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FOREWORD 

1. This military handbook is approved for use by ell Departments end Agencies of the Department of Defense. 

2. Beneficial comments (recommendations, edditions, deletions) and any pertinent data which may be of use 
in improving this document should be addressed to: Space and Naval Uarfare Systems Command, uashington DC 
20363-5100, by using the self-addressed Standardization Document lmprovement Proposal (DD Form 1426) 
appearing at the end of this document or by letter. 
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CAUTION 

THIS DOCUMENT HAS BEEN ASSEMBLED AS A GUIDELINE FOR THE 
DEVELOPMENT OF A DOSE-RATE HARDNESS ASSURANCE PROGRAM FOR 
SEMICONDUCTOR ELECTRONICS. IT IS NOT INTENDED TO BE USED AS A 
REQUIREMENTS DOCUMENT. THIS DOCUMENT MAY NOT CONTAIN ALL THE 
INFORMATION NEEDED TO ESTABLISH SUCH A PROGRAM. 
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PREFACE 

Preparation of this handbook has been carried out under the direction of 
Defense Nuclear Agency (DNA), and their contracting officers Major B. Hickman 
and LCDR L. Cohn. Many individuals in the hardness assurance community have 
contributed significantly to the preparation of this document by preparing 
text, offering comments, and reviewing draft documents. Special thanks must 
be given to Mr J. Ferry (AFWL) who has served as the project monitor for this 
work; Dr. Eligius Walicki who served as the DNA Program Area Reviewer for 
Hardness Assurance and the Chairman of the Space Parts Working Group Hardness 
Assurance Committee; and to Dr. Harvey Eisen, the present DNA Program Area 
Reviewer for Hardness Assurance. Special acknowledgement is given to William 
Alfonte (KAMAN-TEMPO), Tom Ellis (NWSC), Joseph Halpin (HDL), John Harrity 
(IRT), Arthur Namenson (NRL), Ron Pease (MRC) Robert Poll (JAYCOR) who have 
contributed significantly to the pyepaYation of this document. Without the 
aid and expert knowledge of all of these individuals and the Hardness 
Assurance Committee of the NASA/SD Space Parts Group, the development of this 
document would not have been possible. 
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1. SCOPE 

1.1 Scope. The scope of this document is limited to dose-rate radiation effects on semiconductor 
electronics and is specifically intended to address hardness assurance at the piece-part level. Because the 
nature of dose-rate effects sometimes requires a close interaction between system hardness assurance and 
piece-part hardness assurance, some system requirements are also discussed. 

1.2 Users of this document. This document is written primarily for those individuals who are involved 
with haroness assurance aeiivliies. Ii also provides a guide for designers of radiation hardened systems 
and, as a result, is an aid in developing hardness assurance design documentation CHADD). 

1.3 Document application. This document primarily discusses piece-part hardness assurance methods for 
the dose-rate environment, and addresses system hardness assurance topics only es they are necessary to 
complete the discussion of piece pert hardness assurance. Thus, the discussion will deal with the radiation 
categorizing of piece-perts according to certain criteria, which will determine the controls needed during 
pert procurement. Specific activities and functions which may be significantly different for different 
systems and for different contracting organizations will not be discussed in detail in this document. 

1.3.1 Dose-rate dependent problems. Certain dose-rate dependent problems, such as b4Jrnout and latchup, 
cannot effectively be handled at the piece-part level. In these cases, system- and circuit-Level, or both 
design solutions may be the most effective ■eans of ensuring survival. 

1.4 Effects. This section provides a brief overview of the important elements of dose-rate hardness 
assurance. The following sections of the document will address some of these issues in greater detail. A 
su11U11Bry cf dose-rate effects is shown en figure 1. 

1.4.1 Photccurrents. The dose-rate environment produces transient current surges in semiconductor 
devices. In a single junction, the current is called photocurrent Cl) and flows in the direction of 
junction leakage current. In transistors, the current surge in the corlector-base junction is called the 
primary photocurrent (lpg) and may, in certain cases, be amplified by the transistor gain to produce 
secondary photocurrents· \lsp>. 

1.4.2 Discrete devices. In discrete devices, the phctocurrent may appear as a transient noise pulse, 
interfering with the normal operation of the device or the circuit in which it is used. If the radiation is 
intense enough and if the resulting energy deposited in the device is great enough, the device aay burn out. 

1.4.3 Intearated circuits. Dose-rate effects in integrated circuits are similar to the effects observed 
in discrete devices. One co111110n term which is used to describe the dose-rate effect in integrated circuits 
is •upset.u The device is said to have upset when the dose-rate effect results in the device being in an 
unwanted operating state es a result of the radiation. For example, the dose rate response of bipolar 
linear circu;ts may appear as an output voltage transient Lasting 10 or more microseconds, along with power 
supply surge currents. Digital circuits may experience a change in output state, a change of state of 
stored data (bit flip), or simply a deviation in output voltage which is defined as being unacceptable for 
proper operation of the device. In most cases, the device will recover and continue to function normally, 
once the radiation pulse terminates and the induced transient subsides. However, if sufficient energy is 
available, the device may be damaged and may not recover after the radiation pulse. 

1.4.4 Latchup. In both linear and digital integrated circuits, the device may experience en effect 
called four-layer latchup. Should the device enter a latchup condition, the circuit will cease to operate 
nor-ully, and may in fact burn out. A sumary of these effects is shown on figure 1. 

1.5 Part categories by effect. It should be noted that the perts must be categorized separately for each 
dose-rate radiation effect. For example, a dielectricelly isolated integrated circuit may be judged to be 
HNC for latchup but a HCC-1 for upset. Therefore, the device would be categorized as HCC-1. 

1.6 Dccu=entation. Ha~nezs assurance for piece parts takes place during the system pnxfuction and parts 
procureaent phases. The tests and screens which were determined during the design phase, and are described 
in detail in the hardness assurance design docu■entation CHADD), are put into effect during the hardness 
assurance phase. 
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1.6.1 Design documentation. This is a collection of infor11ation on the design hardening techniques used, 
the survivabilityivulnerability analysis, configuration and qualliy control, test d,no, 1-J1"u1.1• .11"ic:111ic:1u. 

specifications, 11Bnage•ent, end any other information necessary for production of the system: 11 

1.6.1.1 Typical documentation. These documents caay very between systems, but a com11100 set would contain 
the following: 

a. An introduction. Providing a general systems operation and functional description. 

b. An HCI Index. 
application. 

Providing a hardness critical item list which relates hardness critical parts to their 
The hardness criticality is indicated end cross-referenced to analysis. 

c. A hardness assurance plen. Presenting the management organization end technical requirements which 
are to be iMple■ented throughout the production period. 

d. An analysis discussion. 
information. 

Containing the survivability/vulnerability analysis and any related 

1/ Fore more complete description of the HADD, see 6.1 herein. 
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2. APPLICABLE DOCUMENTS 

2.1 Government documents. 

2.1.1 Specifications, standards, and handbooks. The following specifications, standards, and handbooks 
form part of this document to the extent specified herein. Unless otherwise specified, the issues of these 
documents are those listed in the issue of the Department of Defense lndex of Specifications and Standards 
(DODlSS) and supplement thereto, cited in the solicitation. 

SPECIFICATIONS 

MILITARY 

"IL-S-19500 

"IL-N-38510 

MIL-1-38535 

STANDARDS 

MILITARY 

KIL-STD-202 

KIL-STD-750 

Mll-STD-883 

KlL-STD-45662 -

HANDBOOKS E_/ 

"ILITARY 

"IL-HOBK-279 

"IL-HOBK-280 

iiIL-HOBK-816 

Semiconductor Devices, General Specifications for. 

Microcircuits, General Specifications for. 

Integrated Circuits (Microcircuits) Manufacturing, General Specification for. 

Test Methods for Electronic and Electrical Component Parts. 

Test Nethods for Semiconductor Devices. 

T~st Methods and Procedures for Microelectronics. 

Calibration Syste ■s Requirements. 

- lotal Dose Hardness Assurance Guidelines for Semiconductor Devices and 
Microcircuits. 

- Neutron Hardness Assurance Guidelines for Semiconductor Devices and 
Kicrocircuits. 

- Guidelines foi D'l;"v,.Lu... ;,,!;f Radiation Hardness Assurance Device Specificetions. 

(Unless otherwise indicated, copies of federal and military specifications, standards, and handbooks are 
available from Standardization Documents Order Desk, Building 4D, 700 Robbins Avenue, Philadelphia, PA 
19111-5094.) 

2.1.2 Other Government documents, drawings, and publications. The following other Government documents, 
dre~ings, and publications form a part of thia document to the extent specified herein. Unless otherwise 
specified, the issues ere those cited in the solicitation. 

DOO!SS 
ONA 5910F 
ONA S909F 
ONA 5928 
ONA 5913 

Depart ■ent of Defense Index of Specifications and Standards. 
Piece-Pert Neutron Hardness Assurance Guidelines for Se■ iconductor Parts. 
Total Dose Hardness Assurance Guidelines. 
Latchup Analysis of Bipolar Integrated Circuits. 
Upset Response Testing of HSI Integrated Circuits. 

E_/ MIL-HOBK-815 will supersede HIL-HOBK-279 end HIL-HOBK-280 when available. 
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(Copies of Defense Nuclear Agency (DNA) guideline$ and reports are available from the Defense Nuclear 
Agency, 6801 Telegraph Road, Alexandria, VA 22310-3398. Copies of the DODISS are available on a yeerly 
subacription basis either fr011 the Government Printing Office for hard copy, or microfiche are available 
fro• the Director, Navy Publications and Printing Service Office, 700 Robbins Avenue, Philedelphia, PA 
19111-5093. l 

2.2 Non-Govcrn ■ent publications. The following docu ■ents form part of this document to the extent 
specified herein. Unless otherwise specified, the issues of the docu ■ents which are DOD adopted arc those 
listed in the issue of docu■enta not listed in the OODJSS ere the issues of the documents cited in the 
solicitntion. 

AMERICAN SOCIETY FOR TESTING AND NATERIALS (ASTM) 

ASTN E665 - Standerd Prnctice for Deter■ ining Absorbed Dose Versus Depth in Naterinls Expased to 
the X-Ray Output of Flesh X-Rny f'l8chines. 

ASTN E666 - Stendard Practice for Calculating Absorbed Dose from Gaaaa or X Radiation. 

ASTH E668 Standerd Prectice for the Application of iher.atu ■ lneseence-Dosiuetry (TLD) ~,~L~-
for Oeter ■ ining Absorbed Dose in Radintion-Hl!llrdness Testing of Electronic Devices. 

ASTN E820 - Standard Practice for Determining Absolute Absorbed Dose Rates for Electron Seams. 

ASTN F448 - Standard Test Method for Measuring Steady-State Primary Photocurrent. 

ASTtl F526 - Standard Test Nethod for Measuring Dose for Use in Linear Accelerator Pulsed 
Radiation Effects Tests. 

ASTH F675 - Standard Test Method for Measuring Nonequilibriu ■ Transient Photocurrents in p-n 
Junctions. 

ASTM F744 - Standard Test Method for Measuring Dose Rate Threshold for Upset of Digitel 
Integrated Circuits. 

ASTII Fm - Standard Practice for Measuring Dose Rnte Response of Linear Integrated Circuits. 

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

(Non-Govern■ent standards and other publications are normally available from the organizations that 
prep!!re or distribtJte the documents, These documents also aay be available in or through libraries or other 
informational services.) 

2.3 Order of precedence. In the event of a conflict between the text of this docu ■ent and the references 
cited herein, the text of this document takes precedence. Nothing in this document, however, supersedes 
applicable laws and regulations unless a specific exellJ)tion has been obtained. 

4 
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3. DEFINITIONS 

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

cca Configuration Control Board 

b. HA Hardness assurance 

c. HADD Hardness assurance design documentation 

d. HCC Hardness critical category .. HCI Hardness critical item 

f. Hardness maintenanceH" 

g. HNC Hardness noncritical 

h. P"PCB Parts, material and process control board 

i. SPO System Project Office. The SPO is the overall controlling organization for the 
project under consideration. It is intended to be a generic term so as to 
standardize, for the purposes of this document, such expressions as system, system 
project, Project Kanager's Office, Project Nanager, procurement agency, and 
contracting agency. 

3.2 Definitions and symbols. For the purpose of this handbook the following definitions and ,ymbols 
shall apply. 

3.2.1 Burnout. Burnout is the failure of a device subjected. to electrical overstress. Typically, 
thermel damage has occurred within one or more device junctions or within the device metallization. 

3.2.2 Confidence level. Confidence level CC) is the probability <usually given in percent) that at least 
a portion, r> of the parts in the lot will survive.CP015 

3.2.3 Cumulative probability. Cumulative probability (PDIST> is the percentage or proportion of a 
probability distribution which is below a given upper limit for above a given lower limit. 

3.2.4 Design margin break point. Design margin break point (D"BP) is a categorization aethod vhich 
provides a criterion which 111ay apply to all parts in a system and is based on a single fixed value of design 
margin. 

3.2.5 Dose rate. Dose rate (Y) is the dose rate level under consideration. It is usually stated in 
interims of rads(Si)/second. 

3.2.6 Dose rate design margin. Dose rate design margin (D11y) is the ratio of the ■ean failure dose rate 

to a specified dose rate. 

3.2.7 Dose rate to failure value. Dose rate to fail1.1re value Ci'FAIL) is the dose rate level for the 

pert under test et which a parameter designated as PARRAD equals PARFAIL· 

3.2.8 Environ ■ent. Dose rate effects may be caused by a variety of ionizing radiation environ■ents. 
These environaents may consist of neutrons, photons, electrons, or single particle ionization. The methods 
which ere used to harden against the variou, environments may very from one environment to another. For 
example, shielding can be an effective tool for some low energy x-rays but my be ineffective for higher 
energy gamma rays. In contrast, even though the hardening methods may be different, one may find that the 
hardness assurance procurement procedures ■ey be similar regardless of the environment. 

5 
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3.2.9 Hardness assessment. Hardness assessment is the deter ■ ination of the susceptibility to da111t1ge or 
upset of a system, subsystem or component. 

3.2.10 Piece-part hardness assurance. Piece-part hardness assurance is the application of production 
controls and tests to the procure■ent of an electronic part to ensure that its radiation response is within 
acceptable li ■ its. 

3.2.ii Svstem hardness assurance. System hardness assurance consists of the procedures applied during 
system fabrication, and procurement to ensure that the system maintains a nuclear response that stays within 
acceptable l i11its. 

3.2.12 Hardness maintenance. Hardness maintenance is the combination of inspection, test, and repair 
activities accomplished on a hardened syste■ to ensure that the hardness designed into the system is 
retained throughout the syste■ lifeti ■e. 

3.2.13 Hardness surveillance. Hardness surveillance consists of the long term inspection and test 
procedures, performed beyond hardness maintenance, which are conducted to assure that systems are properly 
11aintained ~ith the desired herdness. 

3.2.14 Hardness verification. Hardness verification is the deter■ ination through a careful sequence of 
tests and analyses that a system design is in fact hardened in co■ptiance with the nuclear specification. 

3.2.15 Latchup. Latchup in integrated circuits is an abnormal operating state usually characterized by 
the failure of a device to respond properly to input conditions, and the presence of abnormally high 
currents or both flowing in the device. Latchup is usually caused by the regenerative action of four layer 
(PNPN) conduction paths within the device. 

3.2.16 Lot. Lot is the collection of parts from which the sal!llple has been taken (see NIL-H-38510). 

3.2.17 Lot acceptance. Lot acceptance test is the test of e sa11ple of parts from a procure ■ent lot to 
deter ■ ine if the lot is acceptable. For the purpose of hardness assurance, this term is intended to be a 
generic term in order to standardize on commnly used expressions such as lot conformance test, quality 
conforaance test, or quality conformance inspection. 

3.2.18 Lot size. Lot size (N) is the nuaber of perts in the lot before the sample has been removed. 

3.2.19 Nean dose rate to failure. The mean dose rate failure for (YHP') • 

3. 2. 20 Measured logarithmic 11ean. Measured logarithmic mean for PARRAD [J!n( PARRAD)J. 

n 
ln(PARRAo> "~ E £n(PARRAo-> 

n i :::ti 1 

3.2.21 Measured logarithmic mean. Measured logarithmic mean for i'FAIL ci!nCl'fAIL)). 

6 
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n 
l!n<i'FAIL) s 2 Lin <i'FAIL-> 

n i =1 , 

3.2.22 Measured logarithmic standard deviation. The ■easured logarithmic standard deviation for 

3.2.23 "easured logarithmic standard deviation. Measured logarithmic standard deviation for 

n 
_,_ L Un(PARRAa-> 
n-1i=1 l 

3.2.24 Measured mean. Measured mean for PAR(PAiJ. 

n 
PAR= - E PI\R; 

n i •1 

where PARi is the parameter value ~easured for the ; th device. 

3.2.25 Measured standard deviation. Pleasured standard deviation for PARRAD [s(PARRAolJ, 

n 

E (PARRAD· 
i •1 l 

3.2.26 One-sided tolerance limit. One-sided tolerance limit(~) is the number oi standard deviations 
fr-oa the mean which define5 a limit on a normally distributed parameter (PAR), with confidence C that the 
pare■eter in the parent population is greater than 

or less than 

7 
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3.2.27 Para ■eter feilure value. Pare■eter failure value (PARFAlL> is the value of e particular parameter 
for the device under evaluation at which circuit failure is defined to occur. This value is application 
dependent. 

3.2.28 Parameter specification value. Parameter specification value (PARHIN or PAR"A~) is the specified 
minimum or Mximum device parameter value prior to irradiation. This value is usually given by the 
manufacturer. 

3.2.29 Para ■eter design aargin. Parameter design margin (DM) 

for parameters which increase with radiation, and 

OM = exp cln(PARRAoll / PARfAIL 

for parameters which decrease with radiation, where PARRAD is evaluated at YsPEC. 

3.2.30 f!!!. Part (piece part) is the electronic device used in a specific circuit application or test. 

3.2.31 Part categorization criterion. Part categorization criterion (PCC) is a categorization method 
which sets a separate criterion to categorize each particular part type used in a system. The OM of each 
part type is compared to its PCC to deter~ine its part category. 

3.2.32 Part parameter value. Part perameter value (PAV) is the electrical parameter value measured for a 
device. 

3.2.33 Radiation-induced perameter value. Radiation-induced parameter value (PA~RAD) is the value of a 
parameter at a particular radiation level. 

3.2.34 Sa11ple size. Sample size Cn) is the number cf parts, selected at random froa the lot, to be 
tested. 

3.2.35 Specified dose rate. Specified dose rate <YsPEc> is the maxi-.im dose rate which the circuit 

under consideration must withstand. 

3.2.36 Survivebility level. Survivability level is the radiation level which the device, circuit or 
system can withstand without suffering an impairment of its ability to accomplish its function. 

3.2.37 Symbols. 

OM(PAR) 

Dl'tBP 

OM 

°YFAlL 

YHF 

YSPEC 

Confidence level 

Parameter design margin 

Design ■argin break point 

Dose rate design 11argin 

Dose-rate-to-failure value 

Mean dose rate to failure 

Specified dose rate 

8 
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Circumvention dose ratei'ctRC 

Junction photocurrent 

Primary photocurrent 

Circuit saturation current 

Secondary photocurrent 

Terminal current 

Threshold current 

One-sided tolerance limit factor 

n 

N 

PAR 

PARFAll 

PARNIN or PARKAX 

PARRAD 

PCC 

Neasured logarithmic mean for PARRAO 

Measured logarithmic mean for i'FAIL 

Sample size 

Lot size 

Device parameter value 

Parameter failure value 

Specified parameter value (minimum or maximum) 

Radiation-induced pera ■eter value 

Part categorization criterion 

Standard deviation for PARRAD 

Heasured logarith■ ic standard deviation for i'nu. 

Cu11Ulative proportion of distribution 

Recovery time 

Allowable recovery time 

3.2.39 Vulnerability level. Vulnerability level is the level at which the device is considered to have 
failed the functional requirement. 

9 



KIL-HDBK-815 

4. DESIGN HARDENING 

4.1 Overvie~ of dose-rate design hardening. Dose rate design hardening is the iterative process by which 
the system requirements are assessed, the circuits are designed, parts are selected, and circuit 
susceptibility is assessed to achieve an optimally hardened circuit design. The syste■ specifications are 
met by hardening methods such as part selection, current-limiting, photocurrent compensation, power 
management, shielding, and other methods. The following sections describe those specific aspects of design 
hardening which affect dose-rate hardness assurance end outline the general requirements for radiation 
design hardening. The output of the design hardening program as required for hardness assurance is 
discussed. 

4.1.1 Radiation design hardening. Radiation design hardening consists of circuit design, parts 
selection, and hardness assess ■ent activities perfor ■ed to achieve an optimum and cost-effective circuit 
de,ign that wilt be surviveble in e given radiation environment. 

4.1.2 Dose-rate hardening methods. Dose-rate hardening methods cannot usually be li ■ ited to a single 
technique which applies to all effects. In addition, nany of the techniques used involve circuit or 
system-level consideration and do not necessarily depend on specific device characteristics. In general, 
hardening techniques fall into three categories: 

a. Those which deal with the devices and, therefore, are strongly influenced by the choice of devices 
(e.g., dielectric isolation). 

b. Those which use a circuit or system solution that depends on knowledge of the device 
characteristics, (e.g., current li ■ iting). 

c. Those which use a circuit or system solution that does not directly depend on the specific device 
characteristics, (e.g., circumvention). 

4.1.3 Design hardening process. Once system analysis has determined that dose-rate hardening is 
required, the process of design hardening begins and produces several results that are required for the 
hardness assurance program. The following steps are required to carry out a successful program; 

a. Deter ■ ination of hardening measures. 

b. Determination of the circuit failure criterion for each part application and dose-rate effect on the 
basis of worst-case analysis. 

c. Deter■ inetion of the ■ean-dose-rete-to-failure which causes the circuit or device to fail. 

d. Identification of the characterization data, date source, end quality of data used for the 
determination of failure. 

e. Determination of the device design margins. 

f. Determination of the part categorization criteria, PCC, or the DMBP value. The device design 
1RBrgins are compared to the categorization criteria to determine test and control criteria. 

g. Categorization of the part for eech application and effect being evaluated. 

4.1.4 Statistical qualification. In so■e cases, where little data ere available, pert characterization 
may be used to qualify devices on a statiaticel besis. Statisticel qualification requires thet the 
population of devices hes e statistically well behaved dose-rate respgnse which follows a known 
distribution. In other situetions where the pert respanse is extre■ely variable, a worst-case esti ■ate of 
the bound of the statistical distribution aay be used. 

4.1.5 S111all design margins. Part types with very s11all design ■ergins should be eliminated from use in 
the system. The decision es to when a design mergin is small enough to make the pert unacceptable will 
depend on the cost of rejecting lots during hardness assurance versus the cost of either using a less 
sensitive pert type or redesigning the circuit. Since these costs ere highly dependent on the specific pert 
type and the specific syste■ in which the pert is used, no one formula for deter ■ ining a mini111.1 ■ acceptable 
design margin can apply to all situations. Two suggested general rules for selecting parts are: 

10 
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e. Pert types with design 1nargins 1 or Less will not be used. 

b. Part types with design rnergins between i ena ~ are generaLlY unacccp~nuLe, and should be used only 
if no alternativea are available. On the basis of calculations for silicon bipolar transistors, a 
relatively high rete of lot rejection and part failure or both is to be expected when parts with 
design margins less than t1,10 are used. The actual rejection rate and risk will depend on the part 
distribution and the variance of that distribution. 

4.1.6 Pert selection. During design h.ardening, one of the most effective steps for reducing hardness 
assurance costs is the proper selection of radiation-resistant parts. This is partic~larly important for 
dose-rate effects, 1ince some of these effects are most efficiently handled by the choice of proper perts. 

4.1.6.1 Device design fabricetion parameters. Device design fabrication parameter5 my be an important 
factor in controlling the dose-rote response of e device (see figure 1). For example, parts with dielectric 
isolotion, gold doping, buried layers or other techniques, may be used to avoid latchup. Internal 
photocurrent coapensotion IIIBY be used to improve the threshold for upset. These kinds of factors need to be 
considered when components are beirtQ selected. Perts with s11aller geometry, ~aving lower photoresponse, 
might be substituted for parts with unacceptably large photoresponse. Parts with higher thresholds for 
upset or burnout may be substituted for others. 

4.1.7 Circuit design features. The use of special circuit design features may be an effective system 
solution to accomplish hardening for the dose rate environment. The use of low voltages and long circuit 
time constants may be an effective hardening method. Low voltages reduce the probability of latchup, while 
Long circuit ti ■e constants IIBY raise the upset threshold of the device. 

4.1.7.1 Current limiting. Current limiting i! e herdening technique 1:mich, thrO'Jgh circuit de!ign, 
limits the maximum current which may be delivered to the device. ln general, current limiting can be an 
effective means of increa$ing the immunity of the device to burnout and preventing latchup. 

OOSE RATE 

PHOTOCURRENTS 

O!SCRETES INTEGRATED CIRCUITS 

TRANSIENT CHANGE OF TRANSIENTBURNOUT BURNOUT UPSET LATCHUPNOISE STATE NOISE 

FIGURE 1. Response tree for dose-rate effects. 
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4.1.8 System level solutions. Like part selection, circuit design hardening can bee very effective way 
of reduci"g the '1ardness assurance effort. Again, if~ ~ircuit ~an be redesigned to change the 
classification of a part fro■ radiation sensitive to insensitive, such redesign may be highly cost-effective 
over the life cycle of the system. Although the subject is very complex and a complete treatment is beyond 
the scope of this document, the following suggestions are considered: 

a. Uhere possible, circuits should be designed so as to maximize the use of intrinsically-hard pairts, 
and to minimize the use of costly radiation hardened parts. 

b. Circuits should be designed to minimize sensitivity to the transient dose-rate respon~e. 

c. Limiting resistors should be used to protect devices from burnout and to reduce latchup sensitivity. 

d. Syste= or circuit design sotutioni should b~ considered for devices ~here e design !!!!!f1Jin epp~ch 
is net possible. For example, devites that are susceptible to latchup do not usually lend 
themselves to a design margin approech. ln this case a power 11anagement technique, where power is 
11011entarily re.:>ved, \IOUld be a possible alternative at the syste■ level. 

4.1.8.1 Circumvention and power maneaement. It is net always feasible to eliminate all devices which are 
latchup-prone fro■ the system design. Therefore, the possibility cf device latchup -..st be eliminated by 
other means. Often, SOflle for■ of pawer nanage ■ent is used in circuit design. Either the power is 
periodically relflCved from the device through a ■ethod of power strobing, where the device power is 
periodically removed, or pawer is reroved upon the detection of radiation, es in circu ■ventioh. 

4.1.8.2 Fault-tolerant design. The area of fault-tolerant design is beyond the scope of this docu•ent. 
For the present, it is sufficient to note that some circuits ere able to tolerate the upset or failure of 
some devices. ln upset-tolerant circuits, the devices are usually linear or combinatorial logic devices and 
are restored to their correct operating conditions after the radiation pulse. Han-attended equipment may 
even be allowed to tolerate latchup, blown fuses and tripped circuit breakers. 

4.1.8.3 Shielding. For space systems, prompt dose-rate effects are the result of the sum of the x-ray 
and pro11pt gamma-ray induced transient ionization. The dose rate caused by the x-rays is usually doairn,nt 
over the gamma-ray dose rate. The x-rey dose rate can be reduced with shielding. Let environment cannot 
practically be reduced with shielding for missile or airborne systems. Thus, shielding is in general only 
practical to reduce the x-ray component to the level of the Ycomponent. For systellS which -.ist operate 
through an event, this can be i111p0rtant since the ganwaa rays alone can induce circuit upset. It should be 
noted that so■e shields used to reduce the x-ray dose can cause IEKP problen and techniques such es using 
low-Z coating material may be required to reduce electron eaission on certain space or airborne syste■s. 
For s011e ground-based syste■s, large a110Unts of shielding MY be possible. Concrete bunkers or other heavy 
shields may be considered. 

4.1.8.3.1 Space system shielding. In eny space systems, dose-rate effects can be greatly reduced 
through the use of some careful design factors and judicious shielding. Some simple design rules that are 
often used are: 

a. Bury sensitive components deep in the system, for self-shielding. 

b. Group sensitive C011p0f1ents together for wtual protection and shadowing and rore econoaical 
shielding. 

c. Locate such groupings near aassive structural elements. 

d. Increase chassis and structural eleaent thickness in selected areas for increased shielding. 

e. Include s11all local device shields for additional dose rate reduction. 

4.1.8.3.2 ~eight penalty. lt is iMpOrtant to note that the weight penalty for extensive and massive 
shielding is often prohibitive for space or airborne systeas, and device location is often dictated by 
circuit requirements which aay preclude locating the part in an opti-.i ■ location fer shielding. New 
packaging techniques are being developed, which incorporate shielding as part of specially constructed 
packages (see 6.1.4 herein). 
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4.2 Part categorization methods. As part of the design phase, it is hecessery to determine the radiation 
respc,nse of the pert types, and to classify the parts with regard to the need for hardness a,surance. The 
categorization of the part types is performed in accordance with 5 hereih. 

4.~.1 Categorization of parts. categorization of parts is 1110re complex for dose-rate effects then for 
other radiation effects. Because of the multiplicity of effects in the dose-rate environment, each effect 
should be considered separately. For example, a part may be protected from burnout by providing adequate 
current-limiting but may still be sensitive to upset. Thus, the part would be examin~ for each failure 
mode identified in the design. 

4.2.2 Failure modes. Fortunately, some failure modes such as upset are nondestructive and, therefore, 
may be handled using a 100 percent screen to ensure hardness. However, such screens inay be necessary only 
in the .:,st severe environments where the parts have a small margin, or for special cases such as radiation 
detectors. 

4.2.3 ~art categories. The categories into which parrs •sy be $egregeted b&sed on their various dose 
rate responses are: .. Hardness critical Lot acceptance tests end/or hardness as3uranc~ 

r:J1t1111nnrv 111 (HCC-111) ~r:r~~ r~ui rf!cL-- ~-;i-· ,I 

b. Hardness critical These parts may not require lot acceptance 
category 1$ (HCC-1$) acceptance tests because they have sufficient design margin, but are 

included. in the HCC-1 classification because they may be nonstandard parts, 
or may require special procurement from one or more specific manufacturers 
due to the pa,ticular process~related radiation char~cteristics cf the 
menufacturers. HCC-IS parts may require occasional sample testing similar 
to that which may be done for HCC-2 parts, to assure that the 
process-related radiation characteristics do not change with time. 

c. Hardness critical These parts would not require lot acceptance 
category iH (HCC-iHj tests on the basis of design margin, but are incLuaea 1n ~ne n~~-• 

classification because they are hardness-dedicated parts. These parts are 
included in the design for the purpose of hardening. Protection diodes and 
circumvention detectors are in this category. 

d. Hardness critical These parts do not require lot acceptance tests, 
category 2 (HCC-2) but 11ay require occasional sample testing to verify that the manufacturing 

process has not changed significantly. 

e. Hardness noncritical These parts have such large design margins, or do not have a 
(HNCl critical radiation failure criterion, so that testing is not 

required; even on en occasional basis. 

4.2.4 Design margins. Design margins are used to categorize p?trts to determine the degree of control end 
testing that may be required. TIJO methods are proposed for classifying the perts, the design margin 
breakpoint method and the pert categorization criterion inethod. 8oth methods r~uire part radiation 
characterization test data to determine a design .argin. The design margin is then compared to a numerical 
value specified b-/ Oi"l.e of the t~ aethods. 

4.2.4.1 Design urgin break point method (DftPB). The DftBP method (see 6.1.3 herein) is generally most 
useful for systems with moderate requirements. Uhen the DHBP method is used, a single value of the DMBP is 
spectfied during the (le5jgn pha#e. This nuaber is the breakpoint between HCC-IM, where tests are required 
on each lot, and HCC-2, Where tests are not required on each lot. In addition, a design margin which 
separates HC.C-2 from HNC will also be specified. 
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4.2.4.1.1 Design aargin break point value. Since the DMBP value is the breakpoint between categories 1 
and 2. Increasing this value increases the confidence that can be placed in the HCC-2 part categorization. 
However, it also increases the number of HCC-1H part types that will require lot acceptance testing. 
Generally, it is cost-effective to set the DMBP value as low as practical within the risk factors 
established by the system requirements. The DMBP methcxf is important tor dose-rate hardness assurance 
because statistical failure distributions are not known for all effects, and the designer must rely more 
strongly on engineering judgaent. A design margin breakpoint value will need to be specified on the basis 
of the best available inforaaation. 

4.2.4.2 Part categorization criteria ■ethod. The PCC method (see 6.1.1 and 6.1.2 herein) is DOst often 
used for systeas with severe require■ents. However, one of the acre i ■portant assumptions nade in using the 
Pee method is that the failvre response of the device may be characterized by a known, or perhaps a 
worst-case, statisticel distribution. Before the ■ethods used to determine the part categorization are 
presented, it should be painted out tntlt a signifiunt partion of radiation test data seems to be best 
represented by the log-normal statistical distribution. (The log-nor ■al distribution is nonsymmetrical, 
with a positively skewed tail.) The ■ean value for this distribution is the geoaetric ■ean, and the 
variance of the data is the geometric dispersion. To apply nor\\Sl statistical calculations to log-normal 
data, it is first necessary to transform the data into a normal distribution space by taking the logarith■ 
of the data. After the nor ■al statistical calculations ere completed, the antilogs ■ust be used to transform 
the calculations back into the log-normal space (see 6.1.1 end 6.1.5 herein). 

4.2.4.3 Design margin COll!Promise. In addition to the DMBP and PCC values, the design developers may 
specify a level above the specification criteria requireaents that is used to differentiate between 
unacceptable '1)8rts and those classified as HtC-1K. The value assigned ~o this number is based on several 
considerations. A small value may be desirable to mininize the number of part types categorized as 
unacceptable. However, too saall of a value may result in an unacceptably high rejection rate during lot 
acceptance testing for part types with small design margin values. The value selected will bee c0111proaise 
between these two factors. 

4.2.5 Dose-rate statistics. Some dose-rate effects do not follow log-normal statistics. For exafllJ)le, 
some burnout data may follow a billOdal distribution (see 6.1.6 herein). Therefore, before these hardness 
assurance methods are applied, the statistics being used to define the llardness assurance tests must be 
verified through standard statistical tests; In some cases, a Larger design margin the DHBP method may be 
~sed to compensate for distributional variations. 

4.3 Yorst-case analvsis. The dose-rate environ■ent produces a transient photoresponse in se ■ iconductor 
devices ~hich results in B Yftriety of devi,e effects; depending on the type of devi,e. The design ~rgin; 
on the other hand, is usually defined in ter ■s of the ratio of the mean failure dose-rate to the specified 
level. Although the actual design 11argin aay be defined in ter ■s of a dose-rate margin, the actual failure 
occurs when a particular device parameter reaches so■e li ■ it. This end-point electrical parenter failure 
value is called PARFAIL and is determined by vorst-cese circuit analysis. 

4.3.1 ~ parameter criteria. Upset is a nondestructive transient effect that interrupts norll8l 
system operation. Circuit upset may or mey not occur because of device photocu~rent, depending on the 
circuit and piece-part response and recovery time. Hardening against upset can require circuit IIIOdification 
e.g., increasing circuit ti ■e constants, software ■odification, signal time sequencing, or piece-part 
replacement. Since dose-rate effects are often transient in nature, the actual failure parameter may not be 
one of the usually measured device parameters such as gain or saturation voltage. The dose rate effect may 
be an upset, change ln output voltage, or even a devlee burnOUt. Table 1 gives a partial list of SOiiC 
coaaon dose-rate effects for a number of device types. 

4.3.2 Burnout analysis. Burnout enely,is consists of deter ■ ining the stress on the device end comparing 
that stress to the failure threshold of the device. However, burnout date in the dose rate environ■ent is 
not usually readily available, and some procedure for estiaating the burnout threshold DUSt be used. 
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TABLE I. Typical dose-rate failure parameter criteria for several device types. 

Part Parameter failure condition 
class and comments; 

Diode 

Transistor 

Linear lCs 

Digital 

Ip= photocurrent 

1 = saturation current
5 

15P = secondery photocurrent 

Transient upset 

Burnout 

Latchup 

Upset 

Bit flip 

Burnout 

Latchup 

I"= l~h where l•h is the pulsed 
p0wer ~amage threShold. I 

I 
I 
I 
I 

Latchup cannot be handled in terms of a I 
PAR., • .,. Device ceases to respond.

rl\.&.L. I 
AV0 change in output V Upset may be handled 
in terms of noise margins, or simply in 
terms of the dose rate which produces upset 

Change of state in stored parameter. 

1T = 1th 

Latchup cannot be handled in terms of a 
PARFAIL" Device ceases to function. 

4.3.2.1 Failure estimation. At DOderate dose rates, , burnout seldom occurs because 
of the energy in the pulse. Rather, burnout occurs becettW<qn11!1e,~r Af'Jfltf.~ in the circuit, (power 
supplies, capacitors, inductors), releasing their energy ~ t'Ae «fev1Ce'... 11tfe' analysis then aust consider the 
circuit current limiting, device susceptibility threshold end often will use the wunsch-Bell equation (see 
6.1.7 herein) or one of its modified forms (see 6.1.8 herein), to translate the threshold data to the time 
regime in question. If the device stress multiplied by the design margin is less than the expected failure 
thre$hotd~ the part i$ con$idered 38fe. If not, then device substitution! or circuit hardening techniques 
should be used. 

4.3.2.2 Burnout data. Existing data bases usually exhibit a wide range of values in the burnout 
thresholds. These data bases are usually most useful for comparison of devices in the device selection 
process. For reliable burnout data, a nullber of factors such as the defined failure criterion, the test 
techniques, and the data analysis ■ethods IIUSt be carefully examined for consistency with the application. 
If edflquate documentatfon is not available vith the data, the data base may be unusable fol' accurate burnout 
analysis, and new data may be required. 

4.3.4 Letchup analysis. Latchup analysis consists o1 identifying devices which ere susceptible to 
latchup. Some device technologies such es junction isolated integrated circuits ere known to be 
latchup-prone. Other technologies may require formalized letchup aneiysls procedures (see 6.i.9 herein) ~Q 

identify letchup paths. 11 latchup paths exist, then sorae action must be taken. Soae of these actions have 
been di,cussed earlier, end consist of Mrdening featu~es like pert substitution, or sy,te■ solutions (see 
6.1.10 herein). Some technologies, such as SOS and SOI, are latchup fl'ee. 

15 



"IL-HOBK-815 

4.4 Design 11&rgins. There are several design aargins which can apply to a system. As previously 
indicated, the dose-rate design margin is usually a ratio of a ■can dose-rate threshold to a specified dose 
rate. However, there are s011e exceptions. Typical design cargins are given below. 

a. For circuits in which the failure probability increases with dose rate, the design 11&rgin is 

YMF =--
i'spec 

where 'YMF is the ■ ean dose rate for failure. An exa ■ple of this design margin would be the cese 
of upset in integrated circuits. 

b. A subset of the first case would apply for circuits that incorporate circumvention in their design. 
In this cese, the design ergin would be 

'YIIF
D11y :::: 

YcIRc 

c. For some cases, the failure results fro• a change in the relative circuit response time. The 
design margin in these cases may be defined in terms of the allowable transient duration. The 
design margin could be 

t<all011edl 
DNy• C 

t(induced) 

The allowed transient duration could be a recovery ti~e in digital circuits or a saturation ti ■e in 
linear circuit&. 

4.5 Data requirements. Radiation respanse data on devices are needed for various aspects of the design 
of a radiation hardened system. The require■ents on data for the design hardening phase and the hardness 
assurance phase are S011ewhat different. These differences ere related to the issue of part qualification 
and part acceptance. 

4.5.1 Radiation characterization. Dose-rate response data are needed in the de~ign hardening effort to 
aid in part selection and the determination of expected design margins. The characterization data may be 
obtained froca existing data, or from new part characteri~ation tests. 

4.5.1.1 Burnout. Actual characterization measure■ents can be avoided if there exists a large body of 
data describing the dose-rate response of the devices. However, extreme caution must be exercised when 
existing data are used. Since .:ist dose-rate effects are related to device geoaetry, diffusion length, 
doping, etc., assurance aust be obtained thllt the data being used do in fact apply to the device in 
question. 

4.5.1.1.2 Existing data sources. Exiating data sources for burnout data may be considered for use. 
However, there ere a variety of ways in which burnout data may be taken. The test pulse duration and shape, 
the test circuit, the definition of failure, end the sources of devices are all variables which may affect 
the data. Burnout threshold data ■ay be useful, provided that the design margin is large enough to aake the 
devices HCC-2 or HNC. 

4.5.1.1.3 Latchup. L.etchup can be a low probability failure IIIOde in latchup-susceptible devices, and no 
amount of existing data can establish the latchup susceptibility of a part type with confidence. tstchup is 
lot sensitive, and existing data generally are not useful except to demonstrate that a particular device has 
a significant latchup problem. 
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4.5.1.1.4 Piece-part photocurrent data. The use of piece-part photocurrent data is frequently limited in 
upset analysis to comparison of circuits and devices as a first-cut screen to identify critical circuits 
that require detailed analysis and further test data. Existing piece-pert photocurrent data often must be 
interPolated or extrapolated because the radiation levels or pulsewidths used to obtain the data are not the 
same as those of the specified environment. Extrapolation of photocurrent data to higher radiation levels 
can lead to large errors because effects become nonlinear (e.g., the device may saturate). 

4.5.1.2 Characterization tests. Characterization measurements are made on samples of parts to estimate 
the radiation resp0nse-of the p0puletion of perts. The sample set consists of piece parts of a single pert 
type selected from e procurement lot. It is important to assure that a variety of date codes be represented 
in the sample in order to obtain a representative device response Cse~ 6.1.11 herein). Several situations 
exist. 

4.5.1.2.1 Upset testing. Upset testing is almost always nondestru~tive. Therefore, an upset threshold 
test on 100 percent of the devices could be performed, provided that only a small number of state vectors 
are required to be tested. For large~scale integrated circuits, the number of state vectors which need to 
be tested aay preclude a 100 percent test because of potential total dose damage to the device, test time 
and cost. In these cases~ the upset threshold must be found on a sample basis. 

4.5.1.2.2 BurnoYt threshc;,ld. Burnout threshold ■easurefflents are destructive tests. Therefore1 sample 
measurements must be !lade. The principal difficulty in burnout characterization is that threshold datB are 
quite variab(e, the tests are ti=e eotisuming, snd since tests are usu.ally done on small samples, good 
statistical analysis is not available (see 5.3.2). 

4.5.1.2.3 Latchup. Latchup is a problem which cannot be solved by sampling, since latchup can be a low 
probability failure mode. Therefore, sample tests are usually inadequate to determine the extent of the 
problem. As a result, latchup cannot be handled by statistical inference. 

4.5.1.3 Sample sizes. It is important, from statistical considerations, that as many devices as 
practical be used for radiation CNlracterization measurements (see 6.1.12 herein). A good statistical test 
would include at least 25 parts, and more would be better. The sample should come from several lots. An 
al:.sotute minimum wuuld be five parts, with such a s=aLL nu=be; b~ing us~ e.~ly ~+.en the parts ere difficult 
to obtain or the tests are very expensive. A small number of parts could lead to a poor and possibiy 
erroneous characterization. Furthermore, since the criteria for categorizing perts may depend on 
statistical considerations, the use of a smell number of parts may result in devices being categorized as 
HCC-l Clot acceptance test required) simply because of wide statistical uncertainties. This situation can 
lead to the requiring of large design margins, and perhaps greater expense. It is worth noting that a small 
sample size may turn out to be an nexpensive economy. 11 

4.5.1.4 ffeesurement of stress to failure. The recommended procedure for characterization measurements 
is to measure the threshold dose rate at which the dose-rate effect occurs. Many test methods have been 
written describing radiation test procedures. A listing of some of these procedures is given in Appendix B. 

4.5.1.4.1 General test procedures. The general test procedure varies, depending on the effect being 
measured. However, in almost all cases it is the threshold dose rate at which the dose-rate effect occurs, 
which is to be measured. The exception to this rule is data taken for burnout effects. This exception will 
be discussed later. 

4.5.1.5 Exaraple of upset data. An example of data for CMOS 16K random access memories is shown in table 
11. The date shown are for loss of date meesure■ents performed et e linear accelerator. These data ere 
presented es en example of the calculations described in the previou~ section, end should not be used for 
design inforution. A log-normal cumulative plot of the data is shown on figure 2, indicating the 
well-behaved distribution of this particular data set. A si ■ ilar plot would need to be IIMU:te for each data 
set in order to assure that the statistics used do, in fact, apply to the data in question. 

4.S.1.5.1 Data points. The date points representing the lowest upset value for the do$e rate have been 
least square fit for the analysis. Using the lowest upset values may be adequate for data of sufficient 
quality, where the difference between the highest nonupset dose rate and the lowest upset dose rate is only 
a few percent (-25 percent). In other cases, a maximum likelihood estimate could be used (see 6.1.13 
herein). 
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4.5.1.5.2 Log-norMl statistics. The cumulative plot of figure 2 indicates that the distribution of 
these data is approximately log-normal. Therefore log-noraal statistics will be assu■ed to be justified for 
use for hardness assurance on this device. The log-noraal mean and standard deviation are calculated in 
table II for use in this docu ■ent. (These parameters are defined in 3 herein.) 

4.5.2 Nonstatistical problems. So■e dose-rate effects cannot be analyzed statistically. For example, 
latchup someties has such a L0',,1 occurrence rate that the gathering ot statistics about the stress to 
failure would be imp;actical. The;efore, in the case cf lntchup, a less ~igcrous hardness assurance 
approach is often used for devices that are latchup prone. The procedure generally follows one of the 
following techniques: 

a. Latchup screens. 

c. System solutions. 

4.5.2.1 Latchup screens. Yhen four-layer peths exist in devices, the question of latch.up IIUst be 
considered. It has been suggested that if the beta product of the four-layer path could be determined, 
latchup could be handled statistically. However, insufficient data exists to qualify this technique, since 
parasitics are involved and quantification is elusive. 

4.5.2.1.1 Imposed screens. Latchup screens are often imposed to find latchup-free devices. These 
screens are designed to nondestructively test 100 percent of the devices in an ionizing radiation source 
(see 6.1.14 herein). Recently, 100 percent screening of parts has coae under criticism on the basis that 
the screen may overstress the parts, thus creating latent defects end impacting device reliability. This 
postulate has not yet been experimentally justified. All devices which latch are discarded. Problems 
associated with this technique are discussed in 5.2.2 herein. 

TABLE II. Loss of data para ■eter •easurement. 

Device All 11 s 

Serial No Upset Upset 

Number Cy) I RnCyl (y) I RnCyl 

1 8.00 E6 15.89 8.57 E6 15.96 

2 7.14 E6 15. 78 8.29 E6 15.93 

3 8.29 E6 15.93 9. 71 E6 16.09 

4 8.29 E6 15.93 8.86 E6 16.00 

5 1.00 E7 16.12 1 .03 E7 16.15 

6 1.00 E7 16.12 1.11 E7 16.22 

7 1.09 E7 16.20 1.11 E7 16.22 

8 1.00 E7 16.12 1.14 E7 16.25 

9 1.06 E7 16.18 1.14 E7 16.25 

10 1.17 E7 16.28 1.29 E7 16.37 

Avg. RnCyl = Avg.Rn(yFAIL) = 
16.06 16.14 

Std.Dev.8£n(y) = 0.16 Std.Oev.8Rn(yFAILl = 0.15 
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4.5.2.2 Letchup eN11lysis. A lotchup analysis procedure (see 6.1.9 herein) Has been developed for bipolar 
circuits to eid in the letchup assessment of circuits. The purpose of t~e letchup analysis procedure is to 
determine \ihether the device is Latchup free, by using en analytical technique. This procedure attempts to 
identify all the four-Layer PNPN paths in the device. By use of this procedure, one can determine if four­
layer paths exist, and if they are biased correctly for letchup, the device will not tetchup. lt should be 
noted that such analyses are compiex and involve considerable time in acquiring the necessary device-design 
data to perform the analysis. 

4.5.2.3 Syste• solutions. Finally, latchup can be handled effectively at the system level by o variety 
of methods. These methods are not the subject of this document, and thus are not discussed in detail here. 
HCNever, some of the more effective techniques are: 

a. Power management, wtiereby the power to the device is 11011entarily interrupted, thus interrupting 
Letchup. 

b. Current end voltage limiting, where the applied bias end the allowable current are held well below 
those required for latchup. 

4.5.2.4 Piece pert solutions. The best solution to the latchup problem is to use devices which are not 
l3tchup suac~ptible ~'hsnever possible. Thr~e means cf evciding latchup et the device level ere: 

a. Dielectric isolation, where no more than two active junctions are allowed within an isolated 
region, silicon on sapphire or silicon on insulator substrates. 

b. Process controls to prevent latchup, which reduce the parasitic gains of the four-layer paths to 
extremely low values. These controls may involve gold doping, neutron radiation, epitaxial layers 
on highly doped substrates. 

c. Analysis ~hich demonstrates that any four-layer paths that may exist cannot latch because of bias 
or circuit conditions. 

4.6 Lot acceptance testing. Hardness assurance acceptance tests are performed on devices during the 
production phase of a program. These tests·ere usually performed on samples from procurement lots of 
devices in order to assure that the devices proeured. during production have the same radiation perforlllance 
as indicated in the characterization tests. Acceptance testing will be discussed in 5 herein. 
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5. HARDNESS ASSURANCE 

5.1 Hardness assurance. Hardness assurance CHA) is the epplication of methods and procedures during the 
production phase of a system to ensure that the syste■ retains the radiation hardness which it was designed 
to have. Although the principal application of hardness assurance is in the production phase, it is 
necessary to consider HA during the design phases of a program if a cost-effective system is to be obtained. 
Hardness assurance begins in the design phase with definition of the system requirements, radiation 
characterization of the piece-parts, calculation of the required design margins and the cate.-gorization of 
semiconductor parts. 

5.1.1 Design margin. The design margin epproach for part categorization is used to determine if hardness 
assurance lot acceptance testing is r~uired for a particular part type. The two methods used for this 
categorization are the design cnargin break point (OKBP) method end tM part categorizetion ~riterie (PCt) 
■ethod. Both ■eihodt require pari cntiraeterizatiOn data iD determine the design iiargins. 

5.1.2 Design tDZ!lrgin break point. OKBP is generally used for systems with a>derete requirements, and in 
cases where dose-rate responses of the devices are well understood, or at least are bounded. In this case, 
the calculated design mirgin for each piece-part is compered to specified breakpaint, and based on this 
coaparison, the part category is chosen. 

5.1.3 pert categorization criteria. PCC applies in ell cases where the statistical distribution of 
failure is known, end is generally used in systems with severe require■ents on pert survivability. 
sometimes a combination of the t\10 ■ethods can be used; that is, DMBP is used to categorize less sensitive 
parts, and the PCC value is used for the more sensitive parts. 

5.1.4 Unacceptable perts. In any application of these hardness assurance methods, e value must be 
specified which will be used to separate unacceptable and HCC-1 parts. The value must be based on several 
considerations, such es number of parts rejected, pert availability and cost. lable Ill illustrates this 
using a value of 2. 

5.1.5 D"BP method. The DHSP method is often specified for systeris with moderate requirements with 
respect to the device response levels. The DNSP values are sometimes based on statistical baseline, but are 
more often based on good engineering judgement, threat specification levels and system considerations. The 
first DHBP value is the break point between HCC-1N, where acceptance tests ere required on each lot, and 
HCC-2, where tests ere not required on each lot. D"BP provides a qualitative l~vel-of-survivel probability 
end confidence level, based on past generic response end engineering judgement. Table Ill ahows the 
reletionship between the break point values. The second DNBP value i$ the breakpoint between HCC-2 and HNC. 

TABLE 111. Relationship between dosl!-rate DH and D"BP value. 

Dose rate DH ,U _:s_~D~H_____ :S DHBP (1) Value =<__~DH~-- < DNSP (2) Value 

Part is HCC-111 part; HCC-2 part; 
unacceptable lot acceptance lot acceptance 

testing is testing is not 
required required l 

~------------------------------1 

5.1.6 PCC aethod. The PCC method (see 6.1.1 and 6.1.2 herein) is generally required for systems in which 
stringent requirements ere placed on part types. When PCC is used, it is necessary to calculate the PCC 
values based on the characterization date. lhe PCC data are used primarily to differentiate between HCC-1 
end HCC-2. A second PCC could be calculated using a auller alloved failure probability (ore breakpoint 
could be chosen) to separate HCC-2 parts from HNC parts. Table IV shows this relationship. When the part 
is judged unacceptable, the corrective action indicated in 5.1.3 should be considered. 
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TABLE IV. Relationship bet~een dose-rate ON and PCC value. 

~ PCC (1) Value S OH S PCC (2)Dose rate ON ~ ~"'~"D""------ Value~ 

Part is HCC-lM part; HCC-2 part; 
HNCunacceptable lot acceptance lot acceptance 

testing is testing is not 
required required 

5.1.6.1 PCC calculations. Before the aethod used for determining the PCC value is presented, a 
discussion of the factors used in the calculations is in order. The discussion will include the variability 
of the dose-rate failure values obtained during characterization, a confidence factor and the require-d 
survival probability. 

5.1.6.2 Variability. The variability of the data is represented by the standard deviation, s, and is 
calculated using they values described in 4.2.4. Because the log-normal distribution is assumed, 
s (y· l, which is t~t1Lstandard deviation of the logarithm of the y· values, is calculated as foll°"'s. 

ta ,uL FAIL 

1 

n-1 

thwhere • is the dose rate resulting in failure for the i device, and n is the sample size. 
YFAIL 

5.1.6.3 The level of confidence and survival probability. The level of confidence end the survival 
probability are introduced into the calculations by multiplying s <i' ) by the one-sided tolerance li ■ it 

factor KrL' which is selected fro■ a table of one-sided tolerance 1 ri ■ i~A\ictors (see appendix C). This 
factor is a function of sample size n, survival probability PDIST and confidence level C. For example, 90 
percent confidence in 99 percent probability of survival ■eans that if the characterization test were 
repeated many times on different saaples from a lot, 90 percent of the ti ■e 99 percent of the . values 
would be equal to or greater than the ■ean less Ki-L times the standard deviations, or YrAIL 

for a log noraally distributed variable. The PCC value is calculated fro■ the 

5.1.6.4 Increasing PDlST end C, and consequently KTL" Increasing PDIST and C, end consequently KTL' 

increases the PCC value and the cost of the hardness assurance prograa, since increasing the value of PCC 
increases the nuQlber of part applications that will be categorized as HCC-lM, requiring expensive lot 
acceptance testing. Increasing the semple size n generally will increase the cost of the characterization 
test. However, this added cost IIBY be 110re than offset during the HA phase of the program, since 
increasing the value of n results in a lower value of KTL and hence a lower PCC. This in turn MY reduce 
the nu■ber of part types requiring lot acceptance testing. As can be seen, the values of P0151, C and n 
selected ere a tradeoff between the level-of-herdness assurance desired and the a110Unt of funchng available 
for the HA progra ■. The values of PDIST' C and n Should be approved by the SPO when the PCC method is used. 

5.1.6.5 Part type HCC-2. A part type classified es HCC-2 does not require routine lot acceptance 
testing. However, when the dose-rate ■argin approaches the PCC value, a sample test should be conducted 
periodically during parts procurement. It should be noted that a value of 10 is often used es the 
breakpaint value for HCC-2 when using the DMBP method. 

5.1.6.6 Dose-rate upset testing. Nondestructive tests such as dose-rate upset testing may be perfor ■ed 
on a 100 percent screening basis for parts which have been categorized as HCC-1. Table Vindicates the 
possible test action which may be required. 
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TABLE V. Possible testing requirements. 

HCC-1 HCC-2 

Upset 100% screen Periodic lot screen 
Burnout Sample test Occasional sample test 
LatchuD 100X screen Not r"'"uired 

5.1.7 Use of the PCC method. If a system has stringent requirements, or if the parts used in the system 
have failure levels close to the specification level, then a separate decision must be made about the risk 
to be taken for each pert type used. S011etimes, only a few pert types are mission critical, end cannot be 
allowed to fail. Often, certain ■enories used in the system may not be allowed to upset or to lose data 
through the radiation event. For these parts, en estimate of the survival probability and the confidence in 
survival are essential for design hardening. 

5.1.7.1 The reason for using the PCC method. The reason for the use of the PCC ■ethod is that the 
calculated design marain is usually lowered froa the value used in the DHBP method1 since the margin is 
based on the actual device perfor~nce, and not one worst-case estiaate of the performance of a number of 
device types. 

5.1.7.2 An eXBIIIJ?le. Let us assume that the meRJOry used on figure 2 is used in a system in a moderate 
environment. Let us further assume that the requirements for the part are described in table VI. 

a. The first quantity required for the calculation is the dose-rate design margin. This is determined 
from the data of table 11 and the upset level specification. 

b. The mean failure level is given in section 4.2.5 as yv = exp bl ('Y) • 

c. Fro■ the data in table 2, "'1F = exp (16.14) = 1.02E7. 

d. With a the specified threat level of SE6, the dose-rate design .margin is 

DHy = 1.02E7/5E6 = 2.05. 

e. The part categorization criterion, PCC, is obtained from 5.1.2. The one-sided tolerance factor, 
KTL' is obtained from appendix c; for the appropriate sample size (N = 10), the survival 
probability (P = 0.9999), and the confidence level (C ~ 0.9). Caution must be exercised when 
extrapolating data to extremely high probability levels. 

PCC = exp KTL 51n<YFAtL> 

PCC = exp (5.538'<0.15) = 2.3. 

f. Since the PCC value is larger than the OM, the part is categorized es HCC-1" and lot acceptance 
tests must be performed. 

TABLE YI. Requirements at pert location. 

Specified threat level 5 E6 rads(Si )/s 
Required-survival probability 0.9999 

n nRequired eoofide11ee level u., 

5.2 Hardness assurance requirements. The various techniques which can be used for hardness assurance 
have now been discussed. This section will provide some guidance on how to apply some of these techniques 
to various systeias. 
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5.2.1 Upset hardness assurance. Either the Dl'1BP or the PCC ■ethod could be used for hardness assurance 
decisions, depending on the required probability of survival and the device technology used. Upset testing 
may often Leed to an adequate statistical deter■ ination of thresholds for failure. One, therefore, ha3 the 
option to use a number of different hardness assurance techniques in the application of the PCC end DHBP 
methods. One can select from: .. Device selection. 

b. Des.ign modification. 

c. 100 percent screen. 

d. Sa11ple testing. 

e. System solution. 

5.2.1.1 100 percent screening. For systems requiring high confidence of survival, a 100 percent screen 
may be used to assure the upset survivability of the device with greater confidence. A 100 percent screen 
can be an effective technique for integrated circuits at s1118ll-to-■ediu ■ levels of integration. For higher 
levels of integration, a statistical approach aay be used, since the number of state vectors required to be 
tested may preclude a 100 percent screen. The cost of a 100 percent screen can be large, and one aust aake 
a tradeoff between the cost of testing each device and the required survivability of the system. 

5.2.1.2 Sample testing. For systems with DOderate requirements, the DMBP technique may be the most 
cost-effective method of achieving the desired confidence in survival. For cases where the design margin is 
small, the PCC method may be used to determine if lot acceptance tests 118Y be required. 

5.2.1.3 System solution. In most cases, a systea-level solution for upset can be used. The circuits can 
be designed to be upset tolerant, and would be reset after the pulse of radiation. Devices less sensitive 
to radiation can be substituted for radiation "soft" devices. In the final analysis, a combination of 
techniques provides the best solution to the upset hardness assurance proble■. 

5.2.2 Latchup hardness assurance. Since'latchup IIBY have a low probability of occurrence, hardness 
assurance for latchup presents a unique problem. There are very few cases where sufficient statistical data 
exists to apply the PCC hardness assurance aethod. In aoderate environ■ents, where the dose rate 
environment is signifiCllntly lower than the expected latchup thresholds of the devices, the D"BP ■ ethod ■ay 
be used. In any case, alternate hardness assurance techniques nust be used. The only techniques available 
to be used ere the following: 

e. Device selection. 

b. 100 percent screen. 

c. System solution. 

5.2.2.1 Hardness assurance for latchup. Hardness assurance for latchup is best solved by part 
substitution or by a systeM-level solution. Part substitution implies that parts which are not latchup 
susceptible are substituted for parts which are latchup prone. There are a number of ways by which 
latchup-free devices are found. so■ e of these ways are discussed below. 

5.2.2.1.1 Device construction. The use of special processing aethods, such as dielectric isolation, 
buried layers, gold doping, etc., are techniques which are used to prevent letchup. These techniques either 
eliminate four-layer paths or assure that the parasitic gains of the devices are too saall to sustain 
latchup. 

5.2.2.1.2 Latchup screens. The use of latchup screens atteapts to find devices which latch by using a 
nondestructive radiation screening test. Devices which latch are eli ■ inated fro■ use in the syste■. There 
are several significant problems with the use of latchup screens; these will be discussed later. 
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5.2.2.1.J Latchup analysis. Latchup analysis is an attempt to find letchup-prone devices through the 
onalysis of the layout and processing rules used in the device manufacture. It is usually assumed that 
devices that have four-layer peths will not latch if the current source supplying the peth·is insufficient 
to support latchup. Since the four-layer paths are perasitic, one must perform a careful analysis to ensure 
that the biases and current sources that are present in the nonradiation environment are in fact the correct 
current end bias sources that are supplying the path during the dose-rate irradiation. 

5.2.2.2 Cautions - latchup. There are a number of precautions which need to be considered when deciding 
on latchup hardness assu~ance techniques. Some of these precautions ere discussed below. 

5.2.2.2.1 Letchup screens. Nost letchup tests ere performed using a Linac or a flesh x-ray facility. 
These tests ere usually 11ade at a fixed dose, approxi111ately 500 reds(Si), in some specified test 
configuration. There are e number of problem with this kind of test procedure. 

e. The first uncertainty is the design of the test configuration. lt is necessary to determine the 
worst-case conditions for the test, and to bias the device properly for the test. The letchup 
analysis procedure is the preferred way to arrive at these worst-case conditiona. An arbitrary 
choice of biases end test configuration can only lead to uncertainty in the test results. 

b. LSl circuits pose a lbOre complex problem. The problem of proper selection of test vectors for the 
latchup screen is extre■ely complex. It can be made on the basis of internal rail-span collapse 
analysis, internal node fan-out and functionality. These circuits may contain DOre output states 
than can be practically monitored, and an evaluation of the application of the device in the system 
in which it is used is one way that the test vectors 11ay be determined. This, of course, Leads to 
uncertainties in the results of the screening procedure. In these cases, it is often better to 
power strobe or power interrupt upon detection of a radiation pulse. 

c. Finally, it is well recognized that letchup in integrated circuits is temperature dependent. This 
is because the condition of latchup depends on the magnitude of the gain of parasitic transistors 
in the integrated circuit, these gains increase with temperature dependent, and may vary by factors 
of three to four over the operating temperature range. A device which does not latch in a room 
teDipereture test may latch in a test at the 111aximum operating temperature. Therefore, the screen 
,;ust be pe-rformed at the maximum device operating temperature in order to be valid. 

5.2.2.2.2 Latchup windows. The difficulties of letchup screening ere exacerbated by the existence of 
latchup windows SOllle technology types. Thus, prior to screening a careful characterization must be 
accomplished to identify this pheno■encn, if it exists. 

5.2.2.2.2.1 Letchup window phenomenon. The latchup window phenomenon has been seen in CP\OS devices. In 
particular, the CD4047, C04061 and the CD4094 have been observed to have letchup windows. However this has 
not been shown to be a widespread issue. There is no reason to believe that the latchup window problem is 
limited to CNOS deYices. 

5.2.2.2.3 Latchup analysis. Latchup analysis is a useful tool in the identification of latchup in 
devices. The latchup analysis procedure details the requirements and methods to perform the analysis to 
achieve reasonable confidence in the result. However, the application of the technique requires detailed 
knowledge of the design rules for the device, end the acquisition of layout informetion for the device 
processing. This information is difficult to get. 

5.2.2.2.3.1 Objectives of letchup bnelysis. The objective of the letchup el"ldlysis procedure is to 
identify all four layer paths in the device end to make a judge■ent about whether or not the paths will 
latch. Obviously, if no paths exist, the device is latchup free. However, if paths ere found in the 
device, the procedure seeks to deter■ ine the susceptibility of the paths. 

5.2.2.2.4 SUggested procedure. A reasonable procedure to follow for latchup hardness assurance is 
described below for devices. 

a. The process begins with device selection. The devices ere subjected to a analysis to determine 
whether or not four layer paths exist. If no paths e~ist, e high-confidence, letchup-free design 
can be assured. 
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b. Should four layer paths exist, two options are available. The part may be replaced and the process 
repeated, or the circuit design 11ey be altered. Should the analysis again determine that a four 
layer path exists that is properly biased for latchup, tw options are possible.· The parts aay be 
screened to test for latchup occurrence using test conditions dctcrained frOIII the ena\ysis. This 
procedure aay result in IIOderate confidence in a latchup-free system. Alternately, e system 
solution, such as circumvention, RIBY be used to obtain a high confidence, latchup-free design. 
Hawever, power must be removed quickly, within a few tens of microseconds, to prevent burnout in 
devices. 

c. Should a four-layer path exist, and should the latchup analysis demonstrate that the path is not 
biased correctly for latchup to occur, one can terminate the process with low to IIOderate 
confidence that the syste■ is latchup free. However, the analysis should include the effects of 
radiation and electrical transients to ensure that the latchup structure cannot be activated during 
such events. This approe.ch IIBY be feasible and cost effective for the kinds of systems where 
latchup ■ay be tolerated and operation aanually restored. 

d. Alternately, one ■ay improve the syste■ through the use of latchup screens end system solutions or 
both. This flow is diagrammed on figure 3. 

5.2.3 Burnout hardness assurance. Burnout in the dose rate environ ■ent may take on more than one form. 
The ■ost common failure is junction burnout, occurring as a result of the dose rate radiation. Another 
burnout mechanism can be the failure of the metallization. Hardness assurance techniques for controlling 
these effects ere considered, at present, to be only tentative and unproven. The matter of burnout in the 
dose rate environment is still the subject of research, and a complete characterization of the mechanisms is 
not yet available. 

5.2.3.1 Hethod of choice. The AIOSt reasonable choice of a hardness assurance method is the DMBP method. 
However, the calculation of a design margin break point is complicated by the fact that all burnout 
conditions are not fully understood. As a result the hardness assurance techniques available are the 
following: 

a. Device selection. 

b. Current limiting. 

e. System solutions. 

5.2.3.1.1 Application of the techniques. These techniques are used to achieve a design margin which is 
sufficiently large to assure survivability. Since uncertainty exists in the ectual burnout thresho\d of 
devices, a great deal of judge~ent 111.1st be used in the application of the techniques. 

5.2.3.1.1.1 Device selection. The use of devices which have higher burnout thresholds is a useful 
hardness assurance technique. Hot.lever, since little data are available on burnout in the dose rate 
environ ■ent, pulsed power data are often used to compare the relative hardness of devices. Pulsed power 
data may provide a ■eeningful Measure of relative hardness for discrete devices end S118ll scale integrated 
circuits. However, larger scale integrated circuits may have internal failure modes in the dose rate 
environ■ent which may not be measured by pulsed power techniques. 

5.2.3.1.1.2 Current limiting. The most effective hardness assurance technique for burnout hardness is 
the technique of current li ■ iting. The pu~pose of current li ■ iting is to prevent any current sufficiently 
large to Clluse burnout froa flowing into the terminals of the devices. Power supplies, capacitors and 
input/output terminals are protected with current li ■ iting resistors. A rule which is often used is to 
provide approximately one ohm of resistance per volt to provide current li ■ iting for all lines connected to 
an energy source. Input and output leads can be protected to levels to prevent pulsed power burnout at 
those teriiinale.. Current limiting r-esistora added for turnout prot~ttion ~r~ tl~H;.sifiW HCC=1H. However, 
one understandable consequence of current li ■ iting is to lower the device upset level since the voltage 
provided to the device is reduced by the surge I pp. 

5.2.3.2 Burnout hardness assurance - cautions. The question of hardness assurance for burnout in the 
dose rate environment is an extremely difficult issue. The principle difficulty is the fact that very 
little burnout data exists for devices in the dose rate environment. In fact, available burnout data for 
devices is often perfor ■ed using pulsed power techniques, end comp8risons are ■ade on the besis of that 
date. 
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FIGURE 3. Latchup flow diagram. 
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5.2.3.2.1 Unansvered questions. Unfortunately, the vast 11ejority of the existing data addresses discrete 
devices. A further complicating factor is that several significant unanswered questions have arisen 
concerning the existing data. Soae of these questions which cause concern ere listed below. 

a. Some devices do not conform to ideali~ed models for device burnout response. 

b. The distributions of burnout response do not alvays confor ■ to expected statistical response. 

c. The burnout response of integrated circuits in dose rate environment may be different than the 
response predicted on the basis of discrete device pulsed power data. 

d. The criterion for burnout may differ betveen devices. No standard test ■ethods exist. 

e. Synergistic effects affecting burnout are not completely understood. 

5.2.3.2.2 Uncertainties. As a result of these uncertainties, burnout hardness assurance has not been 
well developed. System hardening techniques will need to be used until many of the unanswered questions 
have been resolved. So■ e of these uncertainties are discussed in the following sections in order to provide 
an understanding of the m.agnitude of the proble■. 

5.2.3.2.2.1 Idealized burnout IIOdels. In aany instances, the catastrophic effects of current or power 
stresses on devices are the significant failure IIOde for the syste■. However, the methods used to analyze 
and obtain design data for the systems do not lead to a great deal of confidence in the analysis. 

5.2.3.2.2.1.1 Contributing factors. The paver required to burn out a semiconductor junction depends on a 
variety of factors. Some of these factors ere the physical geometry of the device, the impurity profile, 
the bulk and contact resistance of the device, the polarity and intensity of the applied stress, and a 
variety of other factors. The point is that although e large number of factors which contribute to the 
failure of a device have been identified, the burnout problem in devices is not yet completely understood. 

5.2.3.2.2.1.2 Unanswered auestions. Much work has been done to further our understanding of the 
phenomenon. So■ e of the mst important unanswered questions are: 

a. What are the proper test ■ethods for determining failure thresholds and minimizing the scatter in 
the date? 

b. What is the proper statistical distribution which describes the variation of burnout date with 
stress? 

c. Are there any ■easurable, nondestructive, screening para ■eters which can indicate a device vith a 
low failure threshold? 

5.2.3.2.2.1.3 Analysis. One of the uost COiiimDn burnou~ 110C1els used ln analysis is the Wunseh-Bett power 
incxtel (see 6.1.7 herein). This IIIOdel is an engineering epproxilll8tion to the physics of the idealized pulsed 
power burnout phenomenon as it is presently understood. 

5.2.3.2.2.1.4 Initial design. Initial design of circuitry is usually based on burnout threshold data 
previously acquired, or new test data obtained specifically for the progra ■. Typically, a sample of devices 
is tested to provide characterization date where they do not already exist. The tests ere usually perfcr ■ed 
on electrically equivalent unscreened parts. 

5.2.3.2.2.1.5 Failure threshold. The failure threshold is usually determined by step-stressing the 
device using single electrical pulses of increasing power, but of fixed pulsewidth. The device is 
characterized after each pulse to detect any damage. 

5.2.3.2.2.1.6 Power level. The power level increase betveen pulses becomes e critical fector in the 
tests. A factor of two increase between pulses is not unusual. Therefore, the uncertainty in the threshold 
cay be as a1ch es 3 dB, simply due to test techniques. The time to burnout may be somewhat less than the 
pulsewidth of the driving pulser. 
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5.2.3.2.2.1.7 Time regimes. For time regifflcs between tens of nanoseconds and 72tew microseconds, it is1noted that the power required to burn out a junction in reverse breakdO\JTl is K/t , directly from the 
~unsch-Bell equation. This power is absorbed in the junction and bulk resistance giving a current of 

2 1/2 1/2
where IrH = -Veo +-<Veo +-4Re Kit ) 

Re is the device bulk res;stance. 

is the junction breakdown voltage.v80 

K is the Wunsch-Bell damage constant. 

tis the rectangular pulse~idth. 

neasured values of Kare recoaaencfed to be used. However, when quality data are not available, the values 
of Kare usually derated according to sOflle derating scheae. One such scheme is shown in table Vll. 

TABLE VII. Derating factors for Wunsch-Bell da111ege constants. 

Source Derati ..... 

Reliable, wett-docU11ented data 1/3 
Similar part test data 1/10 
Calculated data 1/50 

For parts which are characterized for the system in which they are to be used, another modification of the 
Wunsch-Bell equation is often aade. The test data are least-squares fit to the equation: 

8P - At , 

where Pis the power, tis the pulse duration and A and Bare constants found by the least-squares fit. 
Then this curve is used to find the fBilure threshold et the expected pulsew:idth. Once the dereted current 
is found and the damage threshold is deter ■ ined, then the circuit currents are limited to yield a desired 
design margin. 

S.2.3.2.2.1.8 Basic assumptions. All of the approaches presently used 11&ke certain basic assumptions 
end use similar extrapolation methods. For example, the Wunsch-Bell engineering model is commonly used. It 
is often necesery to extrapolate the burnout data to pulsewidths of interest, and the simple power Lew 
seems to be a convenient way to perform this extrapolation. 

5.2.3.2.2.1.9 Analysis techniques. There are a number of areas which must be discussed in assessing 
these analysis techniques: 

a. Statistics of the burnout threshold. 

b. Extrapolation using the Wunsch~Bell power law. 

c. Combined environaental effects. 

5.2.3.2.2.2 Statistical analysis. eurnout testing of devices has yielded very little in the way of 
infar..tian an the statistical distributions describing bUrnaut data. lf the statistical distribution is 
known, derating part data for the statittical uncertainties resulting fro■ saall Hmple data is a 
straightforward application of confidence bounds. The techniques outlined previously using one-sided 
tolerance limits can be modified to whatever distribution is used. On the other hand, without knowledge of 
the statistical distributions, any derating sche~e is subject to question. 

5.2.3.2.2.2.1 Statistical distribution. A number of authors have attempted to study and describe the 
statistical diatribution of burnout data. Typical of these efforts are the works of Egelkrout and Alexander 
et al. 
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5.2.3.2.2.2.2 Egelkrouts study. The most commonly used distributions are the normal and log-normil 
distributions. Egelkr0t1t set out to exa■ ine the lot-to-lot variability of burnout data, and attempt~ to 
show that existing data analysis methods and the statistics used result in inadequate desi~n 111argins (see 
6.1.6 herein). He also tested several trial distributions against existing data to determine the proper 
statistical distribution. He postulated that burnout data MY follow a Ueibull distribution rather than the 
usual log-normal. Egelkrout does, in fact, show that the statistical problem is not yet solved. Perhaps 
rore careful test procedures and use of confidence ti ■its in the statistical extrapolation nay result in a 
more realistic estimate of useful margins. 

5.2.3.2.2.2.3 Alexanders study. Alexander, ct al., attempted to develop failure threshold information by 
testing large numbers of transistors (see 6.1.19 herein). A nuaber of transistor topologies were used in 
the experiment to provide the variety of shapes and sizes commonly used in aeronautical systems. A nuaber 
of common statistical distributions were tested to determine Which distr;bution would be most useful for 
failure threshold analysis. They found that no single distribution was universally applicable to their 
data. 

5.2.3.2.2.2.4 Conclusion. The point to be drawn fro■ this is that the use of any statistical procedure 
based on the failure threshold for devices leads to some degree of uncertainty. Mithout an adequate 
statistical description, the extrapolation fr011 sample data cannot be aade with confidence. Kost often, 
what is done is that a particular distribution is judged to be acceptable fro■ an engineering point of view 
and is used on that basis. 

5.2.3.2.2.2.5 Burnout threshold variability. It may be useful to examine the burnout threshold 
variability from a nonparametric perspective. The designer may wish to know the number of standard 
deviations from the ■can which are required to bound the failure threshold. If the failure threshold can be 
bounded to within an acceptably sell li ■it, then a suitable design margin can be chosen. 

5.2.3.2.2.3 Pulsewidth dependence. Burnout data are most Qften measured using one or two stressing 
pulsewidths. Should the pulsewidth of intere~t not be the sa•e as the measurement stress, the data will 
have to be extrapolated, or interpolated in order to provide failure thresholds at the required pulsewidth. 

5.2.3.2.2.3.1 Jdealized power laws. Extrapolation using the idealized power Laws can Lead to errors 
since the idealized power Laws apply only to limited time regimes or pulse widths. Extrapolation to 
pulsewidth oots;de of the region of applicability can lead to very significant errors. In addition, the 
uncertainty of the date on which the extrapoletion is 11211de COfltributes to the error. 

5.2.3.2.2.4 Combined environments. There is s011e concern about the combined effect of nuclear 
environaents, particularly in the area of burnout. There may be a combined effect should the dose-rate 
effect occur si11Ulteneously with the incidence of an electrical overstress. This problem hes been studied 
by so■e researchers, with varying degrees of success. These studies indicates that current li ■ iting of 
devices serves to effectively control co■bined effects for 110st digital and analog devices. High paver 
devices, where current limiting is difficult, may be subject to combined effects, end testing in the 
dose-rete end pulsed power combined environment my be required. 

5.3 Lot acceptance testing. During the production phase of e program, it is assumed that the parts which 
are to be used have be~n characterized and categorized during the design phase. The 110st cost-effective 
epproaeh to piece-part hardness assurance is to deter ■ ine the part requirements during the design phase, and 
then to use the same rtquire■ents for all future hardness assurance part procurement activity. Therefore, 
the herdness assurance design docu ■entation CHADD) must inclUde all the inforaation needed to i11ple■ent 
hardness assurance procedures. 

5.3.1 HCC-1K parts. As previously indicated, parts which are categorized as HCC-1K require lot 
ecceptence testing before use in the system. For dose-rate effects, the hardness assurance lot acceptance 
tests aay take e number of fore. They aay be 100 percent tests of the lot (screens), or they aay be saaple 
tests. The 100 percent screens may apply only to so■e upset end latchup tests, and will be discussed later. 
Alternately, some tests for upset and ao~t burnout tests zay be degrading bec.ause of the high current flows, 
and therefore aist depend on sample tests. 
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5.3.1.1 Lot tolerance percent defective (LTPD). Two general methods mey be used for lot acceptance tests. 
The first is called an att~ibute sampling test method or, more commonly, o lot tolerance percent defective 
(LTPD) test. This method specifies hov many devices out of e given sample size can f~il under a glven test 
condition, and still meet en acceptance criterion (see appendix C). The LTPD ~ethod is widely used for 
quality assurance. It is simple to use, but requires inordinately large sample sizes when low failure 
probabilities with a high level of confidence are needed. For example, to allow prediction of a failure 
probability of 1 in 10- at 90 percent confidence, about 2,CXJ0 sample perts would have to be tested with no 
failures. Alternatively it may be possible to obtain high survival probabilities with a small &ample size 
by performing en LTPD test et several times the specification dose rate; th~ extrapolation to higher 
survival probabilities at the specification fluence can be done using e knowledge of the probability 
distribution. 

5.3.1.2 Variables sampling test method. The second method, celled e variables ssmpling te$t method, 
determines the statistic.el behavior of e variable (e.g., dose-rate upset threshold) under test conditions. 
This method hes the edventege of being able to predict 8 low failure probability, with high confidence, on 
the basis of a relatively small sample size. It has the disadvantage that it requires essuaptions about the 
probability distribution of the variable involved. Such assumptions are usually reasonable, however, and 
the advantage of being able to use sample sizes which are easily attainable far outweighs any disadvantages. 

S.3.2 Upset testing. Upset testing is identified as a nondestructive test method, and therefore can 
sometimes be i11p0sed as a 100 percent screen on devices used in a system. HoMever, a 100 percent screen is 
not elh'llys the solution to assuring hardness. "oreover, there is so■e controversy concerning the effects of 
dose-rate screening with the generation of latent defects due to the large current surges which result from 
this testing. Thus, while dose-rate screens may be used, a full characterization of the device type is 
recommended prior to 100 percent screening. 

5.3.2.1 Test issues. There are several factors to consider when upset tests are performed. For example, 
if the device is a combinational logic device, the device may spontaneously recover from upset within some 
recovery time. One therefore may be concerned with either the upset level or the recovery time for the 
device, depending upon whether or not the circuit in which it is used is designed to be upset tolerant. 
Should the device be a sequential logic device, the state may be restored only through reinitialization 
after the radiation pulse. In this case, the upset level may be the parameter of importance. On the other 
hand, recovery ti ■e raay be the parameter of interest, particularly for linear devices because they often 
saturate when exposed to the dose-rate environment. 

5.3.2.2 Number of pulses. In all eases, the number of pulses required to determine the up1et level 
contributes to the total dose exposure of the device. The total dose exposure may be particularly iaportant 
for NSI or lSl devices where large numbers of state vectors may need to be tested. These cases may again 
force the use of sample tests. 

5.3.2.3 Nondestructive tests - screens. The radiation characterization tests and the required circuit 
upset tolerance will determine the survivability level required for devices. For Less comple~ devices, a 
100 percent test of the devices at the required level maybe sufficient to qualify the part. The total dose 
accumulation and the overstress of the devices subjected to the 100 percent screen are factor, which ~ill 
need to be considered when deciding on screening tests for the devices. 

5.3.2.4 Destructive tests - acceptance tests. In some cases, the devices may be damaged in determining 
either the upset threshold or the survivability level. In these cases the tests must be performed on 
samples end the appropriate procedures used tor lot acceptance. 4n aii..tp•at",,. uimpl .. ~h•, r:nn~ic:.t".n1' uit-h JI 

desired confidence and survival probability, aust be chosen (see NIL-HDBK 816 end appendix B herein). 

5.3.3 Burnout tests. Acquiring data to assess the burnout susceptibility of devices in the dose-rate 
environaent presents a unique problem. Burnout characterization tests are only soaretimes performed in the 
dose-rate environaent. The burnout or damge levels whereby devices are compared ere usually deter ■ ined by 
pulse po.,er testing of the device to failure. Therefore, burnout tests are always &alllple tests and 
stati~ticel inference eust be llade. 

5.3.3.1 Pulsed power tests. Most burnout tests are performed by applying en electrical overstress to the 
device, and measuring the stress to failure for a given pulse duration. There are obvious problems 
associated' with this method of aressureaent. Some of these are: (a) the pulse duration; (b) failure 
statistics; end (c) correlation with dose-rate-induced burnout mechanisms. 

https://r:nn~ic:.t".n1
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5.3.3.1.1 Pulse power duration. The pulse power tests are usually performed at some pulse duration 
eo11parable to the expected duration of the dose-rate-induced photocurrent. The power to failure is usually 
assu ■ed to follow the Munsch-Bell power law, for tiae regi.-es between approximately 100 ns to a few 
~icroseconds, 

wn1cn allows the extrapolation of the failure power (Pf) to times coapornbie to the phoiocurrcni pulse 
duration. 

S.3.3.1.2 Statistical analysis. Statistical analysis is usually perforrted using log-noraal statistics on 
the stress to failure and acceptable design margins are applied. The choice of log-normal statistics is a 
convenient choice, providing a consistent approach. HO\ilever, it is not certain thllt the log-normal 
statistics are the correct ones to use. 

5.3.3.1.3 Log-normal statistics. The use of the log-noraal statistics allows the application PCC method 
~ith its aathematical foraalis ■. Another approach \Jhich is sometimes used is to determine the failure 
threshold for devices by data analysis and to apply e derating factor based on engineering judgement. In 
this way, a DMBP value ■ay be chosen, and the DMBP method applied. 

5.3.4 Latchuo tests. Latchup can bee Low probability failure aode, and therefore is impractical to 
approach using sample statistics. The usual hardness assurance test applied to latchup prone devices is a 
latchup screen. The screen is applied to 100 percent of the devices, and ell devices which latch are 
rejected from use in the system. 

5.3.4.1 Problems. There are significant proble■s with the use of a latchup screen. Possible 
uncertainties in the screening tests suggest that systeq-level solutions should be used if latchup-prone 
devices cannot be eliminated from the design. The uncertainties and cautions to be observed are discussed 
in 5.2.2.1. 
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APPENDIX A 

DOSE-RATE EFFECTS 

10. SCOPE 

10.1 Scope. This appendix covers the effects of photocurrents on semiconductor devices. This appendix 
is a mandatory part of the handbook. The information contained herein is intended for guidance only. 

10.2 Device ohotoresponse. The principal dose-rate effect in semiconductor junctions is the generation 
of photoeurrents. The photocurrents arise in devices vhen high-energy particles such as ga!IIIB rays, x-rays 
or electrons are absorbed and create excess electron-hole pairs in the aaterial of the device. The 
collection of these excess carriers by the device junction results in current flow in the device. 

10.2.1 Device photoresponse. The theory of junction photocurrents is well understood, and can be 
calculated for most norMl ionization sources and siaple device geometries. For an incident dose-rate 
pulse, the transient photocurrent collected by a PN junction is approximately: 

Ip =qgAyW[Lperf(~J112 +t.,,erfC~J1/ 2 J 
-cp -en 

where 
q is the electron change 
A is the junction area, 
w is the width of the junction depletion region, 
Ln is the ■ inority carrier diffusion length of electrons in p material, 
LP is the minority carrier diffusion length of holes inn material, 
p is the corresponding ainority carrier lifetime; and 
g is the carrier generation rate. 

g = 4.2 x 1013 hole-electron pairs/cm3-rad(Si) 

where Yis the radiation dose-rate in rads(Si)/s. A similar decay occurs at the termination of the 
radiation pulse. 

10.2.2 Long pulse. For a radiation pulse which is long with respect to the ■ inority carrier lifetime, 
the photoc~rrent reaches a steady-state value of: 

Ip = q Ag CW +lp +L,,l y = q Ag Leff Y 
where L ff is the effective minority carrier collection length around the PN junction. Leff is the su■ of 
the depfetion layer width and the diffusion lengths on each side of the junction. 

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

30. DOSE-RATE FAILURE 

30.1 Dose-rate failure. The photocurrent dose-rate transient failure threshold for an integrated circuit 
is noraally defined as the radiation level required to produce an output voltage which is sufficiently large 
to cause a change of state in subsequent logic stages or a change of state of stored data or logic state. 

40. CORRECTIVE ACTION 

40.1 Unwanted photocurrents. The photocurrent generation in devices acts as an internal current 
generator in parallel with each of the PN junctions in the device. The approach to hardening devices to 
dose-rate effects is to eli ■ inate, reduce, or to coapensate for the unwanted photocurrents. So■ e of the 
major techniques w"tileh are uaed arc~ 

a. Kini ■ ize the number of reversed biased junctions in order to reduce the photocurrent. 

b. Increase the operating current density in the device by decreasing the junction area, or by 
increasing the operating current. 

c. "iniaize the collection depth in order to reduce the collection volume. 

d. Compensate for the photocurrents which flow by adding se■ iconductor ele■ents to the circuit. 
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40.2 ninimizing junctions. lhis technique can be achieved by the use of such techniques as dielectric 
isolation and thin-film resistors in device construction. The goal is to have no more than two junctions in 
any conduction area. 

40.3 Increasing current density. This technique reduces the relative amount of photocurrent with respect 
to the device operating current. Since the photocurrent is area dependent, one method of increasing the 
current density is to reduce the device junction size. 

40.4 Minimizing collection depth. This method can be implemented by reducing the Lifetime in the 
collection region of the device by use of some lifetime killing method such as gold doping. The collection 
volume can also be reduced by the use of very thin layers on insulating substrates, such as in SOS or SOI 
technology. 

40.S Compensation. This technique places semiconductor junctions across the base emitter junction of 
devices in order to shunt the generated photocurrents away fro11 the device base region. In this way, the 
photocurrent does not cause unwanted voltage drops in the devices, and does not undergo amplification by the 
ective devices in the circuits. 

50.1 Transl.mt upset thresholds. Typical transient upset thresholds for several technologies are shown on 
figure 4. It should be noted that there may be considerable variation in the upset threshold for various 
members of a family of devices within a technology type. This is because of the strong dependance of upset 
on the quality of the power bussing and on the layout. Any one family within a technology may cover the 
entire range shown. 

50.2 Observations. Some g.meral observations can be made. TTL devices seem to have comparable upset 
thresholds regardless of the level of integration. NMOS is the 1110st sensitive technology for transient 
upset, while CMOS seems to be the second most sensitive technology. CMOS/sos, on the other hal'ld, exhibits a 
high threshold level for upset because of the reduced collection volume for photocurrents. 

50.3 Latchup thresholds. Typical latchup thresholds for these families of devices are shown on figure 5. 
Latchup is a phenomenon which is very much device dependent as well as technology dependent. The incidence 
of latchup in bulk CNOS is high, while the incidence in some familie, of TTL devices is extremely low. 
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DOSE-RATE TESTING 

10. SCOPE 

10.1 Scope. This appendix covers the various radiation sources used when performing dose-rate testing. 
This appendix is a 11andatory part of the handbook. The information contained herein is intended for 
guidance only. 

10.2 Radiation testing. The a:>st common radiation sources which are used for dose-rate testing of 
seuiconductor components are the linear accelerator (Linac) and the flash x-ray (FXR) machine. Because of 
the wide variety of components, and 111.1ch wider variety of ways that a component may be used in a circuit, a 
radiation test plan and report are required for the proper docu ■entation and perforMnce of the tests. 
Except for dosi ■etry, test details will vary fro■ one device type to another. 

10.2.1 Linacs. In general Linacs are useful for testing devices in dose-rate ranges fro■ 1 x 10
6 

to 1 x 
1011 rads(Si)/s, with variable pulsewidths. 

10.2.2 FXRs. FXR 1121chines cover the sa ■e dose-rate range. A few large machines can reach 
1012radsCSi)/s. Those that can be operated in the electron beam lll>de can go above 1013redsCSi)/s. ALL 

operate at only et a single pulsewidth. 

20. APPLICABLE DOCUMENTS 

20.1 Non-Government publications. The following documents form a part of this document to the extent 
specified herein. Unless otherwise specified, the issues of the documents which are DOD adopted are those 
listed in the issue of the DODISS cited in the solicitation. Unless otherwise specified, the issues of 
documents not listed in the DODISS are the issues of the documents cited in the solicitation. 

AIIERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM E 666 Standard Method for Calculation of Absorbed Dose from Galllll8 or X 
Radiation. 

ASTII E 668 Practice for the Application of Thereoluminescence-Oosi ■etry CTLD) 
Systems for Determining Absorbed Dose in Radiation-Hardness Testing of 
Electronic Devices. 

ASTII E 820 Standard Practice for Deter ■ ining Absolute Absorbed Dose Rates for 
Electron Bea ■ s. 

ASTM F 448 Standard "ethod for "easuring Steady-State Primary Photocurrent. 
ASTM F 526 Method of Dose Measurement for Use in Linear Accelerator Pulsed 

Radiation Effects lests. 

(Copies of these documents may be obtained from A■erican Society for Testing and Materials, 1916 Race 
Street, Philadelphia, PA 19103-1187.) 

Note: Several standard test ■ethods and standard practices have been developed for use in measuring the 
ionizing radiation environ ■ent. These documents should be consulted when radiation tests are performed. 

A nulliber of relevant test ■ethods are available in the ■ ilitary standards system. The following can be 
found in MIL-STD-883: 

Method 1020 nRadiation-lnduced Latchup Test Procedure, 11 
• 

Method 1021 "Dose Rate Threshold for Upset of Digital Microcircuits,". 

Method 1023 noose Rate Response of Linear Microcircuits,". 

30. CAUTIONS 

30.1 cautions. There are a nullber of test variables which must be considered when dose-rate tests are 
perfor ■ed. Clearly, good engineering practice must be exercised, and correct radiation test procedures aust 
be followed. So■ e of the test concerns are as folloYs. 
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30.1.1 .11.; .. ;,.n; 7 .-Hnn. Th• ...,H.,-;nn put .... t"An r ....... ,.;,. ioni~etion ~t'!'ith ton r~~ylt inn 5pYrious 
component of the measured signal. The presence of these signets can be checked by irradiation of the test 
fixture without the device being installed. The effect can be minimized by coating the OUT chip end bond 
wires with silicone or a similar material. 

30.1.2 Secondary emission. Charge emission from., or charge injection into, the test device and test 
circuit can also result in a spurious component of the measured signal. ln contrast to air ioniletion, 
secondary emission effects are generally not field dependent, end therefore it is possible to separate the 
two effects. Secondary emission can be reduced by shielding the surrounding area end irradiating the device 
only. 

30.1.3 Orientation. The effective dose to the semiconductor device can be altered by orientation. 
Severe dose gradients in a radiation field, aLgng w1~n package shielding iicif result in nonuniform, and even 
unknown doses in regions of the devices. Care must be taken in the positioning of devices in the radiation 
field. 

30.1.4 Dose enhancement. High atOC11ic number material near the active regions of the test device can 
cause an enhanceaent of the dose delivered to sensitive regions of the device when the device is irradiated 
at an FXR. The effect is energy dependent, increasing ~ith lO\iler energies. The extent of this effect must 
be considered in any FXR dose-rate testing. 

30.1.5 Noise. t1ost pulsed radietion facilities are inherent sources of r-f noise. Such noise minimizing 
techniques as single-point ground, filtered power supply lines, etc., must be used \lhen attempts are made to 
make quality data ■ easurements through the radiation pulse. 

30.1.6 Dosimetry. Accurate dose-rate ax>nitors for dose-rate testing ere not readily available. 
Generally, the total dose delivered in each pulse is measured along ~ith some type of measurement of the 
pulse shape. The dose rate is then calculated. Good dosimetry practice must be used in order to provide 
accurate dose-rate values. 

30.1.7 Te110erature. ftany dose-rate effects are temperature sens1t1ve. A notable example is latchup in 
integrated circuits. The teq:,ereture during the test should be controlled, end for latchup, aa elevated 
test temperature 111.1st be chosen. 

30.1.8 Total dose. SOae dose-rate effects, such as upset, are generally nondestructive to the device. 
Th•r•fn,.•, ..,,•• ,1,..,;,..•• -y h• e.rr••~M nn • 1M p•,.r•nt- Me;e t-n rf•t--rndn... t-h• up.,.,.t- t-hr..."'hnlrl_ H~el!er, 
each pulse of the radiation source imparts so■e total dose to the device. The accuaulated total dose 
delivered to the device during dose-rate testing ■ay alter the response of the device or cause total dose 
failure. Care must be taken to ensure that the total dose delivered to the device during dose-rate testing 
does not cause damage to the device which can 11ask the dose rate effects. 

40. REFERENCES 

40.1 References. The documents listed in this section where used as references for the preparation of 
this appendix. 

40.1.1 "TREE Preferred Procedures, Selected Electronic Perts," DNA 2028H, January 31, 1982. 

40.1.2 "Practice for the Application of Thermoluminescence-Dosimetry CTLD) System for Determining 
Absorbed Dose in Radiation-Hardness Testing of Electronic Devices," ASTII E 668. 

40. 1 .3 ""ethod of Dose t1easure11ent for Use in Linear Accelerator Pulsed Radiation Effects Tests," ASTN E 
526. 
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ONE-SIDED TOLERANCE FACTORS 

10. SCOPE 

10.1 Scope. The purpose of this appendix is to present so■e of the techniques necessary for dose-rate 
hardness assu1·a11i;;e. A 1,;umplc1..c 1..rco1..wc111.. ;s nu1.. given, U11l7 the i,1fu1·aat;u,1 •Cl.ju;,ed tu uan; th;.:o du.. , .....c,,t 

is presented. This appendix is a Mndatory part of the handbook. The inforlll8tion contained herein is 
intended for guidance only. 

10.1.1 Overview. Hardness assurance applicetions generally involve statistical techniques to determine 
the edequacy of design margins in achieving required survival probllbilitics. The statistical question is 
eddressed well in eppendix E of DNA 5910F, "Piece Pert Neutron Hardness Assurance Guidelines for 
Semiconductor Devices", and should be consulted for questions involving statistics. 

20. APPLICABLE DOCU"ENTS. This section is not applicable to this appendix. 

30. SAMPLING 

30.1 SaDplinq. "ost hardness assurance techniques require s011e sort of sa!Dpling and statisticel 
extrapolation to the parent population. The results of sallJ)ling are 110st frequently reported in terllS of a 
confidence, C, that at least a proportion, P, of the lot will not fail under actual test. 

30.1.1 Tests. Two kinds of test are often performed on the selected sample to determine the population 
characteristics. 

30.1.1.1 Sampling by attribute. The first is ter11ed "sampling by attribute." In sampling by attribute, 
so■e characteristic of the item is monitored. For example, upset testing at a single dose rate would 
deter ■ ine whether or not the semiconductor devices within a selected sample of devices would upset or not at 
that dose rate. This would be a "go-no-go" situation. Either the device upset or not at the particular 
dose rate. No infornation would b; obtained on the exact threshold for upset or the distribution of the 
threshold for upset. This kind of test is often handled by using the ■ethod of Lot Tolerance Percent 
Defective (LTPO), to make predlctions about failure probabilities. 

30.1 .1.2 Salll)l ing by variable. The second raethod of sal!pling is termed "sampUng by variable." In this 
case, a measurement is ■ade of some critical parameter in a sample. For example, the upset threshold of 
each se■ iconductor device in e sample nay be ■easured in ter ■s of the threshold dose rate for upset. 
Saapling by variable lends itself well to the application of statistical techniques, provided the 
statistical distribution of the data is known. 

30.2 Normal and log-norraal statistics. For hardness assurance applications, normal and log-normal 
statistics aie often used (see 50.1.l heiein). A eheck should always be aade to see if the application of a 
particular statistical distribution to the data is proper. Most often, for radiation effects, the log­
noraal distribution is assumed, even though the actual distribution of data is not known. There is evidence 
that even if the log-normal distribution is not exactly correct, its use can still provide good engineering 
approximations to the hardness assurance problen. In log-normal distribution, the logarithms of the 
quantities are distributed normally. 

40. SAMPLING SY VARIABLES - ONE-SIDED TOLERANCE Ll"ITS 

40.1 One-sided tolerance limits. One statistical technique used with sampling by variable data is the 
aethod known es the one-sided tolerance limit. If a para■eter is known to be normally distributed, then the 
estimetes of lot quality cen be obtained with s11all saaples. Thus, if the parameter, x, is normally 
distributed (x IRIY be the logarith■ of a pere ■eter), and n items are seapled, then a lot is rejected if the 
li ■ iting quantity, L, exceeds a value, UfAX, where 
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-where 
~ is the ~esured mean of the sample, 

s is the standard deviation of the sample, 

c is the required confidence level, and 

P is the required survival probability, or lot quality. 

The one-sided tolerance limit factor, KTL' is a function of the sample size, n, the confidence, C, and the 
lot quality, P. The statistical statement that can be made is that if more than the proportion, P, devices 
of the parent distribution has values of x less than 4'.A.x, then the lot will be rejected with probability, 
t. LMAX aay be a paraaeter selected such that if its value is exceeded, then failure will occur. 

40.2 Minimum parameter for11Ulation. ln many hardness assurance applications, the critical parameter may 
be a minimum and not a maximum. The formulation is si•ilar, end a lot is rejeeted if the quantity, L, is 
less than LNJH where 

L ~ a - KTL (n,C,P)s, 

where the quantities have been previously defined. In this case, LMIN may be a parameter value, selected 
such that if the actual value falls below this value, system-failure will occur. 

40.3 One-sided tolerance. Table VIII is a table of one-sided tolerance factors for some of the most 
freq~ently used lot qualities and 90 percent confidence. 

TABLE VIII. One-sided tolerance limits, KrL· 

C = u.Y 

N 0.9 0.95 -L-0.99 0.999 0.9999 

3 4.259 5.311 7.340 9.651 11.566 
4 3.188 3.957 5.43& 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.Z02 6.222 
8 2.218 2.755 3.783 4.955 5.927 
9 2.133 2.649 3.641 4. 771 5.708 
1 2.065 2.568 3.532 4.628 5.538 
1 2.011 Z.503 3.443 4.514 5.402 
1 
i 

1.966 
'i.928 

2.448 
2.403 

3.371• •=~-~7 

4.420 
I '2:11 
.... .;rt I 

5.290 
5.196 

1 1.895 2.363 3.257 4.273 5.116 
1 1.867 2.329 3.212 4.215 5.046 
1 1 .842 2.299 3.172 4.164 4.986 
1 1.819 2.2n 3.137 4.119 4.932 
1 1.BOO 2.249 3.105 4.078 4.884 
1 1. 781 2.228 3.077 4.042 4.841 
2 1.765 2.208 3.052 4.089 4.802 
2 1.750 2.190 3.028 3.979 4.766 
2 1.736 2.174 3.006 3.952 4.734 
2 1.n4 2.159 2.987 3.926 4.704 
2 1.712 2.145 2.969 3.903 4.677 
2 1.701 2.132 2.952 3.882 4.651 
3 
3 

1.657 
, .623 

2.080 
2.041 

2.884 
2.1333 

3.794 
3.729 

4.546 
4.470 

4 1.598 2.010 2.793 3.678 4.411 
4 1.575 1.9B6 2.761 3.638 4.363 
5 1.559 1.965 2.735 3.605 4.324 
6 1.532 1.933 2.694 3.552 4.262 
7 1.511 1.909 2.662 3.513 4.215 
8 1.494 1.890 2.637 3.482 4.178 
9 1.481 1.874 2.617 3.456 4.148 
10 1.470 1.861 2.601 3.435 4.124 
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Factors KTL such that with confidence, C, ~t least a proportion, P, of a normal distribution will be less 
than 

50. REFERENCES 

50.1 References The docu■ents listed in this section where used as references for the preparation cf 
this document. 

50.1.1 A. Na11en on, et al., "Piece Part Neutron Hardness Assurance Guidelines for Se11iconductor Devices, a 
DNA 5910P, October 6, 1981. 

50.1.2 "ttilitary Specification, Hicrocircuits, Generel Specification For," "ll-f1-38510, Appendix 13, 
Defense Loglstics Agency, 1984. 

50.i.3 M"ilitery Standard Test Nethods and Procedures for Nicroelectronics,~ KiL-SiD-883C, August 1983. 
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