limited semple s,ze before full scale 
characterization measurements are made 
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5 1 8 8 Opt1111.1m use of radiation fac1l1t1es Such factors as the number of devices which can be 1rrad1ated 
at one time, the length of t111e required for the 1rrad1at1on, and the length of t,ae required to complete post­
, rrad,at 1on 11easure11ents should be cons1dered when an 1rrad1at1on achedule 1s being planned The selected 
1rrad1ation schedule should then be 1te11,zed 1n the teat plan. 

5 1 8 8 1 Selection of rad1at1on levels For each type of radiation end for each Ht1aated dev1~ failure 
level, a series of 1rrad1at1ons should be selected so that data is obtained ac:,st efficiently The lowest level 
of rad1at1on should be below that which produces any failures ln general the subsequent 1rrad1at1on 1ncrements 
w1Ll be sizeable fractions of the failure level If s1gn1f1cant nonlinear behavior 1s produced, however, then 
the locat ,on of the non l ,near reg11:,n 11Ust be est 1aate<i and the rachat 10n 1ncre11ents should be IMlde suller than 
they are outside of 1t The highest rad1at1on level should be high enough so that all of the tested parts will 
fail This selection will not onl} allow the de~1ce spec1f1cat1on to be written for the 111Bx1111.1■ capability of 
the part type, should that be nece$sary, but will provide inforllll!ltion on how close the part is to failure for 
a given syste■ application 

5 181 1 Selection of rad1at1on Levels and abrupt failure For step stress 111easure111ents encl the presence 
of abrupt failure, the proper select100 of rad1atior, stress levels ,s of particular ill!)Ortance bee.use a bad 
choice can compronnse the measure~nts The spacing between stress levels should be as Slllilll as feasible At 
the very least, care should be taKen to assure that the spacings are sinall coapared to th 0 est1111ated standard 
dev,atioo of the fa,lure fluences for the parts to be tested An est11111te of this standard deviation My not 
be easy to obtain As a first approx1111Bt1on, data on similar parts may be used If there is no suitable data, 
s1118ller than expected spacing aay 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 co■plete characterization, the highest stress level must be large enough to drive all the tested parts 
to failure Very wide stress levels 1111v require an extra large sample s1ze Less than four stress levels are 
unacceptable if abrupt failure of devices 1s considered a poss1b1L1ty. 

5 1 8 o Efficient use of test sa"Ples The costs of radiation testing and, tor some part types, the cost 
of the parts the•selves both provide strong reasons for Keeoing the number of test parts as low as possible 
In these circumstances it 15 essential that the experiments be specifically planned so that the 1118X1111UI amount 
of useful 1nfoniat1on 15 obtained troin the sa.ple 11te that 1s available Whenever possible, preparations for 
the actual tests should be conducted on spare ano perhaps less expensive parts which are not part of the final 
sample 

5 1 8 o, Selection of exposure seouences Because most characterization aeasure11ents are destructive, a 
single device 1s exoosed to onLY one radiation environment ano tne exposure sequence si~plv proceeds fro~ low 
levels to functional or parametric tai lure The cases where one device can be usec for two radiation 
environments are those when the dose rate upset threshold measurement, which can be non damaging, 1s made first 
and ,s follOloled by neutron, ga1111a ray, or SEU tests ln these cases care must be taken to ensure that the 
accumulated 1on1z1ng radiation dose 1n the oose rate testing has not appreciably changed the characteristics 
of the device The use of one device for two red1at1on env1r0n11ents is not rec011111ended It should be 
considered only when sample costs are so high that every possible way of conserving sall!ple size must be used 
Tine dependent effects should be considered when a series of exposures 1s being planned 

5 1 9 Rad1at100 exposures Radiation exposures should be Made in accordance with the test plan and should 
contain at least the 1nfor11Bt1on listed 1n table VIII (see 5 1 8 4) Initial test system checkout, e g., of 
test equipment operat1on, dosimetry, etc , should be sccomplished with parts which are less costly and readily 
available, one poss1b1l1ty 1s to use parts of the same type as the sample but selected to a less stringent 
visual cr,ter,on The use of a c011111erc1al equivalent oev,ce type can also be considered but such use will need 
to be validated exper1111entally 

S 1 9 1 Neutron exposures Ne-utron exposures can be 8ade either at fast burst reactors or at water moderated 
reactors In either case, the dosimetry practices a~ the selected ta,il1tv should be checked to make sure that 
a valio 1 Me• d1splacement damage (Si1 equivalent fluence can be obta1neo (see ASTM E722) ,e~t methoa 1017 
o1 HlL-STt,-88; can be useo as a guide to• the exposure procedure Short term (ot the order o, seconas) 
annealing effects do not have to be evaluated MIL-STD part types 

5 1 9 2 Ion1z1n9 radiation dose (total dose) exposures Test method 1019 of Mll-STD-883, entitled "Steady 
State Total Dose lrrad1at1on Procedure," specifies either Co-60 or an electron beam as the radiation source to 
be used for ionizing rad1at1on dose testing Ion1z1ng radiation testing can also be perforllled with Ces1u111-137 
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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poss1b1 l 1ty that the displacement damage which high energy electrons produce may 1nterfere with the 
111easurements Flash '<-ray sources 11h1 ch, typically, del wer the dose at a very h1gh dose rate, are not 
recommended because the results may be d1ff1cult to compare with Co-60 Low energy x-ray sources are not 
recommended for character1zation measurements unless a val1d correlation to Co-60 1s establ1shed. 

S 1 9 3 Bias Bias must be applied on the device dur,ng the irrad1at1ons and the bias conditions 1111.1st be 
,n accordance with the test plan If 111easurements are to be ll!tde 11 ,n flux,• then the test plan should spec,fy 
these cond1tions as well Because t1111e dependent effects can be very llll!)Ortant for 1on1z1ng radiation dose, 
e complete t1111e h1story of the irradiations and the post-rad1at1on or in-flu~ iaeasuresents should be recorded 
This time history should include the start and stop t1111es of both the 1rrad1at1ons and the 111easurements as well 
as the rate at which the 1oniz1ng rad1ation dose was delivered A pre-test evaluation of the t1111e dependent 
et1ects may be also be necessary to 11ake sure the times used for the 1rrad1ations and the measurements 111ll give 
meaningful results 

S 1 <, 4 Tra11s1ent ionization <dose rate) exp0sures and 11easure111ents High energy electron L1nacs are the 
facility of cho1ce tor dose rate upset measurements If flash x-ray aachines are used, extra care 1s requ1red 
with the dosiaetry to make results obtained at one facility comparable to those obtained at another 
MIL-STD-1021 and NIL-STD-1023 may be used as gu,des Nll-STD-1020 is under revis1on, pr1nc1pally because it 
does not adequately treat the case of latch-up "w1ndows''. It can be used tor general guidance provided that 
no interference 1s expected fror. this "window" problem 

5 1 9 S Single event upset 1rradiations and measurements SEU measurements are sufficiently complex so that 
they should be made ,n collaborat100 with one of the several groups ,n the U S that are maK1ng such 
measurements routinely A full characterization measurement tor s1ngle event upsets or latch-up produced b} 
heavy ions requires that the null!Oer of upsets or the Latch-up in a particular device be measured as a function 
of the Linear Energ\ Transfer (LET) of the 10n Heavy ,on 1rrad1ations are usually performed at Tandem Van De 
Graeff accelerators but may also be performed at other h1gh energy heavy 10n accelerators (stt ASTl'I F1192) 
For single event upsets induced by protons, a measurement of the number of upsets per unit fluence at a proton 
energ) of 60 MeV or higher should be adequate as an input data point to a theoretical IIIOdel that can then be 
used tor estimating the total nurrber of device upset~ to be el<pected ,n some particular proton environment 
(See Bendel and Petersen 1983 l High energv protons for SEU tests can be obtained tl'OIII a number of cyclotroo 
accelerator~ Laser anG Calitorniurn-252 techn1aues are being stud,ed but have not vet advanced to tne point 
wherc. thev can be used rout1nel} for SH' characterization measurements 

~ '1 1C Post-1rrad1at1on measurement!. and data examination The parameters which will be measured afte• 
1rrad1a•1on ano tne measurement cond1t1ons, and the equipment it possible, should be the same as those tor the 
pre-i~radiation measurements Table III (see 5 1 5) and table v (see 5 1 7 S 1) list the information reau1rec 
The test plan will contain the actual oarameters to be measured and the corresponding operating condit1ons 
However, the post-irrad,ation measurement procedure will have to take into account the poss1bil1ty of time 
dependent effects In the case of ionizing radiat1or dose, t,me aependent effects can be especially serious 
and must be evaluated for the device be1ng tested Nll-STO method 1019 can be used as a guide until an 1111proved 
method for talnng ti11e dependent effects into account is developed Bias 11ust be applied during the 
irrad,ation Bias may not be necessary at ell t111es after the irradiation but the bias conditions and other 
measurement conditions and ti11e intervals should be as consistent as possible from one run to another Bias 
or shorting conditions on the dev,ce between the end of a radiation exposure and the start of electrical 
measurements should be recorded Again, the measurement results should be examined for bad devices or outliers 
and, appropr,ate action taken it necessary This e~a•ination 1s unportant 1n prevent1ng bad data from being 
1ncluoed ,n the cnaracter,zation report and, possibly later, from entering a data base 
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5 1 11 Data recording Table JX gives a summary of the recording requirements for the test plan 

TABLE IX Sul'lfflary of data to be recorded in the test plan 

Pre-rad 111easurement cond1t1ons !teas in table IV 

lrrad1at1on cond1t1ons Items 1n table VIII 

Post-rad aeasure~ent conditions Items 1r, table IV 

Date record ,ng As 1n table V, table VI, and tabl~ VII 

S 1 12 Perfor111Snce char-acter1zation report (see table X) An essential part of any characterization 
tneasurement program 1s to docu11ent all the measurement results co~pletely enough so that another investigator 
can use the results without having to consult the originator For a variety of reasons, tiiae and funding being 
principal among ther, this task is often not pertor~ed ade-tiuately The impcrtance of the documentation task, 
however, cannot be overemphas1zec! The hope here is that 1f the documentation task is 11ade part of the test 
plan so that it must be included 1n anv checkoff l1st or, perhaps, in the contract data requirements list that 
,s part of all government contracts, then the results of characterization measurements will be rore available 
to other users 1n tne future than they have sometimes been 1n the past 

5 i 12 1 Standard data format The character1zat1on report should use the standard oata for1111t discussed 
,n S 1 7 5 The recorded data should include the device 1dent1tv information l1st~ ,n table Ill (see 5 1 5) 
and the test condit1ons listed in table IV (see 5 1 7 2) 

TABLE X Summar, n• 1ntormat1or to b~ ~ecoro~d ,n the character11at1on report 

Oev,ce 1dent1ty lte~s 1n table 111 and correspond,ng discussion 

Pre-rad ~easurement conditions Items ,n tab,e IV and corresponding discussion 

Irrad1at1on cond1t1ons Items 1n table VIII and corresponding d1scuss1on 

Post-rad •easuretnent cond1t1ons lte111s 1n table IV an= correspond1ng discussion 

Data recording. As rn tables v, Vl, and Vll and correspondmg d1scuss1on 

Final results Items in table IX and corresoond,ng discussion 
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5 1 12 2 Transfer of characterization data to ERRIC To make as much radiation response data as poss1ble 
available to US users, the Defense Nuclear Agency supports a data bank for such data at the ERRIC operated 
by the Kaman Sciences Corporation ERRIC is act1vely collecting data fr011 other data banks and is very 111Uch 
interested in receiving any new data that 1s taken It 1s strongly rec01T1111ended here, therefore, that the 
characterization data which 1s obtained and doculllef"lted in the characterization report also be sent to ERRIC 
ERRIC 1s equipped to acquire data from computer disks as well as 1n printed for~ The address and telephone 
number for ERRIC are 

ERRIC 
Kaman Sciences Corporat1on 
816 State Street 
P lJ Sox 1479 
Santa Barbara, CA 93102-1479 
<805 >963-6484 

5 2 Ce l cu lat ion of e Leet ri eel perameter end-point L,.,, ts The prev1ous sections of thu report have 
describl!'d how red1at1on response cnaracter1zation measurements should be lll!lde so they can be usl!'d for defining 
Lot acceptance tests that will provide hardness assurance 1n future procuretient At this point the assumption 
is made therefore that the character, zation results have been obtained and the discuss 1on turns to the 
procedures bv which Lot acceptance tests should be def1ned The basic goals here are to select the sample size 
and to calculate post irradiation test criteria from the characterization data such that future radiation Lot 
acceptance tests performed against these criteria will meet a selected obJectwe Typical Ly, the selected 
oDJective will be a desired lot acceptance probability and confidence level 
It 1s wortr noting that the methods described here are not Limited JUSt to radiation hardness assurance but can 
be used for the more general problem of calculating end-point limits to meet a selected lot acceptance 
obJective They 111ay be of use, therefore, to any manufacturer of pa~ts who is 1nterested in quantifying the 
lot acceptance results he can expect as a function of the end-point limit or specificat1on value he selects for 
a given parameter 

5 2 1 Lo~ acceptance test~ Lot acceptance tests are basl!'d on testing a semple of parts after thev have been 
irradiated and determining whether the sample of pa•ts passes or fails s0111e spec1fied criterion Jt a variables 
test 1s being used then the measured mean value and standard deviation of the post-irrad1at1on parameter values 
w, l l Of' compareo to the specitied cnte•1e to oeterm1ne whether the test was passed o~ fa, led li an attnbute 
test lsuch as an LTPC' testl 15 being usec! then specified RHEPL and, possibl>, functionality, will be usec for 
determmmg whether eact, part, individually, has passed or failed the test Changes or "deltas" in e parameter 
ma~ also be used as a RHEPL 

S 2 ' 1 Attribute lot acceptance tests ,n m, l itarv standard procurement Because military standard 
procurement rely almost exclus,vel; on attribute tests, the discussion here 1110stly addresses this type of test 
It should be recognized, however, that, fo• the sam~ numb~r of samples testl!'d, radiation Lot acceptance tests 
based on variables measurements will usually give higher quality results The1r principal disadvantages are 
that they are somewhat more complex and costly and require assumpt1ons about the probability distr1oution to 
which the parts belong Attribute tests such as the LTPD tests used in the MIL-STD system have the advantages 
that they reau1re Less docuaentation of test results, do not require as much training for test personnel, and 
do not depend strongly on assumptions about the probabil1ty d1str1butions to which the tested parts belong 
The relative merits of these two types of tests were discussed 1n some deta1l in the foreword 

5 2 1 2 End-point Limits for LTPD tests Figure~ shows the steps to be taken for calculating end-point 
Limit: for LTPr lot acceptance tests Table XI lists these steps in finer detail as a step-by-step check off 
procedure 

25 



MIL-HDBK-816 

TABLE XI St~ by step procedure for calculating end-point limits 

Check-off it~ 

Select device type and manufacturers 

2 Obtain characterization data and documentation 

3 Select desired lot acceptance probability, confid~ce level, and sample size tor LTPD tests 

4 Select parameters to be tested and test conditions 

5 Begin data examination 

6 Check date for sufficiency 

7 Check for outlying devices 

8 Check for out lying lots 

9 Discard outliers 

10 Cheer data for abrupt failures 

1' lf abrupt fa1 lures have a significant l 1Kel ihood, parameter end point limns u~ual ly cannot be 
calculated 

12 Chee~ for unexoected funct1onal dependencies 

13 Check for systematic or nonrando~ effect~ 

14 Checf for correlation~ with respect to time of manufacture 

15 Check to~ unexpected magnitudes of lot-to-lot variations 

16 Check tor bad data points 

17 Correct or discard bad data po1nts 

18 Check data for suff1c1ency 

19 Recast the data to the specified cond1t1ons 

20 Determine within-lot and lot-to-lot variations 

21 If within-lot variations are larger than lot-to-lot, use case 1 analvs1s method to calculate the 
RHA end-point l1m1ts (RHEPL) 

22 r~ within-Lot var,a,ions are smaller thar Lot-to-lot, use case 2 analysis method to calculate the 
RHEP"-

23 Incorporate tne RHEPL dlld LTPD lot dCt.eptanc~ test requirements into the device specification 
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06TAIN CHARACTERIZATION OATA ANO OOCUHENTATION 

SELECT DESIRED LOT ACCEPTA!NCE PROBABILITY, CONFIDENCE 
LEVEL ANO SAHPLE SIZE FOR LTPD TESTS 

SELECT PARAMETERS TO BE TESTED ANO TEST CONDITIONS 

l 
EXAMINE DATA FOP AOEOUACY ERRORS ANO OUTLIERS 

EXAMINE DATA FOF ABRUPT FAILURES 

ICORRECT OR DISCARD BAO DATA 

' RECAST THE DATA TO THE SPECIFIED CONDITIONS 

COMPARE WITHIN-LOT AND LOT-TO-LOT VARIATIONS 

lOENTIFT THE TYPE Of DATA ANALYSIS THAT WILL APPLY 

CALCULATE RHA ENO-POINT LIMITS IRHEPLl TD MEET 
O!!JECT lVES 

OOCUHfNT ALL STEPS JN THE END POINT LIHIT CALCULATIONS 

INCORPORATE RHEPL VALUES IN DEVICE SPECIFICATION 

FIGURE 4 Steps for calculating end-point limits for lot 
acceptance tests 

5.2 1 3 Statistical uncertainties associated with lot acceptance ast,ng The lot tolerance percent 
detect1ve tables in NIL-M-38510 and other NIL-STD documents are based on stat1stical formulas for sampl,ng with 
replacement, e, the sample of parts used for the tests ,s replaced into the lot of parts from which it was 
drawn Because rad1at1on tests are daMg1ng, the parts tested are not replaced 1nto the lot The statistical 
111pl1cat1ons of this fact can be coa1plex and are beyond the scope of this docU11ent. ln general, sTat1st1cat 
uncertainties are reduced when the lot acceptance sa!Aple size is large and are further reduced if t~e Lot 
acceptance history is known The least des1rable situation occurs when only a single lot has been tested and 
when the sample size ,s only a few parts, say four or less ln thu, latter case it will be d1ff1cult to 
est1111ate what the perforunce characteristics of the passed lot will be The rec01111endat1on is, therefore, that 
lot acceptance tests based on four parts or less should not be used For S118tl saaiLe sizes, ,nfor11Bt1on about 
the unitorm1ty of the Lots ,s also very ,aoortant If e lot were perfectly uniter•, for examole, then testing 
a single part would be adequate lf the un1form1ty of each Lot 1s high then, during the lot acceptance tests, 
most of the t11e, either all the parts pass or the\ all fail for such un,fore Lots, a 2/0 or a 4/0 test 
(presently specified in the group E tests of tnethod 5005 ,n ~ll-STD-883) uy be able to g1ve some confidence 
that the passed lots are of high quality If lots are 1110stly being reJected because one part out of the sample 
is failing, then the passed lots must be coosidered to be of low quality. 
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5.2.2 Definition of RHA end-point Limits (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. If the procurement system uses a qualified parts list, as, for example, the present MIL-STD 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 calculated and, once 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 ionizing radiation dose Levels, M, D, R, and H, shown tor MlL-STD 
parts in table I (see 4.2), then a separate RHEPL must be calculated for each radiation level. 

A device can cease to function as a result of a radiation exposure and will, obviously, fail the test being 
conducted. Such fai Lures 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 a 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 
minimum value i.e., by a one-sided Limit. Because a one-sided Limit is the 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 objectives 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 statistical uncertainties associated with the relatively small sample sizes that are typically 
used (tests are usually based on tens of devices but not hundreds) have the consequence that, almost regardless 
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 tor 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 be very good but the costs of rejecting such 
a high percentage of lots 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 
perforniance 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 sections which follow, 
these guidelines 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 alt the 
passing probabilities equals 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 be such that (P1)*(P2) = 0.9. 

The c6mplexities of the calculations for combined radiation environments or parameters or both are such as 
to put them outside the scope of this document. Unless otherwise noted, therefore, 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 limit be calculated for that parameter to give the desired lot acceptance probability. The 
end-point Limits tor the other relevant parameters then must be calculated to give sufficiently high passing 
probabilities so that those parameters wi LL not cause a significant number of lot failures. Method~- 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 a form which could be included here. 
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5 2 3 4 End-points and electrical condit1ons It 15 co111«10n also for a dev1ce 5pec1fication to g1ve values 
of a lot acceptance para111eter as a funct1on of the operat1rig condition of the device Thus, for exa•ple, end­
point-lim1ts may be given for the post irrad1atioo gain of a transistor as a function of the collector current 
It can then happen, because the calculations are statistical ,n nature, that different inean values and standard 
deviations ,n the character,zation data for the different collector currents can result in calculated end-point 
li~its that do not behave 1n the expected way as function of the collector current The following caution 1s 
therefore adv1sed 

Caution Data def1c1enc1es and statistical effects or both can lead to end-po1nt-l1mits, calculated as a 
funct1on of soffie device parameter, that do not benave in a reasonable way For eKa111ple, for a given neutron 
fluence, the calculated RHEP~ for transistor gain 1118V shol,i a decrease with 1ncreasing collector current, 
instead of an 1ncrea$e <in the region below the collector current at which the gain 15 a NKillUa) It 1s 
i!llpOrtant therefore, that the calculated results be subJected to a "sanity checlc" to 1111lce sure~ that 
"unphysical" end-point ll1111ts 11re not entered into the ~vice specifications In general, a RHEPL should 
be II smooth function of b1as and rad1at1on stress It should be noted 1n th1s connection, however, that 
a gradual approach to failure aay not always be 110nOton1c, 50lletiaes, tor ex.ample, a parameter aay first 
increase with radiation fluence and then subsequently decrease 

5 2 3.5 Abrupt failures If abrupt failures are expected to be the dominant failure IIOde at the rad1ation 
levels requ1red for the lot acceotance tests, any parameter end-point l1 ■ its that are used should be calculated 
so that they will not cause a s19nif1cant nulllber of lot fa1lures This situat1on resembles that of the several 
parameters discussed ,n 5 2 3 3 A method for est1mating end-point l im,ts for dev1ces which suffer abrupt 
failure has been given by Ne ■enson and Arimura (19B5), this paper is l1sted in 2 2 In practice, even though 
lot acceptance tests 11ay be conducted at a radiation level where some abrupt failures may occur, the subJect 
oart type should not be used ir1 a systeia appl ,cation 1f the specif1ed radiation level is such that the 
Likelihood ot abrupt failure 1s eKpected to be significant, a derat1ng factor of two on the radiation level has 
somet1mes been used but a 1110re ~ceurate value should be based on actual fluence to failure data 

5 2 3 6 Use of end-point l1 ■its for svstem design Strictly spealc1ng, the end-point limits used for lot 
acceptance tests do not guerantee how the parts wi LL behave ,n a sys terr exposed to a specified rad,ation 
environment Nevertheless, systns designers frequently use the RHEPL as the starting point for derat1ng a 
given para■eter for a particular syste~ appl1cation for systems wit~ IIOderate RHA requirements, the derating 
Illa) be very sl!l!llt or the RHEPL INIY even be used d1rectl~ in the system design for syste■ s with 1110re stri~nt 
RH~ requirements, the RHEPL value llltY be dereted signif,cantly or uy be set so that only the hardest lots are 
accepted to~ svstee prOduct,on Thus, if a part spec1f,cat1on 1s being developed for a particular system, the 
needs of the design eng1n~r shoulo be considered The entire topic of lot acceotance and 1ts 111tp8Ct on syste~ 
design and survivability, while very r,uch deserving of detailed discussion, is beyond the scope of ttns 
docu11ent. 

5 2 3 7 An assu■ed lot acceptance ob1ect1ve The 11any factors involved ,n selecting an obJeftlve for the 
lot acceptance tests have been discussed 1n S.2.3 1 To fac1l1tate the data analysis discussions wh1Gh follow, 
the lot 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 Means specifically that the end-point-limit, wh1ch determines the 
probability, P , that a single part will pass the test, •ust be set so that the probability that the entire test

5
will be passed ,s 90 percent This particular obJective, in general, does not unduly penalize the performance 
specifications for a device nor does it place undue require111ents on the a110Unt or quality of character,zat1on 
data The assufflpt1on of a specific lot acceptance obJective makes 1t possible to 91ve actual nuaerical values 
for the examples which are to be d1scussed The formulas required are given in their parametric forms so that 
calculations can be 1118de for other lot acceptance obJectives 

5 2 4 Data analvsis Because most rad~at,on response results display significant and seemingly rand0111 
variations, the Methods needed to analyze such data are statistical in nature ln addition, 110st radiation 
testing involves the use of saaple parts which are destroved bv the tests, so the analys1s techniques and 
expectations of future perfor111ance (against which lot acceptance paraaeter end-po1nt l1 ■ its are calculated) ■ust 
be based on statist1cs of sa111Pling without replaceNnt Tne sect,ons which follow discuss general an11lys1s 
principles and their appl1cations but do not attempt to cover all the data analysis var1at1ons that can occur 
m pract1ce 

5 2 4 1 Data exam1nation A necessary prerequisite for beg1nn1ng any data analysis, which was mentioned 
previously but ■ust be discussed 1n greater deta1l again because of its crucial ,aportance, 1s an exam1nat1on 
of the data to ensure that the data do not conta1n any faulty •easure~ents or nonrando~ effects The data 
shoYld be exuined also 1or suff1ci~ncy Data exa111,nat1on is all the 1110re important when a significant alllOUTlt 

29 



MIL-HOBK-816 

of t1111e has elapsed between the character1zat,on 11easure11ents and the data analysis or when the person or 
organ1zat1on undertdking the data analysis 1s different from the persons who took the data 1n the first place 
Some of the most common reasons for suspecting that data ray be bad are discussed below 

5 2 4 1 1 Outlying devices It 1s not uncomMOn, ,n a batch of measurements, to find that one or more devices 
out of the sample show failure fluences or post-1rrad1at1on parameter values that are significantly outside the 
values that would be eKpected from the .ean value and variance for the rest of the sample (Outlying devices 
ma> occas1onall\ be found also in the pre-1rradiat1on 11easurN1ents The assu ■ption here 1s that the exa111nat1on 
of the pre-1rrad1at1on data has eliminateo an\ such devices fro• the characterizat1on sample) Although the 
1oentificat100 of an "outlier" can someti11es be difficult, a plot of the cu11ulative probab1l1ty d1str1but1on 
for the rad1at1or, fluences at lolti1ch the devices fail tor the post-1rr11Q111t10n parai,,eter values) will usuall>' 
show that the oev1ce in question 1s not part of the population d1stribut1on that 1s character1st1c of the rest 
of the sa111ple A more detailed d,scuss1on of cumulative probab1 L lty plots uy be found 1r1 textbooks on 
statistics or 1n appendix Eon Statistical Techniques ,n DNA report 5910 listed 1n 2 1 1 The collb1ned NIL 
Handbook ent 1t led " Total Dose and Neutron Hardness Assurance Gu1del mes for Sewn conductor Oev1ces and 
1'11crocircu1ts" also contains an appendix or, stat1st1cal techniques A d1scuss1on of how to ldentity outl 1ers 
may be found 1n ASTM E178 

5 2 4 1 2 Outlving lots In this situation, data is available for a number of Lots and an exam1nat1on of 
the data shows that one or 1110re of the Lots are showing an unusual •ean value or standard deviation Aga1n, 
a cumulative probab1l1tv 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 SuH1c1encv of data The first step ,n preparation for elate analysis 1s to see ,f there 1s 
sufficient data fo~ der1v1ng end-point limits The recommendation in these guidelines is that the 
cnaracterization sample shoulo consist of three different lots taken at least one month apart, with five waters 
per lot and five parts per wafer taken one from each quadrant and one froll' the center Thi!' minimum sample size 
that is reco11111endeo 1s five different Lots with five samples per lot The data shoulo also contain a range of 
vBLues and rad1at1on stresses Tnus, for example, 1f step-stress measurements were performed and all the parts 
fa1 led 1n a single "bin'' (where a bin 1s defined as the interval between one fluence anc the next higher 
Huence 1, thert is not enough data for an analysis If it happens that there 1s no wa, to acquire sufficient 
data, ~pec,al analvs,r techniques M} bt required ors~ worst case assumpt1ons mav be needed to supple11ent 
t~ data So■etimes it may happen that the number o• lots useo for obta1n1ng the cnaracter1zat1on data 1s not 
given in the data For such cases, a .ethod exists to~ est1Mting, frocr the data itself, what the effective 
sample size of the dev1ce populat1or. 1s anc this effective samole size can be introduced into the end-point 
l111it calculations (A I Na•ensOfl, 1979, see 2 2) 

5 2 4 1 4 Abrupt failures The data should be examined to see,; abrupt failures are likely at the rad1at1on 
levels that will be required for the lot acceptance tests Ii abrupt failures are expected to be the dominant 
failure IIIOde at these rad1at1on levels, then the ■ea~ value and the standard deviation of the fluen~es to abrupt 
failure 1n the character1zat1on data should be used to est1111ate the radiation level at which the par.t can be 
used safely The fluences to abrupt fa1lure are then used to check for outlying devices, outlying lots, and 
the sufficiency of the data 

5 2 4 1 5 Unexpected funct1onal dependencies If a para11eter value does not vary s1100thly with either bias 
conditiOfls or radiation dose, the data 1111y be suspect 

5 2 4 1 6 Systematic or nonrandorr effects The sa111pl,ng o• lots and parts 111Ust be a truly rando11 
representation of future lots 1f valid lot acceptance end-points are to~ determined lt pays, therefore, to 
check whether the oata 1s ref'ldol, in nature SOiie typical causes of nonrandolll effects are discussed 1n the 
sections 11h1ch follo~ 

5 2 4 1 6 1 Correlations with respect to t111f> Lot-to-lot variations should be checked to see if they 
correlate with time Examples of such correlations are an average sh1tt with respe,et to date of •nufacture 
or Slll!ply a s ■ooth variat1on w1th respect to the date of 1111nutacture Usually, a Loo~ at the data is sufficient 
to deter111,ne if such an effect is occurring However, 110re rigorous techniques, such as t1 ■e-senes 

correlations, for example, exist which can check whether the data varies smoothly w1th respect to t111e or has 
seasonal variations. 

S 2 4 1 6 2 Unexpected magnitudes of lot-to-lot variations If Lot-to-lot variations of either the mean 
value or the standard dev1at1on are 111.1ch larger or much smaller than eKpected, 1t 1s cause for concern If a 
nulllber of lots are very similar, then 1t 118)' be that the set11pl1ng over lot• i1 not truly random Th•r• aay be, 
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for example, a single diffusion lot involved or a single wafer If the lots were produced under total process 
control, very small variations may result between lots Then, if future lots will come from the same process, 
the characterization data is valid However, if future lots will not all come from the same process, then the 
data is not valid 

5 2 4 1 6 3 Other systematic effects If the data comes from several sources, it can vary systematically, 
i e, nonrand011ly, according to the source of the data Even in one test fac1l1ty, there 11111y be a systetM1t1c 
dependence on test cell, operator, dosimetry equipment, etc If lots co■e from several plants, there may be 
a systematic dependence on which plant supplied the parts This type of effect should not be common, it is 
mentioned here to ma~e sure that is not entirely overlookeo 

5 2 4 1 6 4 Chee~ ing tor systematic effects If data is suspect, ,t can be chec~ed for self consistent) by 
removing all data having a t0ffl1110n attribute such as date, test facility, place of 1111nufacture, operator, etc 
If there are no systematic effects, such removal should not seriously perturb the computed results Likewise, 
whe~ parameter values or stress to failure are ranked, there should be no grouping by attribute except for lot 
identity Another possibility that should be checked is that the devices did not receive some previous 
radiation of another type Thus, as an exal!ple, 1oniz1ng rad1at1on dose data can be obtained fr0111 a data bank, 
but the devices listed aay, previously, have been exposed to neutrons 

5 2 4 2 Correcting the data If the data exam1nat1on shows that there IIIBY be bad data points present then 
they have to be either corrected or discarded before the data analysis can proceed 

5 2 4 2 1 Correcting bad data Sometimes an isolated missing, outlying or otherwise faulty measurement 11ay 
be inferred bv interpolation if the parameter varies smoothly with radiation stress or bias Whether or not 
data should be corrected is often a matter of Judgment The documentation shoulo identify where inferred data 
was used to replace incorrect or missing data 

5 2 4 2.2 D1scnrd1ng bad data Otten, only a single measurement on a device has to be corrected or 
discard~ However, 1f one device hes manv outlying or other obvious mis•easuret11ents, it may be necessary to 
eliminate the entire series of measurements on that device and seek an explanation of what went wrong lt 111c1y 
be a case of a 11,smeasurement or of the 11easuring equ1pnient itself having an effect on the device On the other 
hand, the device itself 11av be an outlier and the ouest1on is then raised as to h0>I 111an, outliers will be l1kelv 
,n practice, 1 e , wher devices are procured for system development and production If the date shows evidence 
o' manv apparent 11,smeasurements, outlying devices, or outlying lots, then all of the date c0111es 1nto auestion 
Wher datf ,s discarded, such action should be documented 

5 2 4 3 Recast1na the data to the specified conditions The assumption is now maoe that the data examination 
has been successfully coaipleted and that the data to be analyzed 1s satisfactory 1n all respects One final 
task now remains before the actual calculation of the end-point limits can be 11ade and that 1s that the data 
must be recast into the conditions that will be spec1f1ed for the lot acceptance tests Thus, if the lot 
acceptance test is to be made on a particular parameter, PAR, at a rad1ation level PHICSPEC), then the post­
rad1at1on values PAR(PHICSPEC)) must be obtained fr0111 the characterization data and they must be obtained for 
the bias condit1ons that will also be specified in the procurement docu11ent In general these values will be 
obtainable by interpolat1on In the case of abrupt failure, defined ,n 5 1 8 7 as a failure level wh1ch cannot 
be determined by 1nterpolat1on, the mean value and standard deviation of the fluences to abrupt failure in the 
character1zat1on data should be used estimate the radiation level at which the part can be used safely 

5 2 4 4 Examples of data analyses Depending on the exact nature of the data, the stat1st1cal 11ethods that 
should be used to analyze the data and to calculate the required end-point l1 ■its range from relatively si~le 
techniques to some that are still under development Examples are given below for two cases for which the 
calculat10ns are relatively straightforward All statistical quantities are assumed to obe, lognormal 
probabil,tv distributions i e, the logar1th11s of the parameter values are normally distributed This 
essumption •av be considered reasonable because Mrrv of the paraineters that are o..- interest for radiation 
effects 1n devices have been observed exper111entally to obey a lognormal distribution In any case, extensions 
cf the analysis techniques discussed below can be 111ade to other types of probability d1stributions 

5 2 4 4 1 Para~ters and delta-parameters For convenience, the analyses are discussed ,n terms of the value 
of the parameter ,n quest1on after irradiation lh practice, however, it ,s often useful to measure the 
changes, or deltas, ,n a parameter value produced by the irradiation Again, the extens1on from the formulas 
given to the case of parameter deltas is straightforward lt should be noted that lot acceptance tests based 
on parameter deltas can be s0tnewhat more costly because they requ,re that part 1dent1ty be ma,ntained and that 
pre- and post-1rrad1at1on parMeter values be recorded They should not be overlooked, however, because, 1n 

31 



MIL-HDBK-816 

some cases, they can pronde better hardn!'~s assurance than lot acceptance tests based Just on the post­
irradiation para~eter value The example given for case 1 1s based on the values of a paraineter, the example 
given for case 2 shows how deltas rnay be used 

5 2 4 4 2 Case 1 Within-lot variations larger than lot-to-lot variations At the present t11ne, case 1 1s 
an unusual result and, when it occurs, may 1nd1cate suspect data Nost cOftlllOnly, Lot-to-lot variations are 
larger than w1th,n-lot var1at1ons (discussed here as case 2) case 1 is being discussed f1r5t, however, because 
the formulas used for 1t are more fam1l1a• In ado1t1on, it may turn out to be true 1n the future, when total 
qualit, control procedures have been successfull: implemented, that the wafers coming off of a production lot 
1<1ll be quite uniform and that most of the device variations will be associated 1<1th variations across the 
1<a1er ln1s case will app,y to su~h product 

5 2 I. 4 3 Assu11ptions for case 1 Specifically, the assumptions aade here are that the para11eter being 
measured shows a gracetul decrease 1n value with 1ncreasing radiation stress and that the w1thin-lot variations, 
er standard deviations, are larger than the lot-to-lot var1at1ons A further assumption is that the within-lot 
variations do not vary greatly from one lot to another If this latter assu..ption does not hold, then, to be 
on the sate side, the data should be analyzed with the •ethod of case 2 If 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 fro~ all the component lots will be the sample size used in the formulas that require sainple size 
Let this sample size be n Now assume, as a convenient example, that the lot acceptance test will r~uire that 
11 parts will be irraoiated to a radiation Level PHJ(SPEC) and that all parts must pass for the lot to be 
passed To sat1sf) the Let acceptance obJective, stated as an assumption ,n 5 2 3 7, that with 90 percent 
confidence at least 90 percent of future lots should pass, each part ~ust have a probab1l1ty of passing, P, such 
that 

This equation is sat1sriec if P = O 99 For obvious reasons, Pis often also called the part survivability 

5 2 4 4 4 Statement of proble~ Because the characte~1zat1on sa~ple was purposely taken so as to represent 
the pertormance of future lots as accurately as possible the problem can now be restated as follows What is 
th~ parameter value, RHEP~, such that, with 9C, percent confidence, fraction F ot future parts have a parameter 
value greater thar RHEPL (for a parameter that decrease~ as the radiatior stres! 1ncrl!'eses) after being 
irradiated to radiation level PHI(SPEC)~ In response to this question RHEPL is given b) 

RHEPL = MEAN[ LN(PAR(PHI(SPEC)J) ) - KTL(C,P,n) * STDEV[ LN(PARJ J, 

where HEAN[LN(PAR(PHI(SPEC)))J 1s the 11ean value o1 the logarith11s of the para111eter values 11easureq after 
irr&diat 10n to PHH SPEC) tor each of the n dev1 c-es, STDEVCLNCPAR)) is the standard deviation of these same 
logarithms, and KTL (C,P,n) is the one sided tolerance Limit factor for confidence C, part survivability P, .and 
sample size n Note that e minus sign is used in the equation for a parameter which decreases in valwe as the 
radiation stress increases and a plus sign is used for a paraineter that increases in value as the radiation 
stress increases The one sided tolerance limit factors may be found in tables in the statistical references 
previously cited Some of the 110st commonlv used values are given 1n table XII 

The equation for the mean value of the logar1thmz is 

n 
HEAh [ LN (PAR(PHl(SPEC 1: LN (PAR ( PHI (SPEC )))1 n 

w~ere PAR 1(PHI(SPEC)l oenotes the value of the parameter after irradiation to PHICSPEC) tor the 1th device 
The standard deviation of these logarithms is given by 

STDEV (LN (PAR)); 

1/2 
n
E [LN (PAR ;<PHI (SPE())-NEAN (LN (PAR(PHl (SPEC))))] 

n ·1 1 .. 1 
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TABLE ~II One sided tolerance l1m1t factors - ktl 

C.onf1dence C = 0 90 

p 

0 QC 0 95 0 99 QW<; 09900 
N 
3 4 259 5 311 7.340 9 651 11.566 
4 3 188 3 957 5 L.38 7 129 8 533 
5 2 742 3 400 4 666 6 111 7.311 
6 2 493 3 091 4 243 5 555 6 645 
7 2 332 2 894 3 972 5 202 6.222 
8 
9 

2 218 
2 133 

2 755 
2 649 

3 783 
3 641 

4 955 
4 n1 

5 927 
5 708 

10 2 065 2 568 3 532 4 628 5 538 
11 2 011 2 503 3 443 4 514 5 402 
12 1 966 2 41+8 3.371 4 420 5 290 
13 1 928 2 403 3 3QQ " 341 5 196 
14 1 895 2 3e3 3 257 4 273 5 116 
15 1 867 2 32Q 3.212 4 215 5 046 
1o 1 842 2 29° 3 172 4 164 "980 
17 1 819 2 272 3 137 4 11° 4 932 
18 1.800 2.249 3 105 4 076 4 884 
19 1 781 2 228 3 077 4 042 4 841 
20 1 765 2 208 3 052 4.()QQ 4.802 
21 1 750 2 190 3 028 3 97c; 4.7fx 
2~ 1 73t 2 174 3 006 3 952 4 Th 
23 1 72., 2 15c 2 987 3 92t 4 70i. 
24 1 712 2 145 2 969 3 903 4 677 
25 1 70i 2.132 2 952 3 882 4 651 
30 
35 

1 657. 623I 

2 080 
2 041 

2 884 
2 833 

3 7Q4 
3 729 

4 54t 
4 470 

40 1 598 2 010 2 793 3 678 4 411 
45 1 576 1 986 2 761 3 638 4 363 
50 1 559 1 965 2 735 3 605 4 324 ' 
60 1 532 1 933 2.694 3 552 4 262 
70 1 511 1 909 2 662 3 513 4 215 
80 1 494 1 890 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 

S 2 4 4 4 1 An illustrative exa11ple o" an RHEPL calculation for case 1 For this exaMple the following 
eas1.1111ptions ere 118de. 

• Lot acceptance te'!'[~ will be pe 2for ■ed on the current ga,n of 2K2222 transistors after irradiation to 
PHICSPEC) = 2 5*10 neutrons/c~ (11'1ev silicon d1splace•ent dainage equivalent) The collector current, 
bias voltages, and te~rature fo~ the test will be given 1n the device spec1f1cat1on 

b An 11/0 LAT test will be used, e 11 1' 2devices wilt be 1rradiated to 2 5*10 - neutrons/cm and, if even 
one device fails, the lot wilt not accepted Cln MIL-STD practice, 1f one part out of the first 11 
fails, then a drawing of seven additional device, ,sallowed and the lot passes if there are no further 
failures, this extension of the LTPD test will not be treated here) 

ij1th 90 percent confidence (1 e, C = 0 90), at least 90 percent of the lots should pass, this assumption 
was ude 1n 5 2 3.7 precisely so that examples such as this one could be calculated This assumption 
together with assumption b) 111eans that P •ust be O 99 
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d The characterizatio·, ddta 1,1as adequate to providf" post irr~1iation curre~t gain values, at the required 
collector current, bias voltage, and temperature at 2 5*10 neutrons/cm This data is shown in table 
XIII Because this is an 1llustrat1ve example, data 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 1n table Xlil, the follo~ing quantities mav be calculated 

MEAN(LN(hFE(PHI(SPEC'))) = 4 591 and 

STDEV(LN(hFE(PHl(SPEC)))) = 0 107 

Assumptions b and c , make C = 0 90 and P = O o~ The size of the characterization sample ,s 10 For C 
= 0 90 P = 0 99, and n = 10, the one sided tolerance limit factor, KTL' 1s found in table Xll to be 3 532 
The end-point lim1t, RHEPL, is thus 

RHEPL = 4 591 - 3 532 • 0 107 = 4 213 

In rore familiar terms, the geometric mean value of the current gain for the ten devices in table XII is 98 6, 
the plus and Minus one standard deviatioo gains are 1QQ 7 and 88 6 respectively, and the end-point limit for 
the gain is 67 6 (= exp(4 213)) Lot acceptance tests for 2N2222 trans,~tors would ther be performed in the 
tuture b) irradiating 11 devices fro~ each lot to 2 5E13 neutrons per cm~ and requ1ring that each device out 
of the 11 have e post irradiation gain greater than 67 o, otherwise the lot is reJected 

TABLE XI II Post-1rrad1at1on data for ten 2n2222 transistors 

n 2
PHH SPEC) = 2 5*10'- neutrons/cm (1 Me~ S1 oamage equivalent) 

llevlCe numoer t,F[(PHHSPEcn Ln(hFE(PHl(SPEC))' 
1 1CIB E 4 680 
2 105 4 4 657 
3 93 7 4 540 
4 97 7 4 582 
5 102 6 4 630 
6 104 5 4 650 
7 84 1 4 431 
8 101 1 4 616 
9 112 5 4 723 

10 81 1 4 396 

5 2 4 4 5 Case 2 Lot-to-lot var111tions larger than within lot variations Case 2 is appl ,cable when 
within-lot standard deviations are s111all cotnpared to lot-to-lot variations ln this case, the effective sample 
size for the RHEPL calculations ,s the number of lots end not the nulllber of devices used for the 
character1zation 11easurements An approxirate analysis method for this case was developed by I Arimura and 
A Namenson and published 1n IEEE Trans Nucl Sc, , NS-30, 4322, December 1983 The method assu~es that the 
par1111eters follow a noM118L or lognor111aL prooab1 l ity d1stribut1on but 1t can be 110d1f1ed for a different 
d1str1but1on if necessary once again the assumptior described in S 2 3 7 1s 111ade, na111ely that the obJect of 
the lot acceptance tests is, with 90 percent conf1oence, to have at least 90 percent of lots pass It is 
assumed alsc that an 11 /0 LTPD test 111 l l be used tor Lot acceptance This last assu~tion ineans that, again, 
the individual part survival probability of the lot being tested for acceptance 11Ust be P = 99 

5 2 4 4 S 1 Satnpl ing for n.il ti-lot analysis Ideally, there should be at least five lots 111th et least five 
parts 1n each lot If the w1th1n-lot var1at1ons are very s111all compared to the lot-to-lot variations, the 
requ,re..ent on having at least five parts per Lot 11ay be 11111ved 
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5 2 4 4 5 2 Steps in multi-lot analysis lhe following steps are then used in the calculat1on 

a Let the number of lots be N and the number of devices 1n each lot be For the 1th lot, calculaten1
the mean value and the standard deviation of the given parameter Specifically, for the Ith, lot the 
quantities calculated are HEAN (PAR(RAD)) and STDEV (PAR(RAD)) as given by the following equations

1 1 

n I 

HEAN I (PAR (RAD)] L PAR lJ(RAD) 
r I J : 1 

11nere PA~ (RAD) ,~ the measured value o~ PAR(RAD) for the Jth device 1n the Ith lot, and
11 

STDEV (PAR (RAD)J~ 

1/2
n1 

2_L [ PAR lJ (RADH'1EAN I PAR (RAD)] 
) .. 1 

b For each lot multiply the standard deviation bv 2 326 (see explanation below) and add 1t to the mean 
(adoitior, is used for a parameter that increases ,n value 111th increasing radiatlOn level) This gives 
a limit 

for the l th lot 

c For the N values of LIH1, obtain the 11EAN(LIH) and the stanoard dev1at1on STDEVCLIH) 

d Look up the one-sided-tolerance-limit factor hTL for 90 percent probabil1tv and 90 percent confidence 
and for a samole size corresponding to N, the number of lots 

e Use the tollow,n~ equation to obtain the oes,red RHEPL 

RHEPL = MEAN(LIH) + KTL (C = 9, P = 9, H) * STDEV(LlH) 

5 2 4 4 5 3 The rationale of the method given above 1s to examine the d1str1but1on of the 9Q percentile 
points of the 01ffer~t lot! and treet them as a normal (or lognorinal) distribution For each Lot, adding 
HEAN(PAR) + 2 326 * STDEV(PAR) gives the ~st est11111te of the 99 percentile point because, for a standard normal 
d1str1but1on, 2.326 standard deviations above the ~ean includes 99 percent of the distribution The Kr~ factor 
1n step D above then is used to obtain an estimate that, with 90 percent confidence, 90 percent ot the lots 
will have 99 percent of their parts within the calculated RHEPL 

5 2 4 4 5 4 An illustrative example of an RHEPL calculation for case 2 The following example was taken fro~ 
actual data on voltage shifts (deltas) ~easured after an 1on1z1ng radiation dose of 400 kRad (This data 1s 
1nterest1ng for other reasons as well and, for those reesons, will be discussed in greater detail 1n append,~ 
11 ) The lots do not all have five parts per lot, but the within-lot standard deviations are so small compared 
to the lot-to-lot variations that the case 2 method can still be used The data 1n this example is treated as 
a normal distribution (instead of a lognor111al d1str1but1on) 

The values shown ,n table XIV yield the values shown ,n table Vl 
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The values of llH1 in table XV yield following values 

STDEV(LIH) = 5 6715 

Now for C = 0 9, P = 0 9, and N = 6, KTL is 2 493 The value for the RHEPL therefore is 

RHEPL = -0 6192 + 2 493 * 5 6715 = 13 520 

Future lot acceptance tests should therefore be pertornied aoainst a voltage shift of 13 520 mV 
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Mult1lot anc Multiparameter Data 

6 1 8 The Effects of Rad1at1on on Electronic Systems 
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Tl\BLE XIV Post-1rrad1at1on voltage shifts (deltas) 

Lot number 

1 

2 
2 

3 
3 
3 

4 
4 
4 

5 
5 
< 
~ 

5 
5 
~ 

6 
6 
t 

6 

PHH SPEC) = 400 kRads 

Device number , 
2 

1 
2 

1 
2 
3 

1 
2 
3 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 

Voltage shift (mV) 
-6 79 
-6 52 

-5 46 
-5 38 

-3 7b 
-3 67 
-3 63 

-2 41 
-2 18 
-1 72 

3 25 
3 60 
3 81 
4 10 
4 23 
4 62 

7 26 
7 28 
7 3E 
7 44 

TAB1.-E XVl Rani:inc data anc' prepar,nc to~ plo• or normal prooabil1tv paper 

Unranked Data Ranked Data Ranr f = 
Data Attr1oute ~ Attribute 12.:. 1/(N+1 J FBAR(P) 

0 2372 ATTRIB 00 -2 5370 ATTRIB 03 1 0 0476 -1 668-. 
-1 3551 ATTRIB 01 -1 6817 ATTRIB 07 2 0 0952 _, 3092 
-0 6667 ATT RIB 02 -1 3551 ATTRIB 01 3 0 1429 -1 0676 
-2 5370 ATTRIB 03 -0 9622 ATTRIB 10 4 0 1905 -0 8761 
-0 1477 ATTRIB 04 -0 8430 ATTRIB 16 5 0 2381. -0 7124 
0 6332 ATTRIB 05 -0 6667 ATTRIB 02 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 09 0 1326 ATTRIB 12 9 0 4762 -0 0597 

-0 9622 ATTRIB 10 0 2371 ATTRIB 00 11 0 5238 0 0597 
0 5161 ATTRIB 11 0 3928 ATTRIB 18 12 0 5714 0 1800 
0 1326 ATTRIB 12 0.5161 ATTRIB 11 13 0 6190 0 3030 

-0 4012 ATTRIE! 13 0 6332 ATTRIB OS 14 0.6667 0 4307 
0 9639 ATTRIB 14 0 9630 ATTRIB 14 15 0 7143 0 5659 
1.8462 ATTRIB ,s 1 1946 ATTRIB 19 16 0 7610 0 7121. 

-G 8430 ATTRIB 1ti 1 2512 ATTRIB 08 17 0 8095 0 8761 
-Q 5864 ATTRIE, 17 1 2845 ATTRie (lQ 18 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 
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APPENDIX A 

~ LISTl~G OF CORR(SPONDING ERRIC AND MIL-STD S~MBOLS 

10 SCOPE 

10 Scope This appendix i~ to establish a correlation between ERRIC symbols and MIL-STD symbols This 
appendix is not a mandatory part of the handbook The information contain~ herein 1s intend~ for guidance 
011 L~ 

20 APPLICABLE OOCUME~TS Thi~ sect1on is not applicable to this appendix 

3C ~ LlSllNG OF CORRESPONDIN~ ERRIC AN~ 

Item 

Currents 

H1gn level input current 

Low level input current 

Output short circuit current 

H1gh level supol1 current 

Lo, Level suppl) current 

Ewitter-ba5e cutoff curr~nt 

Collecto'-base cutof" current 

Cu~rent flo. 1nto an inout terminal 

lnout offset current 

lnput bias current 

Zero scale current 

Full scale current 

lmoedances 

Resistance 

lnput resistance 

Output impedance 

Outpu• resistance 

On resistance 

On resistance 

MIL-STD SYMBOLS 

Erne 
symbol 

MIL-STD 
sy111bol 

llH 

Ill 

ICC 

ICC 

IEBC' 

1(80 

llt. 

OFSTl 

!BIAS 

IZS 

IFS 

1
·10 

R R 

ZOUT 

ROUT 

RDS 

High-low propagation delay time TPHL 

Low-h1gh propagation d~lay time TPLH 
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Reverse recover) time 

Fall time 

Pe1ect1on ratios 

lom1110n mode reJect1on ratio 

Positive power suppl} reJect1on ratio 

Negat 1 ve power supply reJ ect,on rano 

Gains and transfer ratios 

Forward current transfer rat10 

Power gain 

Ma>-1mum automatic gain control range 

Other 

Noise t,gure 

Sle~ rate 

Nonl1near1n 

Power suppl, sens1t1v1t1 

B1t errc~ 

HIL-HDBK-816 
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TRR tRR 

TR tTLH 

TF tTHL 

CM RR CMrr 

PIISRRP +PSRR 
PSrr 

PWSRRN -PSRR 
PSrr 

HFE hFE 

AF' PG 

MAGC AGC 

NF NF 

SL RA SR 

NL t<L 

PSS IFS Pss 1Fs 

BERF SlGM~-NL 
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APPENDIX 8 

EVALUATING DATA WITH CUHULATIVE PROBABILITY PLOTS ON PROBABILITY PAPER 

10 SCOPE 

10 Scope Th,s appendix deals with unfortunate but nevertheless frequent proble■ s of suspect data Part 
characterization and Lot acceptance are not complete ·,nthout ascertaining the val idlty of the data The 
apoend1x ~ill concentrate on 9raphic techniques for evaluating data Yh1Le data validation is important, this 
appendix 1s not a mandatory part of the handbook The information conta1nec herein ,s intenoed for guidance 
onL~ 

2C APPLICAB~E DOCUMENTS Th,s section is not applicable to this appendix 

30 INTRODUCTION 

30 Checking and validating data The importance of checking and validating data cannot be emphasized too 
strongl) 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 de-pend on the graphic techniques to be mentioned here Such problems include deviations frOftl 
the assumed probabilit) d1str1bution, systematic effects and outliers Though the ■ethods are applicable to 
a wide range of situations, this discussion will concentrate on using probability plots to interpret test data 

4C MHAT PROBABILITY PAPER 15 AND WH, IT IS USED 

4C 1 Norma probab1lit, paoer Figure 5 illustrates three different wavs o• depicting a normal distribution 
,ne uppe· curve is the differential probability function tor a normal distribution The middle curve (the so 
callee "S-curve") is the cumulative normal distribution (the integral of the upper curve) plotted in linear 
coorc1nates The bottom curve is the middle curve with the ordinate distorted so that the s-curve becomes a 
stra,gnt line lo/hen test data is plotted on this Latte~ scale, the eve can check their fit to an assu111ed for111 
b, cheering their fit to a straight l 1ne 11 Note that for normal statistics these plots el(aggerate the 
rea,ons o• ver1 high anc: ven lo\J probab1 Lit, which are generalh the regions ot interest 
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FIGURE 5 What is probability paper? 

1/ But note, however, that the statistics of fitting e straight line to the data code does not follow the usual 
regression analysis This will become clear when the niechan1cs and Mathematics of inaking the plots are 
explained 
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TABLE XVI Ranking data and prepar1ng for plot on nortnal probab1L1ty paper 

Unranked Data Ranked Data Rank p = 
Data 

0.2372 

Attribute 

ATTRIB 00 

Data 

-2 5370 

Attribute 

ATTRIB 03 

.01 
, 

i/(N+1) 

0 0476 

FBAR(P) 

-1 b684 
_, 3551 ATTRIB 01 -1 6817 ATTRIB 07 2 0 0952 -1 3092 
-0 6667 ATTRIB 02 -1 3551 ATTRIE 01 3 0 1429 -1 0676 
-2 5370 ATT RIB 03 -0 9622 ATTRlB 10 4 a 1905 -0 8761 
-0 14TT ATTRIB 04 -0 8'.30 ATTRIB 16 5 0 2381 -0 7124 
0 6332 ATTRIB 05 -0 6667 ATTRIB 02 6 0 2857 -0 5659 
2 0648 ATTRIB 06 -0 5864 ATTRIE 17 7 0 3333 -0 4307 

-1 6817 ATTRlB 07 -0 4012 ATTRIB 13 B 0 3810 -0 3030 
1 2512 ATTRIB 08 -0 1477 ATTRIB 04 B 0 4286 -0 1800 
1 28'.S ATTRlB 09 0 1326 ATTRIB 12 Q 0 4762 -0 0597 

-0 9622 ATTRIB 10 0 237i ATTRIB 00 1~ 0 5238 0.0597 
0 5161 ATTRIB 11 0 3928 ATTRIB 18 12 C 5714 0 1800 
0 1326 ATTRIB 12 0 5161 ATTRIB 11 13 0 6190 0 3030 

-0 4012 ATTRIB 13 0 6332 ATTRIE 0: 1.:. 0 6667 0 4307 
0 9639 ATTRIB 14 0 963Cl ATTRIB 14 1: 0 7143 0 5659 
1 8462 ATTRIB 15 1 1946 ATTRIB 19 16 0 7619 0 7124 

-0 8'.30 ATTRlB 16 1 2512 ATTRIB 08 17 0 8095 0 8761 
-0 5So<. ATTRlB 17 1.2845 ATTRIB QC 1e 0 857"1 1 0676 
0 3928 ATTRlB 1S 1 8462 ATTRIB 15 19 0 9046 1 3092 
1 1946 ATTRlB 19 2 064S ATTRIE Ob 20 0 952.. 'i. 668<. 

40 2 Different kinds of probability paper The l:1nd of probllbil1ty paper eK1st for d1ffer,ent kinds of 
probabi l 1ty distributions but the d1scuss1on here will deal al1110st exclusively with normal and ~ognormal 
stat1st1cs Lognorinal probability paper is the same as normal probability paper except that the abscissa is 
a logarithmic instead of a linear scale 

40 3 Obtaining probab1 l 1ty paper Probab1 l 1ty paper 11111y be purchased for 110st of the eOt11110nly appl 1ed 
distributions (e.g, nor-l, Weibull etc.). C0111puter made plots require calculating ordinate positions from 
'functions f(P) where Pis a probability, F(Y) is a cu111ulatwe probab1l1ty distribution function and F(P) ,s 

its anti-function <That u F[F(Y)J "-'I' ) Of ~en a look-up table with 1nterpolet1on w, l l be suffl c1ent to 

generate such a function for the nor11al d1str1bYt1on, aany texts tabulate f(P) as Zp 

50 ~AKING PR08AB1LITY PLOTS FRON TEST DATA 

SO 1 The basic plot The construction of plots on probab1l1ty pape~ will be explained by exaaple Table 
XVI shows 20 simulated data points drawn fron, a normal d1str1but1on (col 1) together with their attributes 
(col 2) ln this case the attribute is the string "ATTRIS " followed by the sequence of the point (Hos 00 
through 19) Columns 3 and 4 of the table are the points rearranged by rank with their attributes preserved 
Column 5 is the rank, ,, of the ordered points end coluMn 6 1s the probability P = i/(H+1) where N is the sample 
size Cln this case N = 20 ) For c011puter 111ade plots, column 7 gives the function F(P) for a normel 
distribution Figure 6 shows the resulting graph Note the fit to a straight line 
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SAMPLE OF 28 POINTS DRAWN F ROl1 STD NORl1. 
DISTRIBUTION 
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FIGURf o Sample normal orobabilit, plot of 20 points - simulated data 

SD 2 "Coloring" th" poin•s The pomts ma, be portraved with d1tter-ent color~ and designs i!lccording to their 
attrioutes so that an) svstemat1 c eftects ,r, tht data l.'Ould become apparent Figure 7 ShO\ts the plot oi f ,gure 
6 with the points colored according to whether their fir-st d191t 1s zero or one Clearly the sequence ot the 
point has nothing tc do with its ranl 

50 3 One-sided tolerance li111•ts one-sided tolerance lines 11111> be dri!llm on the plot so that confidence 
limits Mv be read directlv tr011 the graph On figure 7 the confidence lines use an approx111111t1on given by 
Natrella (see 2 1 2) It sand~ are respective best estimates of the s d and mean, the SO percent corlf1dence 
line ,s very nearly a straight line 11ith slope 1/S and intercept 11 with the hor,zontal SO percen; probablllt) 
line 

50 4 Step-stress measurements In some cases, the values will be acco!lpllnled b) experimental uncertainty 
A typical kind of uncertainty results fror step-stress measurements where a parameter or stress-to-failure has 
111erely been determined to be between upper and lower bounds defining a "b1n " In such cases, 1t 1s adv1Sable 
to plot the center the b1n and display the uncertaint)' as a horizontal line whose full width is the bin size 
A graph of this kind gives a quick check of how the measureaent uncertainties cOln!)8re w1th the s.d of the 
d1str1bution If these uncertainties are c~arable to the s d, then step-stress analysis 1111y be necessary 
For normal d1str1but1ons, plus and ■ 1nus infinity are valid bounds for a step stress •easureiner,t (e g , a device 
wti1ch survived a 111111x,_ test level) and plott1ng such bounds requires sonte creativity A suggestion is to 
displa~ the finite (lo11er or upper bound1 and use an arrow po1nting to plus or ■ inus 1nfin1ty See figure 8 
showing a step-stress probability plot 

50 5 Step-stress 111easure111ent! ano sta1 rcase plots ln socie cases, part, cularly 1n deter1111ning stress to 
ta, lure using a step-stress ineasureeent, a,re than one part MY ta, l within a given "bin" If the 1th through 
Jth parts all failed within the same b1n, then probab1lities 1/(N+1) through J/(N+1) should be plotted all with 
the same center and same "error bar" 
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SAMPLE SIZE 50 
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FIGURE 7 Plot ct figure 6 w1th colorino and confidence lines 

50 t Summary ln summary, the procedure for making probability plots is 

a Ranr the points preserv,ng the,r attributes 

b Compute probc,b1lities 1/(N+1) where 1 is the ranl and N the sample size 

c Plot the probability vs the value on probabillt) paper For COlllpUter made plots this mav require 
computing F(P) to determine the ordinates 

d Optionally color the points according to attribute to make apparent anv syste111ot1cs in the data 

e Optionally draw the one-sided tolerance limits 

50.7 Some fine points The quantity 1/(N+1) derives from order statistics When N values are drawn frOffl 
a uniform distribution from Oto 1 and ranked, the average value of the 1th ranked point ,s 1/(N+1) For normal 
distributions some prefer to use (1-0 3)/(N+O 4) as a better approxiniat,on for the average positions of ranked 
points The difference 1s usually of no significance There are some cases in the literature where probability 
is calculated from i/N but this is an erroneous procedure except ,n special cases concerning truncated 
distributions 

60 INTERPRETING PLOTS 

6C Scrutinizing probability plots requires a fair amount 01 experience since there are 1111ny wavs i~ which 
date can go wrong and 1118ny situations where good data 11ay be reJected because of subJect,ve conclusions This 
section will attempt to provide SOiie feel for 1nterpret1ng probability plots ije will d1spLey typical plots, 
strange looking plots, exaaples of problematic date and an example of a step-stress ~easure•ent 

60 2 Interpreting typical plots To obtain typical plots on norul probability paper, si11Ulated data sets 
consist1ng of 50 points were generated from a nor11al distribution Figure 8 illustrates an ideal case where 
about five points are above the 90 percent confidence line and about five points are below the 10 percent 
confidence line F1gure 9 shows a better then usual fit where Many of the po1nts come close the confidence 
lines, but none ere above the 90 percent confidence line and only two are below the 10 percent confidence line 
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Such fits are not unusual However, ,f the data fit a straight l1ne too well and none of the measurements come 
close to the 90 percent and 10 percent conf1dence lines then nonrandom sampl,ng is 1nd1cated Figure 10 is an 
exaaaple of a very bad flt (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 Probab1l1ty plots are not typical regression plots 
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FIGURE 9 Norinal probab1l1ty plot of 50 points with an overly good butst1ll acceptable 
-s1mulated data 
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60 2 1 Oev1at1ons fro ■ 8 str81ght line The eye 1s a fair 1nd1cator when the plot deviates enough from 8 

straight line to suspect that a Goodness of Fit (GOF) test is needed Even when dev1at1ons exist, the assumed 
d1stribution 111ay be an acceptable approxiftlllt1on if you restrict yourself to certain probability ranges and do 
"sample size" corrections (discussed later) 

6C 3 Actual case histories and their interpretation To obtain a further feel for problems which will arise 
ir practice, some actua 1 situations are presented and discussed 

60 3 1 S1stelll3tic ef1ects and inhomogen~u! lots Table XVII shows a voltage shift for 20 JCs (integrated 
circuits) irradiated at 400 kRad There were five !Cs (inoicated b~ attributes R1 through RS) each having 1oor 
nominally 1dent1cal circuit~ (1nd1cated by attributes C1 through C4) 

TABLE XVII Voltage shift at 400 kRad 

Unranked data Ranked Data 
Value Attribute Rank Value Attribute 
4.60, RlCl l -5.70, R4C4 
4.31, RlC2 2 -5. 17, R2C3 

-2.00, RlC3 3 -4.95, R4C3 
-2.13, RlC4 4 -4.81, R2C4 
7. 71, R2Cl 5 -2.62, R5C3 
7.67, R2C2 6 -2.13, RlC4 

-5.17, R2C-, 7 -2.00, RlC3 
-4.81, R2C4 8 -1.95, RSC4 

I 
4.79, R3Cl 9 -1.80, R3C41 
3.76, R3C2 10 -0.98, R3C3 .-0.98, R3C3 11 3.76, R3C2 

-1.80, R3C4 12 4.31, RlC2 , 
7.89, R4Cl 13 4.60, RlCl 
7.58, R4C2 14 4.73, R5C2 

-4.95, R4C3 15 4.79, R3Cl 
-5.70, R4C4 16 5.08, R5Cl 
5.08, RSCl 17 7.58, R4C2 
4.73, RSC2 18 7.67, R2C2 

-2.62, R5C3 19 7.71, R2Cl 
-1.95, R.SC4 20 7.89, R4Cl 
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FlGURE 10 tloraal probab1l1ty plot of 50 points with an exceptionally bad fit -simulate,d 

~ 

6C 3 1 1 Exa~ple 01 inhomooeneous data Figure 11 shows tne resulting cumulative probab1l1t1 plot on nor111al 
probab1 L 1t\ paper with the 90 percent and 10 percent conf1oence lines It 1s clean, not a typical normal 
d1stributi00 A goodness of fit test (to be discussed Later) 1nd1cates only a G 1 percent confidence that this 
data could result from a true norMl d1str1but1on 
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SHIFT IN Vro AT 400 KRAD 
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FIGURE 11 Normal probab1L,t} plot of actual data that eKh1bited systematic effects 

60 3 1 1 1 Seerino the causes of inhomogeneity in the example A study of the plot shows that the ICs IIIUSt 
have come fro• two distinct batches (one batch being !Cs R1, R3, RS and the other being R2, R4) In addition, 
the response of the c1rcu1ts varies systematically according to which side of the die the circuit was found (one 
side being circuits C1 and C2 and the other being C3 and C4) Thus, any circuit belongs to one of four groups 
as illustrated on figure 12 This fi9ure is the plot of figure 11 without confidence Lines but w1th the points 
"colored" to show how eacr grour:- corresponds to a unique set of attributes svstemati c effects are present, 
this is an intio.ogeneous Lot end sa111ple size corrections (see 70 3 and DNA documents referenced in 2 1.1\ 
indicate an effect1ve sa111ple size of six Which 1s not in stat1st1cal d1sagreeinent w1th the tact that the data 
separates into four distinct groups Any treatment of this data should use an effective sa11ple size between 
four and s1K and not est1aete probabilities greater than about 84 percent If the syste• survivability were 
to be calculated, the specific buy of parts Chow 111any batches) would be relevant inforMtion Often it is not 
poss1ble to find a set of attributes which fit some obvious clumping of points Nevertheless, 1t would re11ain 
very Likely that systematics are a serious perturbation and sample size corrections would be appropriate as well 
as estimates of a ma~imu• reliable survival probability which could be est11aated fr011 that effective saq,le 
size A 1110re rigorous calculation than that of HlL-HDBK-280 (see 2 1 1) 1s not yet available 1n usable form 
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MILLIVOLTS AT 400 KRAD 
0 980 

0 950 

0 900 

0 750 

>-
t-..... 
_J ..... 
OJ 
<t 
co 
0 
a:: 
0.. 

0 

0 

500 

250 

0 100 

0 050 

0 020 

-8 

LEGEND 
m

BATCH 1 SIDE 11:J 
BATCH 1 SIDE zc a 
BATCH 2 SI DE 1 0 
BATCH 2 SIDE 20 I@ 

@ 
@ 
® 
0 

0
0 

0 
0 
0 
0 

0 

8 
C 

CJ 

0 0 0 8 0 

MILLIVOLTS 

FIGURE 12 Plot of figure 11 with confidence l1nes omitted end ~ints "colored" 

60.3 1 2 Subtle systematic effects lie have seen that II typical s1gn11ture of syste,natic effects 1s 11 

grouping of points b) attribute with clear gaps between the different groups In 1110re subtle cases, the groups 
ll)!!Y not clearl, separate and the plot 111ay roughly resemble a stra1ght l1ne Juc!gent will be required about 
the presence of syste11at1cs and 1nhollogene1tie1 

60 3.2 Poss1ble outl ,er 1,nd possible stee=stl'ess analyau required Probab1 l ity plots can .soaet,aes be 
useful in detecting outliers by exa~1n1ng whether the points at the ext,._ of the plot are rNsonabL; near 
a straight l ,ne flt to the pomts The fol Lowing example w1 ll serve t~ double purpose of il Lust rat mg a 
possible outlier and 1llustrat1ng a step-stress 111easurettent 

60 3 2 1 Approx1"'8te lognor1111l distr1but1on for this example The d1str1but1or of stress to failure was 
found troe prev1ous exper1ence to be approx111ately lognor1118l Accordingly, the logarithias of the upper and 
lower bounds corresponding to each step-stress 111easure11ent were taken and the stresses to failure were expressed 
1n ter11S of an average logar,thG of stress to fa1Lure and a spre-ad in the logarithm between the upper and lower 
bounds and the logarith•s were treated as II step-stress 11easurewient for a norNl d1•tr1bl.it1on. The points vere 
ranked by their average logarith■s. Figure 13, the resulting plot, shows that step-stress analysis (see 
Na111enson 1984, "Stat1st1cal Analysts of Step-Stress l'leasure111ents ,n Hardness Assurance," referenced 1n 2 2) 
111ght be requ,recl 

48 



NIL-HOBK-816 

APPENDIX B 

0 950 

C 900 

0 750 

>-.... 
-1 

a:, 0 500 
c,: 
a:, 
c:, 
a:: 
0.. 

0 250 

0 lOC 

POSSIBLE OUTLllNG POINT CONFIDENCE L )NE S 
5%l0% SO% 90% 95% 
/ / / 

/ 
/ 

/ 
/ 

LEGEND / / I 
/~ 

I-:::- ATTRIBUTE A // / / 

..... ATTRIBUTE B /1 / 
c, I /"'9"'

/ /' , /,.:(/~/ //r/ ,, ,~7f/'
/_/~ /~,// 

/ /-6-//I/ STEP-STRESS MEASUREMENT 
/ / 0 , I/ I HORI Z0Nl AL LENGTI-' OF LINE 

; I / IS APPROX]MATE BIN SIZE
/ O' / 

I 

, 
/ / I I/

/ f) , 

/ 
; - ; 

I I 
I 

I I I 

;~II 

C 05G 
I 

0 50 "': 00 ~5 l 50 ~s 2 00 ~ 25 

Lri SlPES~ 

FIGURE 13 Double example of possible outlier and step-stress data - actual data 

60 3 2 2 Possible out lie, ,n this example The point corresponding to the highest stress to failure seems 
too far off the curve (only its lower bound 1s almost acceptable) hinting that ,t Illa) be an outlier Further 
invest1gat1on revealed that 1n that one case, the stress was applied using a different geoffletry than for the 
other cases giving that point an attribute which is not shared by anv of the other points Its distance from 
the curve and 1ts unique attribute both contribute to a Judgmental decision that the point is an outlier. 

60 3 3 Lot-to-lot variations and within lot variations Wh~n 11\Snv Lots are involved (see 5 2 4 4 S), the 
type of analysis which 1s performed will often depend on the relative inagn,tudes of the lot-to-Lot var1at1ons 
and the within Lot var,at1ons In general, this 1nfor11Stion •ust be extracted frOII! the data The example 1n 
60.3 1 of appendix B further indicates that sometimes e single lot does not reflect a h011109eneous population 
The lognormal pr-obabl l ity plot of figure 14 shows the opposite case where thr~ different lots were 11ixed 
together to produced data which 1s consistent w1th e single lot No doubt, if e large a1110unt of addit1cnal date 
were obtained, systeaat1c lot-to-lot differences would e111erge but for the date on hand, e single-lot analysis 
1s adequete with perhaps a S811Ple size correction for added prec1s1on and 1,nth l1111tat1ons on the 1111x111u111 

survival probab1l1ty that can be quoted 
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FIGURE 1~ ~,thin-lo• va~1at1ons exceed Lot-to-lot var1et1ons 

60 3 4 A.pprox111ate d1str1but1ons ln practice, there ,soften little or no theory about the probability 
d1str1bvt1on governing part parameters and stress to failure Analysis usually proceeds on the basis sometimes 
l1~1ted experience lt 1s, therefore, prudent not to extrapolate to ver~ high probab1Lit1es on the basis of 
a s111atl amount of d8ta Figure 15, which w1lt be explained IIK>re c0111pletel\' in 70 2, es an e1<a111ple of COlllpUter 
generated data frOtl' s1Mulat1ons of chi-squared goodness-of-fit tests Eacn data point represents a s1mutat1on 
The resulting s111Ulated data turned out to be quantned at specific values Ce s11all consideration) and to 
deviate from a normal distributions at the high extrette Only after perfor•ing thousands of s111Ulations did 
the deviations became apparent and it would have been unwise to 99 9 percent probab1l1ties on the basis of fewer 
than the order of 1CXXJ samples As a general rule, unless there ,s strong theoretical or empirical e~idence 
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 1-1/Neff where Neff is the effective 
numb~r of test~ parts 
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FIGURE 15 lnterpret1ng GOF tests using n-3 egual-probabil,ty zones where n 1s samole size 

70 ADVANCED PROCEDURES 

70 1 Further examrnat1on of reasonab, L itv of data lile have seen thet constructing probabi L itv plots ,s a 
first step 1n evaluating data The plots can also be used to get estiaates of relative within-lot and lot-to­
lot variations and someti111es effect1ve sample sizes Though texts on probabilitv theor} have tests for specific 
problems, they cannot anticipate every complication that ~ight arise and there is no replacement for examining 
probability plots ln what follows we will nevertheless suggest, for the reader with some familiarit) with 
probability theory, some specific tests on the reasonability of data 
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70 2 ~OF tgoodnes~-of-fitl tests GOF tests are descri~ in almost every text on probability theory (e g , 
Natrella Usually, a proper test requires that the variable space from minus inf1n1ty to plus 1nfinity be 
part1t1oned into at least five cont1guous zones and with at Least five devices 1n each zone However, when 
there is a small number of perts, these requirements may 11ake the usual GOF test impossible and very insensitive 
to glaring problems It was found, however, by Monte Carlo simulation that the test seems to work if the number 
of :ones 1s as Large as H-3 even though this will aean that ~any zones w1ll have Less than five parts Figure 
15 shows the d1str1but1on of chi-squared values for sample sizes of 20, 50, and 100 when the range of the 
normall} distributed variable trom m1nus infinit, to plus 1nfinitv divided into N-3 apProx1mately zones of 
approximateh equal probab1 l ity The "staircase" appearance cf the distribut ior of SQR[ 2{CH1SQ) J J oer1ve: 
tron- the fac~ that the ,alues of chi-squared can take or only discrete values hioentl), the chi-squared GOr 
test wor~s atter a fashion, even when the general rules for its validit\ do not hold The curve~ of figure 1~ 
ma, be used to evaluate the results of a chi-squared GOf test (Note that the number ot degrees o~ 1reedo~ is 
N-t when the test is done with N-3 zones so clearl} this test cannot be done with seven or 1ewer parts) As 
applied to the example of 60 3 1, the chi-squared was 44 5 yieloing a O 03 percent confidence that the data was 
drawr from a homogeneous normal populat1on 

70 3 Sample size corrections For this method to work, there must be approxi!Nltely the same number of parts 
in eacr "sublet" of an inhomogeneous inspection lot If the region of minus ,nfin,ty to plus infinity 1s 
divioed into a recommended number of N-3 equal probaoi l 1t} zones, the effective sample size, Neff' Bia} be 
calculated from, 

Neff= N * (N - 6 5) / (Actual CHISQ) 

P< appl iec to the exame>le 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 
probao1l it, plot the numbe~ of oata items to the left of the line ,s a rough test of whether there is anything 
~uspicious ir the data On the average, traction Cot the data items should lie to the left of the C confidence 
line However, there are wide variations about the averaoe Since an analytic calculation of exactlv how this 
var,e~, 6 Monte Carlo s1mulation was pertormeo The probab1l1t, tha· a given fraction of data items will lie 
to the lett oi the confidence line seem~ t~ be independent ot the samole size as illustrated by the histogram 
o' figu~e 16 for 90 percent confidence lines we can conclude that it fewer tnan t>O percent of the point$ lie 
tc the left of a 90 percent confidence line, tor examole, ther the data is susoicious Figure 17 is a similar 
plot for 10 percent confidence lines 
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