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FOREWORD

The purpose of thi1s handbook is to establish a guide for the program manager (PM) and
designers of radiation hardened systems.
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1. SCOPE

The scope of this document is 1imited to total-dose radiation effects on
electronic piece parts. It does not address overall system hardness assurance
activities. However, occasionally, specific system requirements may be briefly
addressed when it facilitates the discussion.

1,1 Objective. Systems which must operate in a nuclear environment must be
capable of nuclear survivability, which means that they shall be able to complete
their mission in spite of nuclear stresses. Radiration hardening of a system 15 the
process of ensuring that a system {s designed to survive a specific set of nuclear
threats. Tne array of methods and procedures used to make certain that the system
achieves the radiation hardness level designed i1nto the system 1s called radiation
hardness assurance {(HA). The piece peart HA effort not only applies throughout the
production phase of the program but extends over the 1ife of the system to ensure
that the radiation hardness 1s not degraded due to operational or maintenance
procedures. The HA effort following the production phase is called hardness
maintenance (HM).

It vs 1mportant to understand that piece part HA 1s performed for a system
that has already been designed to survive the specified radiation environment., A
major effort in prece part HA of a specific system is the procurement of parts to
acceptance criteria developed as part of the original design of the hardened system.
Thus, while piece part HA 1s performed during the production and HM phase of a
system, it 1s an important consideration during the design phase in order to obtain a
cost-effective system.

The designers must develop the hardness assurance criteria for those who
carry out the piece part HA functions for total dose environments. Therefore, the
basic prece part HA requirements are determined by the design function and where
applicable require the concurrence of the PM. Although the desyan function ang the
HA activities are basically separate entities, the designers must keep the piece part
HA procurement costs in mind as they design the system. HA personnel must utilize
the requirements establishecd by the desian function 1n order to carry out the prece
part HA activities., Conseguently, any piece part HA requirements not provided bv the
design functyon will need to be determined by HA personnel, using the design
guroelines definea 1n 5.1.

1.2 Document application. This document 15 applicabie tc total dose effects on
prece parts used in & system 1n the near earth radiation environments, deep space
radiation environments, and the endo- and exo-atmospheric nuclea weapon
environments. The following is a brief discussion of the four radiation environments:

a. Near-earth environment {mainly the trapped-radiation belts) can produce a
large dose build-up over several years of satellite mission time, with
annealting effects normally 1imiting the damage.

b. Space probe environment (Jupiter) --the total dose 1s usually accumulated
within several hours time, with 11ttle annealinc during the period of
interest. Other environments space probes encounter are the solar wind,
solar flares, and cosmic rays.

¢. Endo-atmospheric nuclear weapon environment--the total dose 1s delivered
in about 10 seconds, although a significant fraction 1s accumulated 1n
microseconds. Some annealing does occur,

d. Exo-atmospheric nuclear weapon environment--the total dose 1s delivered
in a very short time period, which provides 11ttle time for annealing.

Ir general, for circuits which are not required to operate immediately
after the pulse, annealinc effects can st111 be & significant factor {see
references 1 through 11}.

The different device response from ionizing radiation caused by these environments 1s
due to both the total accumulated dose and the dose rates. For environments with
high dose rates (fast total dose deposition), the effects of annealing can be
significant. Annealing of the radiation damage is temperature and time dependent.
Increasing temperature accelerates annealing, whereas decreasing temperature slows
annealing. In efther case, annealing effects accumulate with increasing time.
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The extent of annealing depends on device fabrication technology and measurement
time. It should be noted that while annealing is usually understood to be a
reduction of the radiation induced parameter change, there are some fntegrated
circuits which continue to change in the same direction. This phenomenon is
sometimes called "reverse annealing".

Selection of a facility to simulate the damage due to these various environments
requires careful consideration due to the extreme differences 1n the assocrated dose
rates and exposure times. In many cases it 1s important to distinguish between the
effects of total dose delivered by gamms rays and by various electrons, though a
complete discussion of this distinction is beyond the scope of this document. In
general, there have been no observed difference for NPN transistors and for majority
carrier devices such as FET's. However, unpublished experimenta) data taken by the
Jet Propulsion Laboratory (JPL) show that 2.2 MeV electrons cause substantially more
damage (3C to 60% greater change in a{l/hpp) at 150 krads) than an equal dose from
Cobalt-60 gamma rays for PNP transistors having a broad range of fys values. No
data is available for comparing electron and gamma irradiation of bipolar 1ntegrated
circuits, but 1t is reasonable to expect significant extra damage from the
displacement damage induced by relativistic electrons 1n such devices also. Hence,
in radration testing 1t is important to ascertain that the radration source and test
timing does, in fact, correctly simulate the radiation environment of i1nterest.

In addition to the above considerations, the electrical biras conditions during
radiation exposure can have & very significant effect on device degradation.
Degradation can vary depending on bias versus no bias anc¢ on whether the bias 1s
negative or positive, The effects of different tias conditrons are device-dependent
and are further discussed in appendirs A,



TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

2. REFERENCED DOCUMENTS

2.1 Government specifications nd standards. Unless otherwise specified, the
following specifications and standards, of the issue listed in that issue of the
Department of Defense Index of Specifications and Standards specified in the
solicitation, form a part of this specification to the extent specified herein,

SPECIFICATION
MILITARY
MIL~S-18500 - Semiconductor Devices, General Specification For.
MIL-M-38510 - Microcircuits, General Specification For.
MIL.C-45662 - Calibration System Requirements.
STANDARD
MILITARY
MIL-STD-202 - Test Methods For Electronics and Electrical Components
Parts,
MIL-STD-750 - Test Methods For Semiconductor Devices.
MIL-STD-883 - Test Methods and Procedures For Microelectronics.

{Copres of specifications, standards, handbooks, drawings, and publications
reauired by manufacturers i1n connection with specific acquisition functions should be
obtained from the contracting activity or as directed by the contracting officer.)
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3. DEFINITIONS

3.1 Definitions. In addition to the definitions specified in MIL-M-38510, the
following definitions apply:

3.1.1 Characterization test. The radiation characterization test consists of
exposing the test parts to increasing total-dose values unt1l the radiation-induced
parameter value, PARpap, for each part, passes the specified failure value.

3.1.2 Confidence level. (C) 1s the probabflrty (usually given 1n percent) that
at least a proportion, PpysT, of the parts 1n the iot will survive.

3.1.3 (Cumulative proportion. {Ppygy) 1s the proportion of a probability
distribution which 1s below a given upper 1imit (or above a grven lower Timits).
PpIST tnus corresponds to an infinite lot size (see 5.1.5.2.2).

3.1.4 Part, 1s the electronic part type used 1n a specific circurt application
or test.

3.1.5 Part parameter value. (PAR) 1s the electrical parameter value measured for
a device.

3.1.6 Lot, The collection of parts from which the sample has been taken {see
MIL-M-385107.

3.1.7 Lot acceptance test. This term represents the hardness assurance radiation
testing of & sample of parts from a procurement lot. It 1s i1ntended to be a generic
term which encompasses tests such as Lot Conformance Tests and Quality Conformance
Tests.,

3.1.8 Parameter failure value. (PARppyL) 15 the circurt failure value of &
particular parameter for the device under evaluation.

3.1.9 Parameter specification value. (PARmiy or PARMax) 15 the minimum or
maximum device parameter specification value prior to irradiation.

3.1 10 Radiatron-inducec parameter value. (PARgap' 1S tne postirradiation
parameter value.

3.1.11 Sample size. {n} 1s the number of parts, sejectec at random from the lot,
which are to be tested.

3.1.12 Measured mean of the logarithms for PARRAD'

n
. 1 5 PAR
ln(PARRM)=—n L in < RAD1>
i=1

for the 109 normal drstribution where pARRAD 15 the parameter value measured
1

th

for the 1 device.

3...13 Measured standard deviatiron of the logarithms for DARRAD'

) n %
= -
Sin(PARgyy ) S\ TR - 1D Zl [1" (PARRADO In (”RRAD)J
1=

for the log normal distribution.
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3.1.14 One sided tolerance limit factor. (KIL) is calculated for a normal
distribution, Ky thus corresponds to an infinite lot size. Ky 1s a factor

such that the probabilfty is C that at least a proportion, Ppygy, of the lot will
have parameter values less than the mean plus Ky times the standard deviation for
parameters increasing with radiation exposure (or Ppygy of the total lot will have
parameters more than the mean minus Ky times the standard deviation for parameters
decreasing with radiation exposure). This statement fs 11lustrated by the following:

for parameters increasing with radiation exposure, or

for parameters decreasing with radiation exposure. The factor Ky 1s therefore a
function of C, Ppygr, and sample si1ze n. Note: PARpap is replaced with Dppqg
{see 3.17) 'n the above discussion when Ky_ is used in fluence to failure
calculations.

3.1.15 Parameter design margin,

PAREATL
A Y
InTPAR A

e

DM =

for 1ncreasing parameter values, and

InTPARgap)

PARE R 1L

DM =

for decreasing parameter values.

3.1.16 Total-dose. (D) 1s the total fonizing radiation absorbed dase value under
consideration, usually given 1n Rad(S3i)} or Gy(Si).

3.1.17 Total-dose circuit failure value. (DepjL) 1s the total-dose value for
the part under test, which PARRAD becomes PARFAIL.

3.1.18 Measured mean of the logarithms for DFAIL'

n
1 D
In(oppy ) = — Y 1n < FAILD
1=1

for the l1og normal distribution.

3.1.19 Measured standard deviation of the logarithms for DFAIL'

n 1/c

1 2
s £ ( e in /D - 1ln D
ln(DFAIL) (n- 1) ;g; [ < FAIL1> FA!L]

for the 1og normal distribution.

KTL Sin(p )

3.1.20 Part categorization criterion. (PCC) equals e FAIL® for the

partsdbeing categorized. It 1s used to categorize parts which must be radiation
tested.
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of fonizing

3.1.22
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Total-dose specified value. (Dgpgc) is the maximum specified total dose
Fadiation W%Tcﬁ'iﬁe circuit under consideration must survive.

Total-dose mean faflure value.

(DMF) equals e In“:FJ&ILI for the parts

being evaluated.

3.1.23
3.1.24

Total-dose design margin.

{TOM) equals Dyr/DspEg.

Svmbols.
n

PAR
PARRAD

PARFAIL

PARMIN OF
PARMAX

TRTPARpap )

*1n{PARg,p)
PpIsT

c

KL

PCC

DFAIL

Il ay))

s
l"(DFAIL)

Dspec
TDM

TDM(Lot)
OuMF
DM(Lot)

DMBF

{See definitions).

Sample size
Device parameter value
Radiation-induced parameter value

Parameter failure value

Parameter specification value

Measured mean of the logarithms for PARRAD
Measured standard deviatior of the logarithms for PARp,.p

Cumulative proportion of distribution
Confidence level

One-sided tolerance 1imit factor

Part categorization criterion

Total-dese circuit failure T1mit
Measured mean of the logarithms for DFAIL
Measured standard deviation of the logarithms for DFAIL

Total-dose specification value
Total-dose design margin

Jotal-dose desigr margin for lot testing
Jotal-dose mean farlure value

Parameter design margin for Jot testing

Desygn margin breakpoirt
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4. GENERAL TOTAL-DOSE HARDNESS ASSURANCE REQUIREMENTS

4.1 Total-dose radijation testing. For an adequate test to be accomplished,
certain key elements are required: a radiation test plan, a test procedure,
radiation dosimetry, and suitable radiation facilities. Each of these elements is

described below.

4.1.1 Radiation test plan, The test plan defines the process by which the test
procedure Wil1 De carried out, including: (1) method of test sample selection, (2)
type of personnel, organization, and responsibilities, {3} types of faci1lities to be
used, {4) equipment required for measurement and calibration procedures, (5)
procedures to be followed, including a step-by-step descriptior of the test (s
procedure 1s required for each separate function performed, including the timing of
the post-radiation measurements), (6) documentation, which includes sygn-off forms,
data format, and identification of the test conditions with the test data, and (7)
final data processing and analysis. The test plan must be prepared and reviewed by
all principles to ensure that 1t adequately reflects the system requirements. The
1ndividual test procedures are developed from this test plan. For total-dose cobalt
60 and electron tests, MIL-STD-B83 or MIL-STD-750, test method 1019 should be

specified.

4.1.2 Radiation test procedure. The radiation test procedure is & complete
description of {he reauireménts for a single device type. The major areas to be
defined by the procedure include, but are not limited to: (1) a description of the
devices to be 1rradiated, such as part type number, package type, number of leads and
pin out, serial numbers, and 1ot and wafer numbers; (2) biras conditions of the
device, and operating conditions during the radiation exposure; {3} the specific
radiation facility and the radiation total dose and dose rate for each exposure, (4)
the electronic parameter prejrradiation values and test conditions, (5} the bias
circurt draagrams showing the location of all circurt elements during each
measurement: {6) whether or not the test 15 to be made in-s1tu, {(7) the electronic
parameter measurements required and the device operating conditions during
measurements, (8) & Tirt of 511 test fixtures and test eaquipment or equivalent
required for the test, (%} the format 1n which the data 1s recorded. The test
procedure must be prepared and reviewed by all principles 1n the system to ensure
that it adequately reflects the needs of the data user.

4.1.3 Radiation dosimetrv. Test data may not be valid without considerable
attention to obtaining correct radiation dosimetry. While there are a number of
reasonably valid techniques, the most commonly used system 1s thermoluminescent
dosimetry (TLD). Thne ASTM and DoD have recently approved a standard for use of TLD
dosimetry in radration testing, ANSI/ASTM E668-78, "Standard Practice for the
Application of Thermoluminescence - Dosimetry (TLD) Systems for Determining Absorbed
Dose in Radiation Hardness Testing of Electronic Devices." This standard gives
considerable detail on correction procedures. Additional dosimetry i1nformation may

be obtained from references 12 and 13.

The dosimetry shall be used to calibrate each location used for exposure of test
devices to within #10 percent accuracy. The calibration shall be traceable to
National Bureau of Standards accuracy. If an area 1s to be used for an array of
samples, the uniformity of the fi1eld snhall be determined The field used should be
umiform to within 15 percent, for most applications. The source decay must be
calculated and applied at least every two months.

The cobalt 60 sources, which are 1n common use for testing electronic parts., vary
1n geometry of the shielding (leac or water) that 1s near the source lr parts
testing, when heavy shielding 1s near the source, the gamma ray spectrum 1s sertously
altered, resulting 1n a large low-energy compohent of ?back scattered) gamma rays.
The low-energy gammas can produce dose enhancement effects 1n device package
materyals and other high z elements used in device construction such that the actual
dose absorbed in the radiation-sensitive region of a device can be different from
Cobalt 60 sources having different energy spectra. These differences may be as much
as a factor of 2 i1n some practical cases. Factors of 30 percent variations are most

11kely common experience,
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For particle accelerators, the radiation fluence or dose must be measured for each
exposure with an appropriate method, such as a Faraday cup or with TLD. This
practice {s required because the flux may vary radically for each exposure with such .
sources.

4.1.4 Radiation facilities. Selection of the correct type of radiation facility
is one of the most important aspects of total-dose radiation testing. This choice
depends on the type of radiation sources to which the system 1s to be exposed. For
some nuclear weapon environment simulations, total-dose pulsed sources should be
considered to analyze the annealing function for short radiation times. For residual
contamination and for space-radiation applications, cobalt 60 or steady-state
electron accelerators are used at various dose rates that are considered applicadle.

4.2 Hardness assurance provisions. In order that the piece part HA effort be
properly carried out, specific information must be provided to the production and HM
activities. This information is generated by the design function and is provided to
the production and maintenance personnel as part of the system Hardness Assurance
Design Documentation (HADD}. As a minimum, the following i1nformation needs to be
provided for each part type so that the piece part HA activities can be properly
carried out:

a. Total-dose specifired value, Dgpec (see 5.1.8.1).
b. Total-dose radiation test requirements per MIL-STD-883, method 1019.
¢c. For each 1ot acceptance test, the following information 1s required for
both the testing-by-attributes and testing-by-variables methods (see
5.1.8.1.1 and 5.1.8.,1.2):
) Part type, vendor rdentification, and parameter description.
) Biras conditions during irradiation.
) Operating conditions auring electrical parameter measurements,
Indicate 1 f measurements are i1n-situ or not.
) Any other special setup or test requirements,
d. The following additional information 1s required for the
testing-by~-variabies method:
(1) The value of the one-sided tolerance limit factor, hyL, the
cumulative proportions of distribution, Pprst, the confidence ~
level, C and the sample si1ze, n (see 5.1.8.1.2).
(2) Whether the test 15 at a single fixed total-dcse or multipnie
total-dose to failure {see 5.1.3.2).
{3} The total-dose level or Jevels for conducting the test.
} Parameter failure value, PARFajL. Indicate 1f parameter increases
or decreases with radiation exposure (see 5.1.3.2),
e following additional ynformation 1s required for the
sting-by-attributes method.
; The minimum or maximum parameter value for 1ot acceptance.
)

——

3
4
h
e
1
2 The Lot Tolerance Percent Defective, LTPD, value (see 5.1.8.1.
3 The faillure acceptance number 1f other than zero (see 5.1.8.1.
f. When lot acceptance testing 1s not specified, part appliications tha

require occasional sample testing should be indicated (see 5.1.5.3). The
requirements of (3) above must be furnished if sample testing 1s reguired.

).
)

T
t
(
(
{

1
1
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5. DETAILED TOTAL-DOSE HARDNESS ASSURANCE REQUIREMENTS

5.1 Radiation design hardening. This section presents the system radiation
design hardening activities which are necessary to develop a piece part hardness
assurance (HA) program. These activities include worst case circuit analysis,
radiation testing, and characterization of the parts, determining whether the part
type requires HA 1ot acceptance testing, and providing the information necessary to
carry out the HA program. Thys HA information is required to ensure that the
radiation hardness designed into the system 15 maintained during production and any
future reprocurement of piece parts. Figure 1 15 a flow diagram of a typical system
piece part total-dose design and HA plan (see 5.1.5 for an explanation of hardness
critical category IM and hardness critical category 2).

Priece part radiation hardness criteria developed during the system design are
essential to a cost-effective HA program. They are alsc instrumental 1n establishing
the cost level of the HA activities throughout the 11fe of the system. The goal in
design 1s to select parts and design the circuits so as to minimize the total HA
costs, i1ncluding lot acceptance testing. For example, it may be less costly in the
long run to specify a more expensive radiation hard part type or to increase the
compiexity of a2 circuit f 1t allows the elimination of requirements for lot
acceptance testing. This section provides guidelines for establishing piece part HA
requirements during the system design phase so as to meet these goals.

In order to carry out these requirements properly, 1t 15 necessary for the design
function to specifyv the method that will be used to determine if HA Tot acceptance
testing will be required for the part procurement activity. There are two methods
recommended. One 1s called the design margin breakpoint method (DMBP)}, 1n which a
single number, called the breakpoint value, 1s used as the criterion for determining
1f HA testing 15 required. This single number generally applies to all part types
{see 5 1.5.2.1). Addrtional details regarding the DMBP methoa are contained i1n the
Air force Weapons Laboratory document AFWL-TR-76-147, and tne reader 15 referred to
this document for & further discussion of this method. The second methoc 15 called
the part Categorization criteria method (PCC) 1r which the criteria are determined
separate1§ for each part type by analyzing tne radiatron characterization data (see
5.1.5.2.2).

For systems where the radiation environments are not severe the DMBP method of
categorizing the parts (described 1n 5.1.5.2.1) should be considered. However, where
the radiation environments are more severe, the PCC method (discussed 1n 5.1.5.,2.2)
1s more appropriate. It should be pointed out that both methods require radiation
characterization testing and determination of the Total-Dose Design Margin (TDM}.

The basic difference between the two methods is that the PCC method requires
calculation of the PCC value for each part using the characterization test data,
whereas the DMBP usually applies a single criterion to all parts.
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SYSTEM REQUIREMENTS —HDEVICE TYPE.
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L ;;/ REQUIRED
PASS FAIL
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TEST ADorTroﬁﬁq
RE-EVALULTE e — Lot LOCALIZED
DEVICE fFAILITEST — {PASS /| ACCEPTANCE SHIELDING
CATEGORY | 77 ANEW LOT] TESTS
4 LOT CONTROL PART [
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OR_HARDENING
‘ CIRCUIT
/{ﬁ,REJEcTE REDESIGN
o7
ACCEPTABLE

FIGURE 1. A tvpical system piece part-total dose desigr and hardness
assurance plan (HF functioh In snadec area!l

The design activity should also specify whether the lot acceptance testing will
use a 1ot tolerance percent defective [(LTPD), 1.e., testing-bv-attridbutes, or a
testing-bv-variables method. These tests methoas are further discussed in 5.1.5.1

It 15 intended that the piece part Hf requirements generated during the system
design phase provide sufficient 1nformation so that the HA activitres can be carried
out during the production phase of the program, i1ncluding the procurement of piece
parts, and during subsequent deployment and maintenance of the equipment without the
necessity of additional design type activity. Consequently, 1t is imperative that
the information be provided to the HA functiron as part of the Hardness Assurance
Design Documentation (HADD). As a minimum, the information should cover the items
specified in 4.2. Otherwise, 1t may be necessary for the HA function to develop the
missing piece part HA information during the production phase of the program, a
result which is redundant and may omit critical design considerations.
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Although this document is intended to provide the necessary steps for developing a
piece part total dose HA program, it is highly desirable that additional detailed
guidance be obtained from a radiation effects specialist as early in the design
stages of the program as practicable. Such a specialist can be helpful in providing
current radiation effects information regarding parts application and selection, and
can serve as a consultant for the many special problems that arise during the
development of a HA program. Additional guidance may also be obtained by contacting
government agencies such as the Army's Harry Diamond Laboratories, Adephir, Maryland;
the Air Force Weapons Laboratory, Albuquerque, New Mexico; or the Naval Weapons
Support Center, Crane, Indiana.

5.1.1 Parts selection. One of the most-cost effective steps 1n & piece part HA
program is the proper selection of radiation-resistant parts, Because there are as
yet no reliable electrical correlations for predicting the radiation sensitivity of
electronic parts in a total-dose environment, the main reliance for HA must be placed
or costly 1ot acceptance testing. Therefore, every effort must be made to select
parts which do not require lot acceptance tests.

In the total-dose radiation environment, vendor selection is very important.
Radiation test results indicate that certain vendors produce parts that are harder
than others for the identical part type. In addition, there 1s no correlation
between vendors as to the radiation sensitivity for a given part type. For example,
1f the results of a radiation test 1ndicate that a certain vendor's transistor need
not be 1ot acceptance tested, it cannot be assumed that the same transistor type from
a different vendor need not be lot acceptance tested. This means that i1n many cases,
a vendor must be considered as sole-source (see 5.1.5) for procurement purposes,
unless additional vendors can be qualified. An exception to this may occur for
systems with moderate total-dose requirements (see 5.1.7). It 1s important to note
that, because total-dose sensitivity 1s highly process-dependent, even a qualified
vendor's 1ine may change. This 1s why occasional sampie testing of parts which have
been gualified as acceptable 1s recommended.

E.1.1.1 Unacceptable parts. As has been previously mentioned, part types with
very Jow design margins should be eliminated from use 1n the system. The decision eas
tc when & desygn ma~gin 1s low enough to make the part unacceptable wiil depend on
the cost of rejecting lots during hardness assurance versus the cost of either using
@ harder part type or re-designing the circuit. Since these costs are highly
aependen* on the speci1fic part type and the specific svstem 1n which {% 15 used, nc
one formula for determining a minimum acceptable design margin will apply to ali
situations. Two suggested general rules are:

a. Part types with design margins less than one should not be used.

b. Part types with design margins between one and two should only be
used if no alternatives are available. On the basis of calculations
for silicon bipolar transistors, a high rate of lot rejection and/or
part farlure is to be expected when parts with design margins less
than two are used.

The HADD, of course, will not contain an acceptable part category since it only
115t parts which are used 1n the system.

5.1.1.2 Parts sensitivity up to one meagarad, The following discussion of the
radiation sensitivity of efectronic part types 1s limited to a steady state,
total-dose environment where the Total-Dose Specified Value, Dsprc, does not exceed
one megarad{Si). This 1imit applies only to the followinc discussion and does not
imply that Dgppc may not exceed one megarad for some specific system applications.

With the exception of special, extreme-precision circurt applications, the
foliowing non-semiconductor part types can be considered as non-radiation sensitive
parts, without further radiation testing or concern-

a. Capacitors

b. Resistors

c. Magnetic devices

d. Electro-mechanical devices

N
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The following semiconductor part types, except for high-precision applications, do
not normally require lot acceptance testing. However, they may require occasional
sample radiation testing as discussed in 5.1,5.3. -

a. Diodes, such as switching and rectifier dfodss

b. Digital bipolar microcircuits such as IZL, TeL, LSTTL, STTL, and
ECL (except for bipolar devices made with new sidewall oxide
1solation techniques - for example IMOX, FAST, AS and ALS)

With the above exceptions, the radiation sensitivity of other semiconductor part
types should be thoroughly evaluated on the basis of existing radration test data
wnen available. If a data base is not available, 1t will be necessary to generate
the radiation test date by means of characterization testing Certain part types,
such as Tinear operational amplifiers and unhardenea MOS, are very sensitive to
total-dose radiation, even at levels well below one megarad(Si).

5.1.2 Circurt hardening. Circuit hardening can be a very cost-effective approach
to radiation hardening. The subject 15 complex, and a complete treatment 1s beyond
the scope of this document. However, some typica! hardening technigues and examples
are presented below"

a. Circuits should be designed to maximize the use of non-sensitive
parts. For example, bipolar digital logic may be used 1nstead of
commercial CMOS logic, providea of course that power requirements
permit.

b. Vendors with a history of providing commercial {nonhardened) parts that
are radiation resistant snould be selected.

¢. Circuirt design should minimize the sensitivity of critical parameters,
1.e., transistors should be operated at tne collector current value
that maximizes gain. and putput drive current shoula be distributed so
that 1t s adequate after rradiation,

d. RKadiation-hardened parts should pe specifieg when nonsensitive parts

cannot be utilrzed

These are some of tne typical methods vsed to 1ncrease circult radiation resystance. ~—’
A further discussion of radiation sensitive parameters and additional circuit

application information are contained 1n Appendir A Wnen circuit naraening

techniques are applied rn space systews, the amount of c.rcuyt hardening required may

vary, depending on tne location of the part 1n the equipment. Tbtis 1s due ty the

1nherent shield ng provided by the material surrounding the part for the chargeag

particle environment 1n space

§.1.3 Radiatron characterization. Radiation test data are necessary for a
characterization of parts 1n a total-dose radiation environment When one 1s
available 1t 1s cost effective to use an exi1sting data base. OQOtherwise, 1t will be
necessary to perform radiation characterization tests. Evaluation of radiation test
data by different 1ndustry and government facilities i1ndicates that most radiation
test data 15 best represented by a log norma! distribution Therefore, the log
normal distribution may be assumed uniess the date shows the distribution to be
non-log normal.

It 15 hest not to use the characterization data to extrapolate survivael
probabilities to high confidence levels uniess a large sample size {minimum of 25
devices) 15 used and the exact distributior 1s determined by means of a statistical

test such as the Chyr-square goodness-of-fit test.

it should pe noted that the selectror of the sampie si12e 15 a trade-off between
the cost of cnaracterization testing and tne cost of additional lot acceptance
testing during the procurement phase of the program Although a small sample s1ze
reduce the cost of characterization testing, 1t will 1ncrease the value of Kyp and
consequently the value of PCC (see 5.1.5.2.2). As can be seen from figure 4, a
higher vaiue of PCC may increase the number of devices that require expensive lot
acceptance testing during future procurements. This trade-off should be considered
prior to the selecting of a sample size for the characterization tests. Where
practicable, a minimum sample size of ten devices 1s recommended.

12
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5.1.3.1 Existing data base. 1In order for existing data to be acceptable for
characterfzing a device, the data shouid meet the following requirements:

a. The part, vendor, and bias conditions during radiation testing and
parameter measurement should be the same as those used in the worst
case circuit analysis.

b. The radiation test environment should be the same as or acceptably
close to the environment given as the system requirements.

¢. The data should be 1n a format that permits an evaluation of the
para?eter change versus total dose at a minimum of three radiation
levels.

d. The highest radiation level shouid be at least twice the total dose
specification value, Dsppc, to allow verification that the part
behavior 1s not beginning to change rapidly just above this level.

If the above conditions cannot be met, it will be necessary to perform a
characterization test in order to generate the necessary data. Some bases of
existing data may be of use. See, for example Electronic Radiation Response
énggma§1on Center, operated for DNA by Kaman-Tempo, P.0. Drawer (QQ, Santa Barbara,

102,

5.,1.3.2 Cnaracterization testing and data analysis. The radiation
characterization test consists of exposing the test parts to increasing total-dose
values until the radiation induced parameter value, PARpap, for each part, passes
the specified failure value, PARpA7L. PARppa1L is determined from a worse case
circuit analysis, as descripeda 1n g.l 4 Fhe PARpap versus total-dose values are
plotted on graph paper, i1ncluding a horizontal line representing the failure value,
PAR;AIE. The totai-dose value for each part 1s then scaled from the abscissa at a
point directly below where the PARpap curve 1ntersects the PARppyL line. This
total-dose value is called the Total-Dose Circurt Failure Value, Dppyr. These
DFhiL values are used for categorizing the part types and establishing the prece
part HA criteria., An example of plotting the characterization test data 15 snown on
figure 2 for the case where PARpap 1ncreases with radiation exposure.

TEST SAMPLE NUMBER

B RO -

PARg A \m— — —~—~—— " — — - -

/

—— TOTAL-DOSE {D) —#= DFarL VALUES

PARQAD

FIGURE 2. Relationship of factors used for determining Dpapg.

13



M
0

' HNICAL LIBRARY

ABBOTTAEROSPACE.COM

MIL-HDBK-279

In addition to being used for determining the Dpaj; values, the shape of the
data plots is evaluated in order to determine if the hA lot atceptance test should be
a single dose type test, at the Total-Dose Specified Value, Dgpgc, or a multiple
total-dose to faflure type test., If the data plots are approximately linear, the HA
Tot acceptance tests sxhould be performed at a single total-dose value, Dgpgg.
However, if the shape of the data plots varies significantly from a linear shape, a
multiple total-dose to faflure type of HA testing 1s preferable (see 5.2.2).
Whenever possible, HA testing should be performed at a single total dose value,
because testing at multiple doses 1s more costly.

Occasionally when characterization tests are conductec, 2all of the parameter
values may not reach PARFpIL, ever when the test total-dose values are much higher
than Dsp[g. In this case, @ minimum of five test parts should reach PARppayL 1f
the test 1s to be meaningful.

The requirements for conducting the radiation cnaracterization test are defined 1n
MIL-STD-750 or MIL-STD-883, test method 1019, and n 4.1. As part of tnese
requirements, the following recommendations are offered,

a. Sample si1ze: A randomly selected sample size of 10 parts s
recommended as a minimum (see 5.1.3),

b, Bias conditions: The bias ccnditions during radiation testing and
measurements should be the same as those used 1n the worst case
circuit analtysis.

¢, Total-Dose Levels* The parts should be measured after each
irradiation, at a mynimum of three radiation levels. The radiation
test levels should extend from below the Dgppc value t¢ a level
where PARpAp ntersects or exceeds the PARpgyr line. In
addition, one of the test levels should be at Dgpgc.

5.1.4 Worst case circuit analys s, A worst case Circuirt analysis of each circurt
1r the svsten 7s requirea for & cetermination of PARzayL and for an evaluation of
the circurt induced system susceptibility to the radiation environment. This
analvs:is 15 normally performed at the Dgppr totai-dose velue. There car be
different levels of worst case circult andlvsis.depending on the svstem
requirements. Worst-case circuit analysis requires & knowledae of the (1) device
types to be used, {2) radration sensitive parameters, {3) radiation response of the
surrounding parts, and {(4) circurt ob2rating reaurrements, 1n~ludino temperature
derating ana aging. With tnese inputs, under the werst-case circult conditions
{freauency, bias, temperature, etc.), @ maximum Or minimum end-point
electrical-parameter fallure value, PARpp;L, 15 determined, this value 1s known as
the .ircuit fairlure value for the device parameter unaer evaliuation. After
total-dose 1rradiation, this failure value cannot be exceeded without causing civcuit
farlure. Whether PARFaiL 1S5 an upper value or a lower value should be 1ndicated.

For each radiation sensitive device type one electrrcal parameter must be selected
as being of primary interest. These are the parameters most sensitive to the
radiation environment and are, therefore, the most critical to circuit requirements
and make up the bulk of data availaple 1n the radyation effects date banks. Ir
addition to these primary parameters, other parameters cou’d be critical for special
or unusual device applications. These special parameters may or may not be radiation
sensi1tive, and each case must be evaluated 1ndividuaily. {This subject 1s further
discussed 1n Appendix A)., It should be noted that there can be more thar one value
of PARppyy for a given parameter for devices used 1n different circuit
applications. However, onlv the wovst case parameter value should be used for a
civen part tyvpe.

5.1.5 Part categorization. As part of the design activities, 1t 1s necessary to
determine tne radiation response of the part types anc to 1dentify those part types
that will require lot acceptance testing. This 15 done bv categorizing the part
types 1n accordance with 5.1.5.2. The following categorizations are defined:

Hardness Critical Category 1M {HCC-1M) - Lot acceptance tests required.

Hardness Critical Category 1H (HCC-1H) - These parts do not require lot
acceptance tests, but are included
in the HCC-1 classification because
they are hardness dedicated parts.

14
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Hardness Critical Category 1S (HCC-1S§) - These part types do not require lot
acceptance tests, but are included
in the HCC-1 classification because
each 1s a sole-source part types
that must be obtained from one or
more specific manufacturers due to
its process-related radiation
characteristics. HCC-1S parts may
require occasional sample testing
similar to that done for HCC-2 part
types (see 5.1.5.3).

Hardness Cratical Category 2 (HCC-2) - These part types do not require 1ot
acceptance tests, but they may
require occasional sample testing.

Hardness Non-Critical (HNC) - These parts have such large design
margins that they require no
testing even on an occasional basis
(TDM > 100}, -

The HCC-1H application 15 used for parts that are designed into circuits as
hardness dedicated parts. The sole function of these parts is to protect the circuit
from specific radiation responses. HCC-1S is used for sole-source parts where the
radiation characterization tests indicate that this is the only manufacturer tested
whose part meets the radiation response requirements of the system. Both the HCC-1RH
and HCC-1S are incluaed 1n HCC-1 for systems HA parts control purposes only.

Before the methods used to determine the part categorization are presented, 1t
should be pointed out that the majority of radiation test data is best represented by
the Tog normal distribution. This may cause the methods described to appear
unfamilrar to readers who are more familiar with analysis methods using normally
distributed data. The leg normal distribution 1s nonsymmetrical with & positively
skewec tarl., Tne average value 15 the geometri¢c mean and the variance of the data 1%
the geometric dispersyon. Ir order tc appiy normal statistical calculations to log
normal data, 1t 1s first necessary to transform the data 1nto & normal distripution
by taking the log values ¢f the data. After the normal statistical calculatrons are
completed, the antilogs must be used to transform the calculations back i1nto the log

normal form.

5.1.5.1 Total-dose design margin. In order to calculate the Total-Dose Design
Margin, TDM, 71 75 necessary to determine the Total-Dose Mean Failure Value, Omps
from the characterization test data. Dmp 15 calculated, using the PARppq;
values, as follows:

eqg. 5.1.1
Dyr = € NPT

where
n
1 <
Inppp =5 In GFAIL)
1=1

and DFAIL 1s defined as the total-dose circuist failure value for the 1th device.
1

DFAI‘ 1s simply the dose value where each part reaches the parameter failure value
determined by the worst case circuit analysis.

TDM can then be calculated as the ratio of D¥F to the Total Dose Specified
Value, Dgppc, which the circuit must survive. herefore,
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and relates the part total-dose response to the specified system radiation
requirements.

In spacecraft systems, DSPEE is often lower than the system total dose
specification because of the shielding provided to the circuit by the box in which it
resides and the surrounding materfals of the total system. In such cases, Dgpgg is
calculated with a computer program. If detailed information about the surroun51ng
masses 1s not known, then the proper procedure 15 to use the system specification

total-dose value as Dspgg.

As pointed out 1n paragraph 5.1.3.2, occasionally less than three parts have their
parameters reach PARFaiL, In which case the data analysts 1s not considered
meaningful and TDM cannot be determined by the method defined above. In this case
the special methods described 1n 5.1.5.2.1 and 5.1.5.2.2 should be used,

5.1.5.2 Part categorization methods. Part categorization 1s used 1in order to
determine 1f KA Tol acceptance testing 1s required for a particular part type. There
are two methods proposed for classifying the parts. Both methods require radiation
characterization testing of a sample of parts 1n order to determine TDM, and then a
comparison of TDM tc a numerical value. The first method 1s called the Design Margin
Breakpoint (DMBP) method, where TDM 15 compared to the DMBP value. The DMBP value 1s
specified by the design function and applies equally to all appiicable part types.
The DMBP method 1s generally used where the radiation environment 1s not severe. 1In
the second metnod, TDM 1s compared to & number determined separately for each part
type by analyzing the individual radiation characterization test data. This second
method 1s called the Part [ategorization Criteria, PCC, method and 1s generally
indicated for more severe total-dose requirements where the part survival
probabi1iities are low. Depending on the overall system requirements, the approach to
categorizing the parts can be modifred to include several DMBP values or a
combination of the DMBP and PCC wmethods. For example, one DMBP value could be used
for less sensitive part types and a second value or the PCC method could be used for
tne more sensitive part types or parts used 1n very ¢ritical applications.

In addition to the DMBP and PCC values, the desiagn function must specify a number
that 1s used betweer unacceptable and HCC-1M. Tne value assigned this number must be
based on several considerations., A small value is desirable 1n order to minimize the
number of part types categorized as unacceptable. However, a small value may result
In an unacceptably hrgh rejection rate auring iot acceptance testing for part types
with small design margin values. For tne examples of figures 3 and 4, a value of 2
15 used.

5.1,5.2.1 Desian marain breakpoint method. The DMBP method 15 generally
specified for systems with moderate totai-dose requirements (see 5.1.7)., When the
DMBP method 15 used, the value of the DMBP number 15 specified by the design
function. This number 15 the breakpoint between HCC-1M where tests are required on
each 1ot and HCC-Z where tests are not required on each ict,

The DMBP value is generally selected to represent a specific survival probability
and confidence level. Increasing this value increases the confidence that can be
placed in the HCC-2 part selection. However, 1t also i1ncreases the number of HCC-1M
part types that wi1ll reauire lot acceptance testing. Generally, 31t 1s cost effective
to set the DMBP value as low as practicable within the risk factors established by
the system requirements. An example of determining the DMBP value 15 given 1n
Appendix B, Figure 3 shows these relationships. When a part type has been
categorized as unacceptable, the corrective methods of 5.1.6 should be considered.

5.1.5,2.2 Part cateaorization criteria method. The PCC metnod 15 generally
specified for svstems with stringent total-dose requirements. When the PCC method
has been specified for categorizing the part types, 1t will be necessary to calculate
the PCC values based on the characterization data. PCC 1s used to differentiate
between HCC-1M and HCC-2. Figure 4 shows these relationships. When the
classification 1s unacceptable, the corrective methods of 5.1,6 should be considered.
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FIGURE 4. Example of & relationship betweer TDM anc the increasing PCC values,

Before the method used for determining the PCC value is presented, a discussion of
the factors used 1n the calculations are 1n order. The discussyon will 1nclude the
vartabirliity of the characterization total-dose failure values obtained during
characterization, a confidence factor, and the required survival probability.

The variability of the data 1% represented by the standard deviation, s, and 1s
calculated using the Dpagyy values described in paragraph 5.1.3.2. Because we are
dealing with the 1og normal case, this factor is represented as the Total-Dose Sample
ys which 1s the standard deviation of the logs of the

Standard Deviation, s
In{Depr
DFAIL total-dose values and 1c calculated as follows:
1/2
1 <{k r Ta T 2
s = In/D - in’D 1 eg. £.1.2
In(Dppp) VTR - T ¥:1! ( FAILD ( FAI% |
i =L J

where DFAILi is the total-dose circuit faflure 1imit for the ith device and n is the
sample size.

The level of confidence and the survival probability are introduced into the

calculations by multipliying Sin(b ) by the factor KTL'

FAIL
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The factor Kyy 1s called the one-sided tolerance limit and is selected from a table
of tolerance &1m1ts {see Appendix B and reference 14)}. This factor Ky is a

function of the sample size, n, proportion of the distribution, Ppysy, and e
confidence level C. The theory may be further explained as follows: if the
characterization test were repeated many times, 90% of the time (90% confidence) 99%

of the PARRap values would be equal to or less than the mean plus Ky times the

standard deviation, s, or X + 3.532s,

We wi1ll not present the method for calculating the PCC value using the
13 and K factors previously discussed where
ln(DFAIL) TL
K S
TL 1n{D )
PCC = e FAIL eq. 5.1.3

Increasing Pprgt and C, and consequently Ky, increases the PCC value and the
cost of tne HA program. This 1s because increasing tne value of PCC increases the
number of part applications that will be categorized as HCC-1M requiring expensive
1ot acceptance testing., Increasing the sample si1ze, n, generally will increase the
cost of the characterization test. However, thi1s added cost may be more tnan offset
during the HA phase of the program, because i1ncreasing the value of n results 1n a
Tower value of Ky_ which 1n turn may reduce the number of part types requiring lot
acceptance testing. As can be seen, the vaiues of Ppygr, (, and n seiected are a
trade-off between the Jevel of HA desired and the amount of funding available for the
HA program. The values of PpysT, C, and n need to be specifired by the design
function when the PCC method 1s used. Several examples of determining the PCC values
and categorizing part applications are given 1n Appendix B.

5.1.5.3 Sample testing. A part type classified as HCC-2 does not require lot
acceptance testing. However, where the TDM value 1s less than 100 a samplie test
should be conducted at least once each si» month periocd during parts procurement
uniess otherwise specified. The selected value of 100 1s based on past experience
and engineering judgement; however, the number should be revrsed 1f special system
requirements s6 indicate. A sample test consists of randomi) selecting & few samples
from a parts procurement, radiation-testing of the parts, and analyzing the date 10 e
ensure there have been no significant changes 1n the radration sensitivity of the
part type. If significant changes are i1ndicated, the part categorization should be
re-evaluated.

5.1.6 Corrective action. Wnenr a part tvpe 1s not acceptable, several methods may
be used to addréss the probiem {1} a substitute part type mayv be used, (2) the
circurt can be redesigned, or (3) localized radiation shielding can be added for
space radiation cases.

5.1.6.1 Part type substitution. As previously explained, there can be an extreme
variability in radiation sensitivity between different manufacturers and part types.
Consequently, 1t 1s sometimes possible to upgrade an unacceptable classification to
HCC-1M or & HCC-1M to HCC-1S by categorizing the same part type using a different
manufacturer or specifying a harder part type. Tnis 15 a very cost-effective method
of improving the radiation hardness of the circuit. However, the substitute part
type must be evaluated by characterization testing prio- to being used.

5.1.6.2 CLircuit redesign. The circurt design should be re-evaluated 1n order to
1nvestigate Thé feasibiility of redesign sc as to decrease the sensrtivity of the part
appiication (see 5.1.2).

5.1.6.3 Radiation shielding. By adding localized radiation shieiding around a
part, the total-dose radiation ievel can (1n space radiation cases) be reducec
sufficiently to allow the part type to be upgraded, depending on the part sensitivity
and the radiation type and energy spectrum. Adding shielding 15 normally a
cost-effective way to harden the system when a few radiation sensitive part types are
used, provided the system design Timits can tolerate the additional weight of the
shielding material. However, such parts must be re-characterized for the lower
total-dose level and categorized as HCC-1IM because the 1ot acceptance testing dose
level may be different from that of non-shielded parts. For systems with nuclear
weapon environmental requirements, shielding is most often impractical due to the
high penetration of the nuclear radiation. —
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5.1.7 Systems with moderate total-dose requirerents. The following discussion is
lTimited to systems with moderate total-dose requirements such as encountered in
manned ajrcraft or ground equipment. Under these circumstances, most electronic
piece parts are not a total-dose radiation problem; notable exceptions are parts such
as unhardened metal-oxide-semiconductors (M0S), and large and very large scale
integrated circuits (LSI and VLSI) which can be sensitive at very low levels of
total-dose radiation (see 5.1.1.1 for a further discussion of this subject}. For
moderate total-dose levels, except for very sensitive part types such as previously
discussed, sole-source procurements may not be necessary and other qualified vendors
should be evaluated as second sources.

Generally, for systems with moderate requirements, ei1ther the breakpoin* method of
categorizing the parts appiications {see 5.1.5.2.1) or the asttributes method of lot
acceptance testing {(see 5.1.8.1.1) should be consiaered for the majority of parts.

If very sensitive parts are used 1n the system, the PCC method of categorizing the
part type (see 5.1.5.2.2) and the variables method of 1ot acceptance testing (see
5.1.8.1.2) should be applied.

5.1.8 Hardness assurance considerations. The most cost-effective approach to
piece-part HA 75 to determine tne requirements once during the design phase of the
program and then to use these same requirements for all future HA parts procurement
activities For this to be done effectively, the pirece part HA requirements must be
compiete and be i1ncluded as part of the HADD information, so that no additional
design activity or part characterization 1s required during the system production and
HM procurement phase of the program.

5.1.8 1. Hardness assurance testing. In order to minimize the amount of
radyation HA testing, a1 applications for & given part type parameter should be
evaluated at & single total dose, us'ng one radiation lot acceptance test. This can
normally be done by using the worst case bias conditions during 1rradiation. The
details of how this 15 done needs to be specified and 1ncluded as part of the HADD
information furnished the HA activity.

1 8 1.1 Testino-bv-attributes In order to perform the HA 1ot acceptance
testing, 1t 15 necessary for tne desigh activity to specify the method to be usec and
the Tot acceptance criterion. For systems where the required part survival
probabilities are low a testing-bv-attributes, Lot Toterance Percent Defective (LTPD)
method using & zero acceptance number as described 1n Appendir B of MIL-M-38510
should be considered. Table XV, Appendix B of MIL-M-38510. T1sts the minimum size cf
samplies to be tested to assure, with 90 percent confidence, that a 1ot having percent
defective equal to the specified LTPD w111 not be accepted. The accept-reject
criterior normaily s determined from the characterization test dats and th> worst

case circuirt analysis.

5.1.8 1.2 Testing-by-variables. Where the required part survival probabilities
are higher, the testing-by-variabies method 15 more appropriate. Since
testing-by-variables makes greater use of the 1nformation concerning the 1ot than
does testing-by-attributes, the variables method provides higher confidence and
survival probability for a given sample s1ze It should be po'nted out that both the
attributes and variables test methods reguire radiation 1ot acceptance testing. The
basic difference between the two plans 1s that the variables plan requivres that the
accept-reject criterion be calculated from the lot acceptance test data. Severa)
examplies of testing-by-variables are given 1n Appendix B of this document.

5.1.8.2 Hardness assurance jnformation. As a mimimum, the information given in
4.2 needs to be specified by tne desigr function so that the prece part HE activities
can be properiy carried out Tn1s information 1s normally supplied as part of the
HADD package.

5.2 Piece part radiation hardness assurance. This section provides the necessary
information for carrying out the piece part radiation activities of a HA program,
provided the provisions of 4.2 are documented by the system design function as part
of HADD. The piece part HA program 1s i1ntended to ensure that the system retains the
radiation hardness level designed into it and is carried out during the production
phase and piece part procurement for the hardened system. However, if all of the
design phase HA requirements (1isted in 4.2) are not provided, it will be necessary
for the HA function to supply the missing requirements on the basis of the methods of

LI Y
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5.2.1 Lot acceptance criterion for testing-by-attributes. This criterion is
either a maximum or minimum parameter value provided by the design function. In the
case of a maximum value, the entire 1ot of parts is rejected if one test sample
exceeds it. In the case of a minimum value, the entire Tot is rejected if one test _

sample is less than that value. S
5.2.2 Lot acceptance criterfon for testing-by-variables., (At this point it is
suggested That the reader review the symbols and definitions in section 3 and the
procedures of 5.1 before continuing. Also, examples are given in Appendix B.)
§,2.2.1 Parameter testino method. The acceptance criterion {s calculated from
the lot acceptance test data for & given PARpay; value. For the case of testing at
a single total-dose the 1ot acceptance criterion 1s:
PAREALL F1L51n(PARG, ) ;
DM{LOT) = ———— > e
NRLILLLIYEY
for increasing parameter values, and
InTPAR R AD) KTLS1n(PARG,,)
> €
DM(LOT) = “ppp———
FAIL
for decreasing parameter values,
where:
n
In(PAR. o) = = 1n (PAR \ eq 5.2.1
RAD' * ' RAD, 6 .. —~—
1=1 /
and
L 2 11/2
[
s = 1 3 Irn [ PAR - Thn7PER
In(PARp ) TV\Tr =TT = ( RA01> RAD)] eq. 5.2.2
for the lot acceptance test data. KTL 1s taken from Appendir B, Table XV for the
specified values of C, PDIST' and n.
§.2.2.2 Total-dose-to-failure method. For the case of multiple
total-dose-to-far1lure-testing, the criterion 1s5°
LHTIN MLSin(D )
o FAIL
TDH(LOT) = e 2
SPEC
where
n
—_— ]
A ) == 9. I (o ) eq. 5.2.3
FAIL n FAIL
=1 i —
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me

and

1/2

n 2
s 1 1n(D - Tafb eq. 5.2.4
In(0pp ) = { Ty 12:'1 FAIL, (PrarL)

for the lot acceptance test data. Examples of the use of the above criteria for lot
acceptance are contained 1n 50.3 of Appendix B.

An effort should be made to run the tests up to a total-dose value, which 1s
sufficiently large so as to make all parts achieve a total-dose value, PARFA]L.
However, there may be cases where this 1s not possible and where only a oportion of
the parts has failed. In such a case, 1f a sufficient number of parts have failed,
then the fluences-to-failure of those parts can be used. If the test has been run up
to ten times the specification total-dose value, Dgppc, and less than five parts
have failed, then the characterization should pe done 1n terms of the values of the
parameter PAR at the total-dose value, Dgpgg, 1nstead of 1n terms of failure

fluences.

5.2.3 Hardness assurance testing. HA testing consists of either let acceptance
testing for RCC-IN parts, or sampie testing for HCC-2 parts. The majority of the lot
acceptance testing 1s at a single total dose although, occasionally,
total-dose-to-failure testing may be required. A1) HCC-2 sample testing i1s normally
carriec out at a single total dose. Both types of testing are in accordance with MIL-
STD-883 or MIL-STD-750, method 1019 and then details provided 1n 4.1,

Lot acceptance testing consists of randomly selecting sample parts from a lot to
be evaluated, radiation-testing the parts, analyzing the data, and accepting the
entire remaining lot of parts 1f the test data meet tne acceptance criterion (see

5...2). Otherwise. tne lot is rejected.

Sampie testing consists of randomly selecting & few samples from a parts
procurement, radiation-testing the parts, and analyzing the data to ensure that there
have been no significant changes 1n the radiation sensitivity of the part type since
the design phase characterization tests. If significant changes are i1ndicated, the
part categorization must be re-evaluated.

£E.2.4 Hardness assurance data analysis. HWhen the testing-by-attributes method s
used, the data 1s recorded at the specitied total-dose value. The lot 1s accepted 1f
the po;t radration parameter data meets the specifired acceptance criterion (see
5.2.1.).

When a testing-by-variables method 1s specified, the test 1s conducted erther at a
sinagle total-dose or at multiple total-dose-to-faillure levels. For a singic
total-dose test, data analysis consists of using the Radiation Induced Parameter

Values PARpap for calculating the Design Margin, DM(LOT) and

Koy S
TL ln(PARRAD)

The 1ot 1s then e1ther accepted or rejected using the criteria of 5.2.2.

For the case of testing at multiple dose levels., the PAR$AD versus total-dose
values are plotted on graph paper, along with a horizontal line representing the
Parameter Faillure Yalue PARFa7L. The total-dose values where PARppp, for each
part, intersects the PARpp71yL ‘%ne are called the Total-Dose Circuit Failure Values,

DparL- The DpapL values are used to calculate the Total-Dose Design Margin,
TDhiLot), and

Kyi s
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The 1ot is then efther accepted or rejected using the criterion of 5.2.2.
Appendix B shows several detailed examples of using data analysis for lot acceptance
testing.

5.2.5 Combining data. In order to increase the effective sample size and achieve
a better characterization of a given product line, 1t is desirable to combine the
data from different tests, where practicable. The combined data may greatiy increase
the confidence that can be placed 1n the test results. When sufficient data have
been accumulated for a particular part type, the part characteristics and
categorization should be re-evaluated It may, for example, ther be possible to
reclassi1fy HCC-1M part types as HCC-2 or to eliminate the need for periodic sample
testing of HCC-2 part types.

Before the data from different lot-acceptance tests can be combined, the data must
represent the same part type, bias conditions, and radiation environment for each
vendor being evaluated.

5.3 Pirece part hardness assurance management. The primary prece part HA
management function is to establish and monitor the HA requirements for the
productron, and maintenance phases of the program Management personnel must ensure
that all necessary HA requirements are furnished to the HA production and maintenance
functions so as to preclude th need for additronal design activity or therr part. In
addition, any relevant HA experience developed during the production phase of the
program should be documented and passed on to the maintenance function

5.3.1 Procurement procedure. Detailec procurement procedures are bevond the
scope of tnis document. The following 1nformation 1s offered as Yimited guidance for
the procurement of HCC-1 and HCC-2 parts, as defined in 5.1.5. Definitions of the
procurement, inspection, and wafer lot are given 1n MIL-M-38510 ang MIL-$-1950¢C

5.2.1.1 Hardness critical category 1M parts Where practicable, all HCI-IM parts
are procurred, using single-wefer lot-conformance testing Single-wafer lot testing
consists of sample-testing dice from & singie wafer, with the dres mountecd r
separate packages to facilitate testing If the sampie devices pass the ot -
acceptance test, the single wafer Jot 15 accepted future devices fabricateo from the
wafer are acceptable. If the sample devices fail the lot acceptance test, tne wafer
18 rejected, and devices fabricated from the wafer are not acceptable

An excevtior to single-wafer 1ot testing woulid he the case of large-scaie
integrated circuits, where a wafer may consist of only a few devices (c rcuits) In
this case, 1t may be necessary to evaluate a diffusion run of several wafers for lot
acceptance testing.

Production 1ot or inspection 1ot control 15 acceptable only when the vendor 1s
unwilling to supply the device 1n wafer Jots or there 1s & severe Cost restriction
1mposed by the system. In production or i1nspection lot acceptance testing, the
entire Jot of devices is accepted 1f the sample devices pass the acceptiance test
requirements, otnerwise, the entire 1ot of devices 1s rejected The samples must be
randomly selected from the production or 1nspection lots.

5.3.1.2 Hardness critical category 1H parts These are otherwise non-critical
parts that are hardness dedicated anc their oniy function 1s %¢ protect the circulrt
from specific radiation responses. Tnev are included in hardness critical category !
for svstem HA confyquration and parts contrel purposes only.

~

2 3.1.,3 Hardness critical categorv 1S parts These gre sole-source parts, that
1s, parts whose radiation characterizationr tests incicate that only one manufacturer
can meet the radiation response requirements of the system. They are included n
hardness critical category 1 for system HA parts control purposes only.

5§.3.1.4 Hardness critical category 2 parts. Where practicable, hardness critical
category 2 parts should be procured directly from the manufacturer, represent current
production, and i1nclude the manufacturer's assurance that the procuring activity will
be advised regarding process changes. As a precautionary measure, HCC-2 parts, where
TOM 1s less than 100, should be checked i1n a radiation environment at least once each
six months and also after known process changes (see 5.1.5,3).
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5.3.1.5 Hardness non-critical parts (HNC). When TDM is greater than 100 the
parts are considered non-critical (see 5.1.5).

5.3.2 Hardness assurance testing. A11 HA total-dose radiation testing is carried
out in accordance with MIL-STD-883, method 1019 or MIL-STD-750, method 1019. The
test agency which carries out radiation tests is an important consideration., It is
best 1f the vendor could do the radiation tests because such an arrangement results
in fast 1ot acceptabiiity and lower overail costs. However, most vendors have no
radiation testing capability. Therefore, the tests must be done by the user or by a
third party who nas such a capability. The details of who does the testing. and
where, mav vary considerably from one device to another, but the final decision on
testing must be made by tne procurement agency.

Timing of the radiation test may also be an important consideration. Tests should
be conducted as early as possible in the program so that 1ot failures will be known
early and not 1mpact the system production schedule. Failure of a lot sample means
rejection of the entire 1ot. Fairlure of a significant percentage of lots may require
a decision by the procurement activity to reclassify the device as not acceptable,

Where possible, arrangements should be made with the parts vendor to obtain early
pachage samples from the production line for radiation testing. This should be done
1mmediately after dicing, with the remaining dice held in storage until the results
of the radiation lot acceptance tests are known. Failed Jots may then be diverted to
non-radiation usage without extra cost to the project, replacement lots may then be
starteg through the line.

To ensure the integrity of the HA program, the procuring activity needs to define
a vendor and radiation test-surveillance procedure.

5.3.3 Hardness assurance costs. The guidelines set forth 1n this document are
intended tc marimize the leve! o° HA attained for the funds expended. When HA costs
are considered, the overall design production and maintenance i1nterrelatiyonship must
aisc be corsidered. Every effort must be made to minimize the very expensive lot
acceptance testing For example, the additional cost of using a radiation hard part
or smecial circurt design may be well just-fied 1f 1ts use preciudes future lot
acceptance testing. Each part type, vendor selection, circurt design, and
applications must be evaluated regarding the effect 1t has on tne cost of the
production and maintenance phase of the program.

5.3.4 Documentatyon. In addition to the normal HA documentation, it 1s i1mportant
to 1nclude additional documentation fo» the vendor wafer-lot sampling procedures and
for the radvation testing. Tne documentation should be sufficrent to ensure the
vendor's compliance with the wafer-lot sampling procedure and to maintain a permanent
record of the program's history. Radration-testing documentation should be
sufficient to ensure that the test agency 1s 1n complete compliance with the system
test requirements. 1In addition, 1t w:ill be necessary tc provide the details for each
device type for the requirements o MIL-STD-883 and MIL-STD-750, method 1019, steady
state total-dose 1rradiation procedure.
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APPENDIX A

ELECTRONIC DEVICE CHARACTERISTICS IN AN
IONIZING RADIATION ENVIRONMENT

10. GENERAL
10.1 Scope. This appendix details the more i1mportant parametric variables,
typical values of hardness, and related data 1isted by generic ciass in an 1onizing
radiation environment at room temperature.
20, REFERENCED DOCUMENTS
Not applicable.
30. DEFINITIONS
Not applicable.
40. GENERAL REQUIREMENTS
Not applicable,
50. SPECIFIC SEMICONDUCTOR DEVICE RESPONSE

50.1 Bipotar transistors.

50.1.1 Introduction. Decrease in current gain and increase n Jeahage current
are the most serious problems encountered in an 1onizing radiation environment. The
1oss 1n gair 1s least at the current levei of maximized gain agnc 15 most severe at
Tow current itevels. Table I summarizies the sensitive parameters of bipolar
transistors.

TABLE I. Summary of radiation-sensitijve parameters bipolar transistors

PiL-STD-750

| i :

f Parameter T fetnod | Symbol T Parameter |

f | | | change !

T H ! ! I

| Forward current transistor ratio | 3076.1 : nEg i Decreases %

| f

[ Coliector to base cutoff current |  3036.1 | icgo | lIncreases |

! | [ !

Collector to emitter cutoff f 3041.1 | Iceo | Increases :

% current } % 1 i

} Saturation voltage I 3071 % Vot(sat) : Increases |

| |

| Noise voltage and current | 3286.1 i --- f Increases f
[ | |

The changes described depend on the device type, manufacturer, date of productior
of the devices. and the bras conditior during *rradiation Any c¢f these variables
can be the most important factor in any one case. The mair factors which contrel the
changes n the electricai properties of bipclar transistors for the long-term
rontzation effect are the burldup of trapped positive charge 1n the ox1de near the
silicon surface and creation of surface states at the silicon-silicon dioxide
interface. The manufacturer's processing steps and resultant oxide quality have
therefore a major impact on the resultant radiation hardness. This 1s why such wide
variations 1n radiation hardness exist between the products of two manufacturers
supplying the same part type. Even within a manufacturer's own product over a
significant length of time, there can be large differences in radiation hardness.
Within a given date code lot, there is also significant variation in the radiation
response, which obeys a log normal distribution (reference A-1).
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The following steps should be taken in selection of radiation resistant device
types and suitable operating conditions (reference A-2

a. Give preference to silicon passivated devices, since they appear to be
less sensitive to 1onizing radiation surface effects.

b. Select devices with high cutoff freguencies.

c. Select transistors with low breakdown voltages.

d. Give preference to epitaxial construction, if available, for the
particular application.

e. Provide ample base drive for transistors design to operate in saturation.

50.1.2 Gan.

50.1.2.1 Dependence on collector current. Bipolar transistors degrade in an
10nizing radiation environment Dy an increase in the base current at a fixed
collector current, Iz. It can readily be shown that the radiation-induced excess
base current is proportional to the change in reciprocal dc¢ gain, hpg, which is
denoted by a{l/hpg). Figure 5 gives the mean value of a{l/hpg) for different
device types, after exposure to 125 krad(S1), as a function of the collector
current. The decrease 1n damage rate witn 1ncreas1f? collector current is apparent
in all devices, (1/hgp) varies apprgximately as I¢- 2.  Most devices fall
below the line (1/hFE§ = 0.01 Ic-172, where Ig 15 in mA but a few devices
exceed this line considerabiy. Figure 6 shows the var1atvon in radiation response of
2N2222 transistors with collector current. The data 1s from two manufacturers, with
one manufacturer's 1ine quality shown over an extended period of time.

50.1.2.2 Dose. 4{1/hfp) commonly shows a sublinear dependence on the total
dose below 10% rad(S1) (see figure 7). However, the slope of the curves varies
widely on different product1on Tines with exponegts in the range from 0.5 to 1. A
superlinear dependence 1s sometimes seen. By 10° rad(S:), the r10n1zing radiation
effects tend to saturate.

5C¢.1.2.2 Bras conditions du=ing 1rradiation. Bias conditions on devices during
irradiation are one of the most i1mportant considerations for i1rradiated devices
(reference A4 to A6). The following bias states are listea 1n 1ncreasing order of
severity of radiation damage:

a. Both junctions forward birased.

b. Passive irradiation with all terminals shorted.

t. Collector-base junction reverse brased, base-emitter junction
forward biased.

d. Collector-base junction reverse biased, base-emitter junction
shorted.

e. Collector-base junction and base-emitter junctions both reverse
biased.

The reduced dc gain that results from ionizing radiation is fairly stable at
ambient temperatures, but the effect anneals out rapidly at elevated temperatures.
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FIGURE S. Mean a(l/hpp) vs Ig for different bipolar
transistors ireference A-3}.

50.1.2,4 Saturated and unsaturated operation. Although devices biased 1nte
saturation during radration show the greatest radiation effects, devices 1irradiated
under more severe radiation bias conditions may show @ significant degradation i1n the
unsaturated dc current gain. Experimental data has shown that the degradation n
saturated current gain 1s ei1ther equal! to or greater than the corresponding
degradation 10 unsaturated current gain and that thic degradation tenas tc 1ncrease
the Tower the colliector voltage.

1 .
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FIGURE 6. Typical ronization effects 1n 282222 bipolar transistors from two
manufacturers (A and B), variation with time for manufacturer A.
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50.1.2.5 High current gain. The degradation in dc gain is a minimum at the
current level] I¢, where the pre-frradiation gain shows a peak. At still higher
current Tevels, the radiation sensitivity increases. Wilson and Blair have shown
that at high current levels the increase in base current required to keep the
collector current constant during irradfation will lead to a widening of the
effective base width by the Kirk Effect (reference A-7). The widening occurs when
the injected minority charge density in the vicinity of the collector space-charge
region becomes comparable to the fixed space-charge density found there.  This occurs
in typical silicon devices at current densities on the order of 1000 A/cm2. The
heavy concentration of minority carriers tends to i1ncrease the effective charge
dens1ty ir the space-Ocharge region next to the base and to decrease 1t next to the
collector. This causes the space-charge region to shift toward the collector body,
and thus the base 1s widened. The wider base causes & reduction in current gain.

10”! 1 T
1
): e
1072 - -
Ic= 60 xA |
Lannd i
w I
[V i
&= i
S »
b oI mA
> c |
i
et b T
104 ! |
25 25 250

RADIATION DOSE, krad (St)

FIGURE 7. Log normal mean vs total dose for 2N2222 transistors operating in
unsaturated mode at Ycp = 40 V at 3 collector current levels.

50.1.2,6 RF gain. Changes ir RF gain are considerably less than the
corresponding changes 1n dc gain. The current level of RF devices 1s normally chosen
toc optimize the power gain. This ievel usually produces minimum radration damage and
maximum annealina. Moreover, the structure of high-frequency devices minimizes the
effect of damage.

50.1.3 Leakage currents. Surface ionization produces leakage currents in all
semiconductor devices, which may vary by eight orders of magnitude depending on the
device structure, surface conditions, and bias voltages. Leakage currents in excess
of 10 mA can result in total destruction of the device., This may be avoided by the
use of passivated silicon surfaces and low bias voltages. Leakage currents generated
in passivated silicon surfaces are very dependent on the 1mpur1t?es introduced into
the silicon oxide layer during manufacture.
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50.1.3.1 Anneal. Leakage currents decay rather rapidly after removal from the
radiation fieTd. For this reason, leakage current measurements may need to be made
immediately after the irradiation to simulate the radiation source. The leakage
current anneals in the absence of radiation and more rapidly after removal of the
bias voltage (see figure 8, reference A-8). When the bias voltage is restored, the
leakage current will return asymptotically to 1ts former value (memory effect).
Passage of forward current across the junction will restore the leakage current to
within one order of magnitude of its original value.

50.1.3.2 Saturation. At a fixed flux rate, the leakage current produced under a
given bias condition will saturate after some period of time and will ultimately
decrease. The saturation level and the time regquired to reach saturation depend on
many parameters, including the condityon of the ox>de, the bias voltage, the dose
rate, and the temperature.

50.1.3.3 Icgg» Iceps Igpo. Although the radiation-induced lealage current
degradation s o?ten sgown as lcpg, the degradatyon on Icpg 15 even greater,
since this s equal to Iggp amp¥19ied by the current gain (reference A-9). On the
other hand, the leakage current across the base-emitter junction 1s usually
negligible. Figure 9 illustrates the relationship of the forward and reverse
currents in an jrradiated PNP transistor as a function of applied voltage.

1o =3 B 1 3‘
D E
v = Y
10 =4 ce= 10
| EYectron | Transistor | D
|  beam ! wvoltage | Duratior %
r i : !
=AML OFF 1 oFF 1 2 1
0 -5 B8 | OFF ! OFF | 14r —
E CC 1 ON b OFF 50 mn ¢ |
; oo OFF | OFF 114,58 » :
- tE | ON ! OFF [ (I -
- 7
106 -é
< 3
:
07 —:J
]
-
o8 =
¢ :
< .
¢ — R
| ¢ ]
o~ -3
A FLUX =
il 25 rad (Si}/s ' 100 rod (Sii/s
‘io-lo 1 {
25 25 250 2500

TOTAL DOSE, krad {S{)
FIGURE 8. Annealing effects produced by time and yrradiation without bias

vol tage. 1268 vs total dose on an NPN planar transistor
{reference A-8).
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FIGURE €. ceakage currents of an 1rradiated pianar PNF transistor.

Bias during irradiation’ V;g = -6V, ip=0atas
total-dose = 5 Mrad{S1) (reference A-8).

50.1.4 Breakdown voltage. Radiation produces only slight changes in the
breakdown vGItage ofr a transistor whose breakdown voltage charcteristics before
1rradiation exhibit a sharp knee. There is a slight increase in the breakdown
voltage accompanied by a softening of the knee, caused by the increased leakage
current (figure 10). If the pre-irradiation breakdown characteristics are erratic or
exhibrt a rounded knee, the combined effect of radiation and the application of bias

1s unpredictable.

50.1.5 Second breakdown, At emitter-collector pias voltages above about 15
volts, t1onizing radiation will produce large leakage currents in many planar
transistors. These currents may ultimately cause the emitter and collector
short-circurt due tc second breakdown. This 1s a catastrophic failure of the
transistor, which occurs when too much current is passed with the emitter-collector
reverse-biased (reference A-10, A-11).

The thresnold current for second breakdown 1s & function of the bias voltage - the
greater the voltage, the lower the threshold. Radiation considerably lowers the
threshold current at a given voltage (reference A-12, A-13). Second breakdown has
been observed in a number of devices during irradiation. If not arrested i1n time, it
may lead to a permanent short-circuit, since the heat generated cause the
gold-germanium alloy under the sflicon chip to melt and cover the glass insutation
that separates the emitter terminal from the rest of the header., The two most
important transistor design parameters with respect to second breakdown are the
quality of the oxide and the geometry, which should be chosen to minimize the drift

fields at a given applied potential.
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FIGURE 10. Collector-base breandown voltage of a 2N1613 transistor.
81as during 1rradiation  Vggp = 10V, Ip = 5 mA
at a total-dose = 2 5 Mrad(S1) (reference A-9)
After the transistor type has been chosen, the following guiadelines may be useful
in the selection of individual components and bias conditions:
Choose transisters with the lowest igcge at the operating bias
voltage. Such units are least likely to reach the threshoic for
second breakdown,
Choose transistors with the lowest dc gain - the higher the gain, the
higher the leakage current.
Reduce the base-emitter resistance to the lowest possible value. This
not only reduces the collector leakage current under irradiation, but
also raises the threshold for second breakdown.
Reduce the collector-emitter voltage to the lowest possible value.
Limit the collector current to the lowest possible value.
o’
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50.1.6 Collector-emitter saturation voltage. The collector-emitter saturation

voltage, chﬁsat), Ts sensitive to 1onizing radiation since it is a function of
hpp. When the transistor gain falls below the current gain of the test circuit,

ch increases rapidly and will ultimately reach the supply voltage or breakdown
voltage VCER.

50.1.7 Base-emitter voltage. The base-emitter voltage, Vgg, is slightly
affected by jonizing radiation.

50.1.8 Swsitching times. Ionizing radiation has only a slight effect on switching
times. This effect depends on the parameters of the test circuit. There 15 a slight
decrease in storage and fall time and an i1ncrease 1n rise time. The latter is caused

by a drop in dc gain.

50.1.9 Noise. Both PNP and NPN transistors show an increase in noise voltage and
noise current at dose levels above 10% rad(Si). PNP transistors generally degrade
faster in noise at lower doses than NPNGtrans;stors (reference A-14). The noise
increase levels off at approximately 10° - 10/ rad(Si) for both types.

50.2 Junction gate field effect transistors. Junction-gate field effect
transistors [JFET] have a considerably highér tolerance toc radiation-induced bulk
damage thar bipolar transistors, since they are majority-carrier devices. However,
n-channel devices with light doping in the gate regron, are particularly susceptible
to radiation-induced inversion effects. Such devices possess a relatively high gate
breakdown volitage. In n-channel JFETs the positive space charge generated 1n the
oxi1de 1nduces an n-type 11nversion layer on the surface of the p-type gate region
wihch generates leakage current upon back biasing the junction {reference A-8). On
irradiation with the gate junction back biased, the gate current {Igg) may increase
sometimes well above 1 uh at 200 krad{Si1), accompanied by similar changes 1n the
drain current {Ipg). The gate leakage currents of most p-channel JFETs are less

i

thar 3 nh at 2.5 Mrad{Si).

The novse voltage at 10 Hz 1ncreases considerably in some irradiated devices,
whereas the high-frequency noise figure 1ncreases only slightly. Low-frequency (1/f)
noise 15 related to changes 1n the surface conditions, brought about by the
1rradiation which influences the 1/f noise {reference A-9). Since they are
majority-carrier devices, fi1eld effect transistors have a considerably higher
tolerance to bulk damage i1nduced by electron irradiation than bipoiar transistors.
Table Il summarizes the sensitive parameters of JFETs.

50.3 Linear 1ntegrated circuits. Most linear devices are used in the form of
high-gain ampTifiers, often in conjunction with very low 1nput currents.
Consequentlv, gain degradation and lTeakage effects affect their operation. CMOS
Tinear devices are even more sensitive to i1onizing radiation.

TABLE 1I. Summary of radiation-sensitive parameters, JFETs.

leakage current

| I MIT-STD-750 |
! Parameters T~ Method | Details at 25 C [~ Symbol T Parameter |
I | | | [ change |
| | | | | |
T [ T T I I
| Gate te source I 3414 | ¥gs, ¥ps = 0O V I lgs | Increases |
| leahage current | ! l | l
| i | i { l
} Drain to source | 3415 | Vps, Vgg = 0 ¥ I Ips | Increases |

I | | | |
| I I | | I

There is considerable information on radifation effects on operational amplifiers,
comparators, voltage regulators, and analog switches. However, detailed information
on total-dose irradiatfon is very limited for the following devices: voltage
followers, current switches, A/D converters, D/A converters, sense amplifiers,
Rh§%?-1OCked loop, voltage-controller oscillators, amplifiers, and mixers (reference
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50.3.1 Operational amplifiers. Total-dose radiation data is available on the
following three types of operational amplifiers: medium offset current operational
amplifiers with input offset current greater than 1 nA; low offset current
operational amplifiers with input cffset currents less than 100 pA; and JFET input
devices with input offset currents of less than 10 pA. These are the pre-irradiation
values of input offset current. Table III summarizes the sensitive parameters of
operational amplifiers.

TABLE III. Summary of radiation-sensitive parameters, operational amplifiers,

] i WIL-510-883 !
] Parameter [ Method i SymboT i Tarameter change |
| : | | -
| Offset voltage l 4001 l Vos - |
} 0ffset current % 4001 } Ins ‘ a %
E Input bras current } 4001 i Ig E Increases %
| Open loop gain | 4004 ! Avol | Decreases |
} Output sink current } -~ % Isink E Decreases }
E Output source current? -~ i Isource } Decreases |

3The change may be positive or negative but the absolute ¢ change 1ncreases.

50.3.1.1 Low “nput offset currenrt operational ampliifiers. Low input offset
current operational amplifiers are exiremel) sensjitive i¢ 1onizing radiation
{reference A-16, A-17). Even at comparativeiy low fiuences, theve 1s a significant
change 1n the dc parameters, causting them to exceed the specification 1imits. Alsc,
at these radiation levels, some device types may exhibit faiiuve modes that renaer
the devices i1noperative.

Table IV Tists typical values for two types of low 1nput offset current
operational amptifiers, from three different manufacturers, when i1rradiated to 10
rad{Sy).

6

TABLE IV. Low 1nput offset current operational amplifiers
irradiated to 1UY radisyy).

TRanufacturer | ] T T ] I
| and [sVps {mV) lalgs {na) lalp  (nA) [+AygL (dB) | -AyoL (dB) i
|device type | ] | [ 2 mA 1oad | 2 mA lYoad |
| ! | | | I |
T ] [ I T { i
| A | 0.17 | 0.13 | 8.0 X 9: | a5 i
| ! | ! i ! |
| b } 20 | 20 i 200 ! 60 | Faill I
! | | ! ' | |
i < | Fail \ Fail ' Fail [ Fasl ! Fail |
! | ! ! | f {

Some of these device types have been successfully hardened by several manufacturers.
Yet, there 1s st111 a wide divergence of post-irradiation shifts i1n parametric values
between wafer lots. Radiation quality conformance tests are required.

50.3.1.2 Medium input offset current operational amplifiers., The greatest number
of operational amplifiers falls into this medium Tnput offset current group. Table V
1ists typical values for three different operational amplifier types from three
different manufacturers,
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TABLE V. Medium input offset current operational amplifiers
at various doses of radiation.

[Manufacturer T Total T I [ | !
'}dewz:"me {I SHES me) ;Am g%) ! "BV0K 1893 ! “BV0k 1599 |
1r A .r 1 x 106 Tl 1.5 li 2.5 |r 100 : 82 1| 84 T
% B Il 1.2 x 105 % 4.3 } 50 { 650 l| Fail Il Fa1l }
i cb E 1 x 106 ll 0.88 i 44 {‘ 52 5 102 E 109 E

bdeveloped for military systems-

Some of the devices are severely degraded at 50 krad{Si1). However, several
manufacturers have hardened some of these device types. As for the Tow i1nput offset
current devices, there are wide divergencies of post-irradiation shifts in parametric
values between wafer lots, and radiation quality-conformance tests are required.

Also included 1n this group are the specially hardened operational amplifiers
developed for military systems (reference A-18)., These devices have small parameter
degradation to 109 rad(Sy).

50.3.1.3 FET input operational amplifiers. These devices use JFET inputs and
conseauentiy have very 10w (phjJ initial input offset currents but degrade rapidly
with radiation dose {(reference A-8). Bias current on some devices increases 1000
times at 30 krad(Si), and most devices are catastrophic failures at 125 krad(S1).

50.3.2 Comparators. Total-dose radiation data 1s available on the following two
tvpes of comparatovrs medyum offset current comparators with input offset currents
greater than 100 nA and Jow offset current comparators with input offset currents
less than 100 nA. Table VI summarizes the sensitive parameters of comparators.

TABLE VI. Summary of radiation-sensitive parameters, comparators,

MIT-STD-883 i

v

! Parameter | "Method Symbol il Parameter change

T T l

| Offset voltage | 4001 | Vos I c I
| I | |

| 0ffset current | 4001 | Ips | ¢ !
{ ! I | l
{ Input hias current | 4001 | Ig ! Increases }
| | | |

| Open loop gain ! 4004 | Ayol ; Decreases {
! i f

¥ Dutput sink current } -- | ISink } Decreases ;
! !

} Qutput source current # -- } Isource ; Decreases }

CThe change may be positive or negative but, the absolute ¢ change 1ncreases-

50.3.2.,1 Medium offset current comparators. Comparators with medium input offset
current, 1.e., LM106 and LM710, remain within manufacturers specification at least up

to 250 krad{Si).
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50.3.2.2 Low offset current comparators. Comparators with low input offset
current, i.e., LmI1T and LMI39, are sensitive to ionizing radiation. The LM111
experiences considerable increases in the dc parameters for most manufacturer's
devices. However, several manufacturers have made devices hard to 10° rad(Si).
The LM139 devices are extremely dependent on the bias conditions during 1rradiation.
Several manufacturera produce an LM139 which remayn within manufacturers
specifications to 10° rad(Si) (reference A-16).

50.3.3 Voltage regulator~s. Voltage regulators are relatiyvely unaffected by
ronizing radiation. The line and load regulations of LM723 change by less than 0.03
percent at 125 krad{(Si). The stability of the LMIOS 1s even better (<0.015 percent
change). The LM103 regulator dirode 15 known to remain within manufacturers
specification to 2.5 Mrad{Si).

50.3.4 Voltage followers. The LMI02 voltage follower remains within
manufacturers specification to at least 250 krad(S1).

50.3.5 Analog switches (references A-3).

50.3.5.1 Analog switches without MOS devices. Such devices usually consist of a
driver circuit and JFLT switching circuits. They are frequently of hybrid
construction. Increased leakage yn I¢(off) 15 caused by an 1ncrease in gate
leakage of JFET's under 30V gate byas. Leakage currents up to 25 nk are observed 1n
the device types DG129 and DG133, and leakage currents up to 50 nh are measured 1n
the DG141 when the devices are yrradiated to 125 krad{S1). The worst-case bias
condition during radiation 1s with the i1nputs 1n the off condition

50.3.5.2 Analog switches containing MOS devices Analog switches containing MOS
devices are very sensitive to ragilation, but the effects vary strongly with the bras
conaition during radiation, the bias conditions during measurement of the electrical
parameters, and also with the manufacturer. Hardness of these devices 1s strongly
dependent on the processing steps, which vary widelv betweer manufacturers I
avnamic test indicated that the DG161 aevice can latch up at about 125 krad{S1),
producing lg(off) and IQ(gff) currents up to 1 mA  The DGM11l and the DG125
showed 1ncreases up to 3.5 ki 1n rpg(qp) at 125 kradi{S1), but this parameter 15
very dependent on bias conditions ?*e?erence A-15)

50.3.6 Current switches. The allowable error 1n the current switches 15 usually
expressed 1n terms of fractions of the least significant bit (LSB), witnh normal
allowable errors being of the order of 1/2 LSB. The L5B error 1s due to a decrease
1n the LSB output current. A radiation-induced leakage path produces a 10ss 1n
collector current, which causes the device to be completely 1noperative at 250
krad(S:1) as the LSB current drops to zero. No problems have been observed in current
garn, logic threshold, output leakage current, or response time.

50.3.7 A/D converter. Most A/D converters are sensitive to an 10n1zing
irradiation environment, CMOS devices are very sensitive while bipolar devices are
significantly harder. Table VII 11sts the A/D converters recently tested and their
reported hardness
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TABLE VII. Summary of A/D converters.
I Reésorution 1 I Reported I
| {bits) [ Technology | hardness {
: | | }
| 4 | bipolar | 300 grad(Si) (
} 8 E bipolar 2 75 krad(Si)d f
: 10 : 12¢ i' 75 krad(si)d }
: 10 } CMOS : 3 krad(Si) {
} 10 } CMOS { 6 krad(S{) {
; 12 { 12L hybrad } 30 krad($1)d {
} 12 ll hybrid } 10 krad(si)d {
E 12 1: hybrid g 75 krad($1)4¢ g

dsome parameters out of manufacturers specification:

50.3.8 D/A converter,
irradiation environment.
their reported hardness.

Most D/A converters are sensitive to an ronizing
Table VIII 1ists the D/A converters recently tested and

TABLE VIII. Summary of D/A converters.
T ResoTution : { Keporiead |
; {b1ts) { Technology # hardness :
; 8 } bipolar % 75 krad(S1) }
{ 8 { bipolar : 75 krad(S1)¢€ é
i 8 ; bipolar { 75 krad{S1)® }
! 10 : CMOS { 10 krad(S1) {
} 12 } CMos { 10 krad{$1) ;
i 12 E bipolar i 15 krad(Si) {

€Some parameters out of manufacturers specification:

50.3.9 Sense amplifier,
the spontaneous switcnhing time.

krad{S1) but reverted close toc 1ts pre-irradiation level at 125 krad{Si).

In 38 sense amplifier,
The propagation delay increased siightly at 60

radiation produced a decrease in

There was

no significant change 1n any other parameter.

50.3.10 Phase-locked 1oo0p.
dose effects in phase-locked loop devices,

There fs a large varijation in sensitivity to total

Some devices show significant degradation

at 20 krad(Si), while other devices show 1ittle degradation at 250 krad(Si).
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50.3.11 Voltage-controlled oscillator. A voltage-controlled oscillator has been
irradiated to 125 krad(S{i) with a less than 1.0% decrease in frequency and no
measurable change in the output voltage.

50,3,12 RF amplifiers. RF amplifiers which have been irradiated indicate no
measurable posTtive gain change and only a moderate negative change. Worst.case gain
change amounted to +1.0 dB at a total dose of 250 krad(S{}.

§0.3.13 RF mixers. RF mixers which have been irradiated indicate no significant
difference after being irradiated to 250 krad{Si{).

50.4 Bipoler digital integrated circuits. In most cases, with tne exception of
devices made with new aavanced oxiae isolation techniques (e.g., IMOX, FAST, AS,
ALS), the radiation effects at 106 rad{Si) will be negligible. At the highest
radiation Jevels fan-out or output drive capability is reduced. Table IX summarizes
the sensitive parameters o bipolar digital devices,

TABLE IX. Summary of radiation-sensitive parameters,
bipoiar cigitai devices,

Qutput drive
{fan-out)

T PIL-510-853 T
T I | T o
f Parameter % Method % Sympol |Parameter changei
] | ! i
] [ 3011.1 | ‘
! I | |
| | | i

T

-- | Decreases
!
i

At the time of this writing, 1t 1s toc early tc determine tne radiatior nardness
cf devices made with new advanced oxide isolation techn.aues thougn these aevices are
hnown tc be much softer than devices made with older techniques.

50.5 M0S devices., MOS devices are very sensitive tc tote' 1onmization deses. The
main effect 1s & snift 1n the gate threshold voltage, VGS(th%» towarac more negative
values. Secondary effects are a decrease in the transconductance and anr increase in
the source and drain-leakage currents. Fo» a PMOS switch, these effects shift the
switching voltage tc a more negative value and decrease the output voltage, Voyurt.
Commercial MOS devices may exhibit significant degradation for doses of 104 radISi).

The gate voltage shift can be reduced by holding the MOS body (substrate} at the
most positive potential. The effect of a given threshold shift may be tolerable 1f
the gate voltage 1s more negative than the degraded threshold voltage.

In general, the output voltage 15 used to drive other logic gates. The threshold
voltages of these logic gates wi1ll also have experienced a negative shift. The
combined output/gate dearadation can be offset by operating at ¢ more negative
drain/gate potential on the load device. Figure 11 suggoests several hardening
techniques for MOS devices.

Typical propagation time (tp) 1ncrease 1s 35% for both EH4600 Serres and CNAOO
Series CMOS (reference A-3). ome outliers increased at much as 10 times the mean
increase after irradiation to 150 krad(S51). Typical oudrescent supply current {(lgg)
1ncreased 25 toe 10,000 times 1ts initial value after 1rradiation to 150 k+»ad(St).
Several manufacturers are producing special radiation-hardened CMOS devices hard to
105 rad(S1). Table X summarizes the sensitive parameters of MOS devices.

50.6 LSI. A1l commercially avatlable microprocessors, memories, and other
circuits DuiTt with MOS technology are very sensitive to an 1onizing radiation
environment, The failure level depends on the technology as shown in table XI.
Bipolar devices are somewhat harder. A list of different processing techniques
potentially available for the fabrication of LSI devices 1s given 1n table XI.
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Most MOS memories will fail within the range of 103 to 2x104 rad(s{)
(reference A-21), Although some NMOS memories have been reported to be hard to 105
rad{S1), in general, silicon gate dynamic NMOS memories are very radiation soft.

Magnetic bubble memories are extremely radfation hard. Bipolar
PROM's are relatively hard.

Typical circuit Radiation response Hardening techniques
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FIGURE 11. Suggested total-dose hardeninc techniques for MOS devices
{reference A-1§)

TABLE . Summary of radiation-sensitive parameters, MOS devices.

{ il MIL-STD-750

! Parameter ] Method i T SYmDO1 { Parameter change

| ] |

| T r T

{ Gate threshold voltage | 3001.1 ! Ves(th) : More negative }
| {

{ Cutput voltage } 3006.1 % VouTt E Decreases ;

| Propagation delay : 3004.1 | tp ; Increases }

| |

| Source supply i 3005.1 ! Igs [ Increases {

| | ! | |

50.7 Diodes and rectifiers. Total-dose effects 1n switching and rectifying
d1odes appear as a cnange in the forward voltage (Vg), leakage current {ip), and
the breakdown voltage (Vpg). Parameter changes are not linear with cumuiative
dose. In general, the parameter changes are barely detectable at 10 krad(Si}. At
100 krad{S1)}, the usual parameters of design {mportance, aVf and alp, are less
than 50 mV and 10 uA, respectively.

50.7.1 lener and reference diodes. It is possible to determine the
radiation-induced change in the zener voltage to an accuracy of €1 mV by relatively
simple means. The absolute value of the zener voltage, which is a strong function of

the zener current, has been determined easily to an accuracy of about #10 mV
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e A-2). With zener and reference diodes, the zener reference voltage {Vz)

hanges less than 0,03 percent at 100 krad{Si), thus
or reference diodes, the aVz should change less
Precision applications often require much greater

accuracy,

4¥z 1s the key design
than 0.1 percent at 10
and under

these conditions the determination of any total dose radiation effects presents a

measureme

nt problem.

Some zener and reference diodes have shown significant leakage currents at 250
High voltage zener devices (over 70 volts) shift 20 mV at a fluence of 250
In general, zener and reference diodes are radiation sensitive in very

hrad(Si).
hrad{$1).
high prec

50.7.2
radiation

50.7.3

radiation
currents

50.7.4

1s1on applications only.

Constant-current diodes.
damage tc 250 krad(Si).

Other diodes and rectifiers.

These devices are considered

1nsensitive to

These devices are considered 1nsensitive to

damage to 250 krad{Si), although some devices have significant leakage

at 250 krad(Si).

TABLE XI. LSI technology (reference A-20).

Process

Reported hardness

n-MQS
p-MOS
Unhardened CMOS

Bypolar TTL, ECL*
IZL*

Hardened bulh MOS, metal gate

Hardened CM0S-S0S, metal gate

T
!
|
|
t
|
|
|
|
i
|
|
f
4
i
r
|
1

103 x 10% rad(s1)

5 x 10%

rad{S1)

rad{Si)

10% rad{Si)

§ 5 10° rad(S1)

10% radi(S1)

105 - 100 rad(s1)

—— e e e e ]

* See the exceptions for devices made with new oxide 1solation

techniques as noted in paragraphs 5 1.1.2 and 50.4

Silicon-controlled rectifiers.

Radiation-induced surface

1onfzation will

lower the ievel of tne switching point by generating a Teakage current across the

reverse-biased center junction 1n a silicon-controlled rectifier {SCR)
will raise all the currents through the device in the off-conditron
current rises above & certain thresnold value,

(referenc
increased

50.8
radiation
than the
devices.

moderately by a total dose

Optical devices. A1l types

-i1nducea damage The J1ght
11ght aetectors. Table XII

of optical
sources are more sensitive t¢ rad:ation damage
summarizes the sensitive parameters of optical

40

Thas
If the leakage

in turn

the SCR 1s permanently turned on
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TABLE XII. Summary of radiation-sensitive
parameters, optical devices,

|
GaAs LEDs IDecreased output
)

_—

1 photodetectors |Decreased sensitivity
|Increased dark current

]
|
|
| |
! I
I |
I |
I |

[
Cptical 1solators :Decreased coupling

50.8.1 GaAs LEDs, The emission efficiency of GaAs LEDs is greatly reduced by
irradiation, and some devices degrade more than others. Most GaAs LEDs incur reduced
T1ght 1ntensity by 30% at 250 krad{S1). Epitaxial GaAs LEDs incur reduced 1ight
intensity by 90% at 250 krad(§1I. See reference A-22 for additional i1nformation.

50.8.2 Silicon photodetéctors. Silicon photodetectors are very sensitive to
irradiation. The radiation efrects depend on the temperature of the device as well
as the energy of the electron and 1ts fluence,

50.8.3 Photomultipliers. Photomultipliers appear to have no permanent damage due
to displacement or jonization but are very susceptible to dose-rate effects due to

scintillation 1n the glass envelopes and 1n the phosphor.

50.8.4 Solar cells. Standard n on p solar cells are relatively i1nsensitive to
1onization radijation to 2.5 Mrad(Si1). For additional information see reference A-23,

50.6.5 Optical 1solators. Optical 1solators are a combination of a GaAs LED and
e1ther & photodiode or phototransistor. The 1solators containing phototransistors
are more sensitive tc irradiation than those containing photodigdes. In general,
optical 1solators are within manufacturer's specification to 10° rad(Si).
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EXAMPLES OF DATA ANALYSIS

10. GENERAL
10.1 Scope. This appendix provides detailed examples of determining the DMBP
value (see 5.1.5.2.1), categorizing part types (see 5.1.5.2.2) and lot acceptance
testing (see 5.2).
20. REFERENCE DOCUMENTS
Not applicable,
30. DEFINITIONS
Not applicable.
40, GENERAL REQUIREMENTS
Not applicable.
50. DETAILED EXAMPLES
50.1 Determining the DMBP value, A DMBP value, corresponding to a given

cumulative proportion of the distribution, Ppysy {part survival probability), may
be determined for moderate total-dose requirements as 1n the following example

Kip Ys (Max)
DMBP = DIST >In

e

where K{Pp1g7) 15 at the Ppygt fractile of 2@ standard normal distribution, and
sip(Max) 1s an estimate of the largest expected standard deviatior that woulo
result from characterization tests.

Exampie, In this hypothetical example, we wi1) assume the log normal distribution, a
D..T value of 4.417 (99,9995 survival probability), and an sjp{Max) of 0.531.

Since K (0.999995) = 4.417
DMBP = e4.417x0.531 19

The assumptions used for determining the DMBP value will depend on the 1ndividual
system requirements. However, 1n assuming a value for syp(Max), the application
should be Timited to systems that have moderate total-dose radiation requirements
{see 5.1.2.1)., The reason 1s that DMBP requires very high design margins, which
might not be met 1n systems with stringent requirements. Otherwise the PCC method of
categorizing parts, as discussed 1n 5.1.5.2.2, should be constidered.

50.2 Categorizing part tvpes. Three example wi1ll be given to illustrate how &
part type may be categorized on the basis of characterization data. Twc of the
exampies are based on using the Dpp1r values. The third exampie 1s for the special
case where there are less than three Dppy; values avairlable (see 5.1.3.2). In this
case 1t 1s necessary to use the PARgpap vaHues. Although a minimum 0f ter test
samplies 1s normaliy recommended, on?y five parts are used 1n order tc simplifv the
following examples:

EXAMPLE 1. Categorization of the LM10S operational amplifier on the basis of input
biras current, lg, for a test sample of five parts using DepyL values.
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Kty factors for one-sided tolerance limits for

normal distributions.

TABLE XIII,
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-sided tolerance 1imits for

Ktp factors for one

TABLE XIII.

Continued.

normal distributions -
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Let us consider the radiation-induced change in {nput bias current, alg, data. The
system 1n this example has the following requirements:

Dspee = 150 krad(s1)
neb5, Cis 90% and PpysT Ts 99.9% for determining PCC.

The worst case circuit failure Yimit, PARFaAIL, for alg is 10 nA. We then proceed
as follows:

Step 1 - Ivradiate the test samples in accordance with the requirements of paragraph
T.T at increasing dose levels until all of the parts have reached the PARgay; value
of 10 nA. Plot slp versus total dose as shown on figure 12 for each part.

Step 2 - Determine the total-dose circuit-failure value, DppyL, for each part at
the PARFaIL value of 10 nA from figure 1<.

I | 1
| Test IDFAIL in krad(S?) |
part {
T |
! 1 | 650
{ 2 ] 800 ]
[ 3 ] 500 |
! 4 | 420 |
! 5 | 350 i
| [ [
Ster 2 - Determine TDM = DM?/DSPEC and Sln(DFAIL) using the DFAIL values from Step 2.
From eq. 5.1.1,
PRSI
Do =e  FAILY _ 521 kraals)
MF
and
Dgppe = 150 krad(S1)
Therefore
D
MF 521
TDM = - = = 3.5
Cspec 15D

1t 2 172

1 D
An(dg, ) = | T Z [1:1 (FAILD- Tn KDFMQJ
b

=1
0.331
Step 4 - Determine PCC using the value of SIn(D

= 0.331 from Step 3, and

)
figure 12. FAIL
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FIGURE 1< &l vs total dose for LMIOB amplifiers

Py
"

T 6.112 from table XV for n = §,

90% and P

(9]
u

DIST = 99.9%

Therefore, from eq. 5.1.3,

e
<«
(e}
W

e6.112x0.331 = 7.58

Step 5 - Categorize the part type as follows:
TDM = 3.5 from Step 3
PCC = 7.58 from Step 4

TDM is Yess than PCC, Consequently, this part type is categorized as HCC-1M and lot
acceptance testing is required.

The data plots shown on figure 12 are approximately l1inear. Consequently, the lot
acceptance test for this part type need be at Dgppg only.
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Example 2, Categorization of the 2N2222 transistor on the basis of dc current gain,
hFg, for five test parts using DpapL values.

Let us consider the radiation induced change in the reciprocal of the d¢ current
gain, a{l/hpg), at a collector current of 1 mA.

Where

1 1 ]
b = -
<%FT> REE(RAD)  PFE{Initiral)

The system in this example has the following requirements: DSPEC = 150 krad(Si);
n=25, C is 95%, and PDIST is 99.,9%, for determining PCC; PARMIN(hFE) = 50 as taken

from the manufacturer's specification sheet. The worst case circuit farlure value,
PAR 15 39 minimum. We then proceed as follows:
FAIL(hFE)

Step 1 - Determine the A(l/hFE) equivalent teo a PARFAIL value of 39, using the
1 .
manufacturer's PARMIN(hFE) value of 50:

b 1 1 1 1 1
n.. |~ PAR -~ PAR =35 " Jo
FE o FAIL(h c) MIN(h-)

5 ;—l- - 0.0055
'FEJFAIL

NOTE The value of A(l/hFE)FAIL was calculated 1n this example using the
manufacturer's minimum specification PARMIN(h ) because this 15 the worst case
FE
pre-test acceptance criterion for future lots to be HA tested. For the case where
parts are selected for higher hFE values, A(l/hFE)FAIL should be calculated using

th1s special selected PAR value. For the case of 10t acceptance testing
MIN(hFE)

A(l/hFE)FAIL should be calculated using the pre-radiation value of heg

Ster - lrradiate the test sample in accordance with the requirements of paragraph
.1 at increasing dose levels unti) all of the parts have reached the

all/npp)eagL value of 0.0055., Plot a{l/hpg) versus total dose as shown on

figure 15,
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0.0l T
5
3
ty TEST
a(1/hpg) FAIL PART
00055 - == — —— e o ———— —— — — —— — — — ]
=
W
£
=
[}
000! 100 1,000

TOTAL DOSE, krad{Sy)

FIGURE 1:2. all/hgc) vs total dose for 2N2222 transistors

Ster 3 - Determine the total-dose circust failure value, DppayL, for each part at
the s{1/nFglpprL value of 0.0055 from figure 1s.

) i T
| Test [DFaIL n krad{Si) |
| part | f
| I !
[ | 1
| 1 ] 420 |
| 2 | 460 !
{ 3 i 390 |
! 4 | 510 f
| 5 | 330 I
I I !
§£gg_i - Determine TDM DMF/DSPEC and Sl"(DFAIA) using the DFAIL values from Step 3.
From eq. 5.1.1,
DMF = 418 hrad{Sy)
and
Dgpge = 150 krad(Si),
therefore

TDM = 418/150 = 2.799
and, from eq. 5.1.2,

S = 0.165
1"(DFAIL)
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Step 5 - Determine PCC using the value of sln(DFAIL) = 0,165 from Step 4 and

Ky, = 7.501 from table XIII for n = 5, C = 95% and Pp;p = 99.9%.
Therefore, from eq. 5.1.3, -

PCC = e7.501x0.165

= 3.46

Step 6 - Categorize the part application as follows:
TDM = 2,79 from Step 4
PCC = 3.46 from Step &

TDM 1s Tess than PCC. Consequently, this part application 1s categorized as HCC-1M
and requires lot acceptance testing,

The data plots shown on figure 13 are approximately linear. Consequently, the 1ot
acceptance test for this part application need be at Dgpgg oniy.

Example 3. Categorization of the 2K3637 transistor on the basis of the Collector
Teakage Current, Icpp, for a test sample of five parts using PARpap values.

The system i1n this example has the following requirements. ODgppc = 30 krad(Si);
n=25, C= 95% anc Ppygt = 99.9%, for determining PCC. The worst case circuirt
failure value, PARFAIL, 15 30 nA. MWe then proceed as follows:

Step 1 - Irradiate the test samples in accordance with the requirements of 4.1 at
increasing dose levels until all of the parts have reached the PARppyL value of 30
nh.

In the course of testing, none of the Iggp values have reached PARppyL at 600
krad{Si), which 1s twenty times the Dgpgc value of 30 krad{(Si). The plot of this
data 1s shown on fiagure lc.

100 1
. 4
{ 4
3
} 1
PARrML»---——_———_.__._______—_——.._._———-_—<
P -

2

e 1
b} 104 —_

—

. ]
3 -
s

1.0 N N .
100 1000

TOTAL-DOSE, krad(S{)

FIGURE 14. Icgg vs total-dose for 2N3637 transistors.
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As the DppyL values cannot be obtained from the graph, the part application cannot
be categorized using the methods of examples 1 and 2. One solution to this problem
is to use the PARgAp values at Dgppc and calculate a design margin, DM, based on
the PARpap values. The value of DM is then used to classify the part type 1n place
of TDM. ?f DM {is equal to or less than PCC the part type is categorized as HCC-1M.
If DM is greater than PCC it is categorized as HCC-2. This solution 15 used 1n the
steps that follows.

Step 2 - Using the follow PARRAD(I )va1ues measured at Dgppp = 30 krad{S1),
determine ¢80

Test part PARRAD( y 1n nA

Lego

(SR
[CR R RY G
PR
O TR Oy

PAREALL

M =2 ———  —— and s
lnTVKKE;ET ln(PARRAD)

e

for 1ncreasing levels where, from eq 5.2.1,

{ .
in PAFRAD)

e = 3.61 nk
Therefore
pr = 30 nA g gy
.61 nk
From 2q. 5.2.2,
3 = 0.186
1n(PARRAD)

Step 3 - Determine PCC using the value of Sin(PAR ) = 0.186 from Step 2 and

RAD

KTL = 7.501 from table XIII for n = 5, C = 95% and PDIST = 99.9%.

From eq. 5.1.3,

e7.501x0.186

PCC = = 4,04

Step 4 - Categorize the part application as foliows
DM = 8.31 from Step 2
PCL = 4.04 from Step 3

DM is greater than PCC. Consequently, this part type 1s classified as HCC-2 and does

not require lot acceptance testing.

Although the data plots of figure 14 are not 1inear above 150 krad{Si), they are
linear well above the critical value of Dgpgc = 30 krad(Si). Consequently, the
sample tests need be carried out at only the single total-dose value of Dgpgg-
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50.3 Lot acceptance testing. An example of 1ot acceptance testing at a single
total-dose hased on the PARRAp values, and an example of multiple total-dose Tot
acceptance testing based on the Dppy; values will be presented. As with the
previous examples, less than ten parts will be used in order to simplify the

presentation.

Example ! - Lot acceptance test for a 2N2222 transistor on the basis of the
Collector Leakage Current, Icpp, at a single dose.

The system 1n this example has the following requirements, Depep = 150 krad(S1);
n=25,C=95% and pDIST = 99.9%, YCB = 18V, PARFAIL = 15 nA.

Step 1 - Irradiate and measure PARpap for a random sample of 5 parts from the
lot being evaluated, at Vgg = 15 V and Dgppe = 150 krad(Si).

Test part PAR in nA
RAD(ICBO)
1 0.18%
2 0.20
3 0.17
4 0.16
5 0.13
1n{PKRRADi
Step 2 - Determine e and Sl"(PARRAD) using the PARRAD values recorded 1n
in Step 1. From eq. £.2.1,
InTFAR )
e RAL™ | 5.168
and, from eqg. 5.2.2,
s = 0.169
ln(PARRAD)
PAREATL KTLS1n(PAR )
Step 3 - Determine DM(lLot) = and e for increasing parameter
a1 e 1nTPARE xp)
ues.
15 nA
DM(LOt) = m = 89,3
and the Yot acceptance criterion 1s:
e7.501x0.169 . 3.6
for KTL = 7.501, from table XIII, for n = 5, C = 95% and PDIsT = 99.9%.

Step 4 - On the basis of the lot acceptance criterion,

KTLS1n(PAR

DM(Lot) > e RAD)

evaluate the data:
89,3 is greater than 3.6.

Therefore, this lot of parts is acceptable.
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Example 2 - Lot-acceptance test, using fluence-to-failure, for the
radiation-induced changes in input bias current, alg, for an LM10l aperational
amplifier at a load of 5 mA.

The system has specified the following requirements- DSPEC 1s 125 krad{(S1), n = 6,

C = 95%, and Ppye7 = 99.9%, APARFAIL(ICBO) = 90 nA,

Step 1 - Irradiate the six test samples in accordance with the system reguirements
at increasing dose levels until all six devices have reached A(PARFAIL) value cf
90 nA. Plot AIB versus total dose as shown on figure 15 for each device

Step 2 - Determine the total-dose circuit farlure value, DFAI" for each device at the
6{PARg oy ) value of 90 nA from figure 15

Device DFAIL in hrad(S1)

1 1,500

2 1,300

3 1,900

4 1,100

£ 1,700

6 1,000

InTOpayL)
Step 3 - Determine e and sl”(DFAIL) using the DFML values from Step 2
From eq. 5.2.3,
InT0g, ]
e = 1,380 krad(S1)
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and. from eq. £.2.%, IGURE 1o alp vs total dose for LMIOl ampiifievs
S = 0.250
l"(DFAIL)
17D ) Kt S
Step 4 - Determine TDM(Lot) = e FAIL and e T 1n(DFAIL):
SPEC
_ 1,380 krad{Si)
TOM(Lot) = 0 EradlsT) = 9.2

and

£6.612x0.250 _ 5 o

for Ky = 6.612, from table XIII, for m = 6, L = 95% and Pprcy

Step 5 - On the basis of the 1ot acceptance criterion,

evaluate the data:
acceptable.

KriSin(o

TDM(Lot) > e FAIL!,

9.2 is greater than 5.2, therefore: this 1ot of parts 1s
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