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FOREWORD

The acquisition of custom |large scale integrated circuits
(CLSICs) presents many new and conpl ex technical and managenent
chal | enges. This handbook is primarily intended to docunent the
design standards and managenent practices that should be
i mpl emented during the acquisition of a high reliability CLSIC
for a space system The requirenents are intended to achieve an
opti mum bal ance anong performance, reliability, and system life

cycle cost. The focus is on requirenents to assure that the
design and manufacturing processes will result in a CLSIC with
the desired performance and reliability as contrasted to other
possi bl e goals, such as mnimzing chip size or chip cost. The
requirement are arranged in sections that correspond to the
typi cal sequence in the acquisition process. By the use of
“shoul d” instead of “shall,” the requirenents are intended as

gui dance rather than contractual conpliance. However, adherence
to, or deviations from the “should” requirenents could be agenda
itens at appropriate program reviews. The information in this
handbook is therefore intended to supplenent other contractua
requi rements for reviews. audits, and for part and nmateri al
controls. To accommodate direct referencing in contractor
detail ed specifications for CLSICs, and to assure appropriate
conpliance, the requirenents in the general specification
(Appendi x C of this handbook) are stated using “shall.”

The selection of a CLSIC inplenentation instead of an
i npl ement ati on using other devices should be based upon a
conpari son anong the alternatives of performance, schedule.
systemlife cycle cost, and risk. Thi s conparison shoul d
recogni ze that with another inplenentation using mature devices,
the reliability and performance nmargins mght be better known
due to the maturity of the devices used. Al so, an
i npl ementation using mature devices mght offer other
advant ages. such as possible alternate suppliers. On the other
hand, a CLSIC inplenentation nay offer the possibility for
i nproved performance, nuch |ower power. nuch |ess weight, fewer
of f-chip connections. and |ower cost, as conpared to other
i npl emrentations. A CLSIC inplenentation may also offer the
possibility for very high reliability, if it is based on mature
design and mature manufacturing concepts. However, the “custoni
in CLSIC neans that at |east sone features of a CLSIC nmay be
uni que and | ack successful usage experience. This [ ack of
maturity is the major problem that may make it difficult, if not
i npossible, to accurately predict schedul es, performance,

(Conti nued)
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performance margins, and reliability for a CLSIC In addition,
the inherent conplexity of a CLSIC nmakes it difficult to measure
all critical performance paraneter, or to estimte performance
margi ns, even by testing conpl eted devices.

Meeting the high reliability, performance, and radiation
hardness requirenents for CLSICs used in space systens is
dependent both on the maturity of the major design features and
the maturity of the manufacturing processes used. In addition
the quality and reliability margins nmust be assured at every
step during design, simulation, fabrication, and assenbly by the
design analysis, processes, and controls used. Therefore
successful acquisitions of high reliability CLSICs may require
different and nore stringent actions by all participants at
every step in the design and manufacturing processes as conpared
to the acquisition of other devices. \Wen one perforns
extensive “front end” audits, design analysis, simulations,
docunentation, and design reviews, the risks in using CLSICs are
expected to be reduced. Thi s handbook is an attenpt to docunent
t he actions required. Note that although the enphasis in the
handbook is on digital devices, the handbook is intended to
apply to both digital and linear circuitry of CLSICs.
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SECTION 1
SCOPE

1.1 PURPOSE

Thi s handbook presents requirenents for the nanagenent.
design, and manufacturing control of custom nonolithic |arge
scale integrated circuits intended for use in high reliability
space systens. In addition, this handbook presents the genera
requirenments for the application or use of such devices in high
reliability applications such as space systens and | aunch
systens. This handbook is intended to provide the required
gui dance to ensure coordi nated managenment of the design
devel oprent, application, procurenment, control, and
standardi zation of Custom Large Scale Integrated Crcuits
(CLSICs) in order to elimnate any failures of such devices and
to reduce any problens in their acquisition.

1.2 APPLI CATI ON

Thi s handbook is basically intended to be listed as a
gui dance document in space vehicle acquisition contracts.
However, the guidance information incorporated in the handbook
may be followed as a nmatter of good managenent practi ce,
whet her contractual ly suggested or not. O course, the
handbook or some of the requirements in the handbook, could be
formally inposed as conpliance by appropriate referencing.
Even in that case, unless tailoring nodifies the conpliance

required, the use of “should” instead of “shall” in all
sections except Appendix C essentially turns the handbook
requirements into guidance information only. I n any case, the

degree of conpliance with the “should” requirenments mght be
appropriately schedul ed as agenda itens at design reviews or

t echni cal interchange mneetings. Resulting action itens,

whet her in scope or out of scope, would be handl ed the sane as
in scope or out of scope action items on any other subject.
Nevert hel ess, the intended degree of conpliance with the
“shoul d” requirenments nust be clearly stated in the contract,
and not left to be interpreted after contract award.

Wien the space vehicle contractor procures CLSICs from
anot her organi zation, the applicable provisions of this
handbook should be included in the purchase order or
subcontract. Specific CLSIC technical requirenents and ot her
design, fabrication, or test provisions which are directly
applicable to a particular device are usually determ ned by the
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space vehicle contractor. The device requirements to be
formally inposed for conpliance by the device supplier would be
stated in a detailed technical requirenment docunment prepared by
the contractor, such as a detailed specification for the

CLSI C. In that case, the general technical requirenments stated
in Appendi x C of the handbook should be inposed by appropriate
referencing of Appendix C in the detailed specification for the
CLSI C (see Section 10).

Wien this handbook is applied to CLSICs for use in other
high reliability applications such as |aunch vehicles, or other
equi pnent, the term space vehicle should be interpreted as the
appl i cabl e vehicle or equipment. Wen this handbook is applied
to the acquisition of customvery |large scale integrated
circuits (VLSIC), or to other device types, the term CLSIC
shoul d be interpreted as the applicabl e device. For the
pur poses of this handbook, LSIC, CLSIC, and VLSIC have the sane
requirements.



Downloaded from http://www.everyspec.com

M L- HDBK- 339 ( USAF)
31 JULY 1984

SECTI ON 2
REFERENCED DOCUMENTS

2.1 GOVERNMVENT DOCUMENTS

The followi ng docunents, of the issue in effect on the date
of invitation for bids or request for proposal, forma part of
t hi s handbook to the extent specified herein.

SPECI FI CATI ONS
STANDARDS
DCD- STD- 100 Engi neering Drawi ng Practices

M L- STD- 883 Test Met hods and Procedures for
M cr oel ectroni cs

FAR 2. 000 Federal Acquisition Regul ations

Copi es of specifications, standards, draw ngs, and publications
required by contractors in connection with specific procurenent
functions should be obtained fromthe contracting office or as
directed by the contracting officer.
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SECTI ON 3
DEFI NI TI ONS AND ACRONYMS

3.1 ABSORBED DOSE, TOTAL

The total absorbed dose is the anount of energy deposited
per unit mass (Joule/kg) in a given material resulting from
exposure to radiation. The unit of absorbed dose is the Gay

. For silicon (Si) material, one Joule/kg would be
expressed as 1 Gy(Si). Note that the response of a device to
radi ati on may depend upon the rate of exposure, so the rate is
normal |y specified as well as the total absorbed dose.

3.2 ACCEPTANCE TEST

Acceptance tests are the required formal tests conducted
to denonstrate acceptability of an item for delivery. They are
intended to denonstrate performance to specification
requirements and to act as quality control screens to detect
deficiencies of workmanship, material, and quality.

3.3 AGNG SENSITIM TY

Aging sensitivity is the variation of the useful life of a
device resulting from deterioration nmechanisns such as
oxi dati on and wear.

3.4 ATE

ATE is the acronym for automatic test equipnent.

3.5 AUTOVATIC TEST EQUI PVENT

Automatic test equipnent (ATE) refers to equi pnent
external to a CLSIC device that is capable of automatic
generation of test vectors for that device. It may al so
include features to apply the test vectors to the device under
test, nonitor and evaluate its test responses, and provide an
i ndication of the operational status that specifies the
presence or location of faults.

3.6 BASIC AQRCUT STRUCTURES

The four basic circuit structures for a CLSIC are busses,
random access nenories, registers and conbinational | ogic.
The sinplest cases of a bus, nenory, register, and
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conbi national logic are, respectively, a wire, an addressable
storage for one bit, a flip-flop, and a gate.

3.7 BILBO

BILBO is the acronym for built-in logic block observation

3.8 BULT-1IN TEST

Built-in test (BIT) refers to testing which forns an
integral part of the CLSIC design, and serves to make it
self-testing to some degree. Built-in self test is achieved by
special hardware. firmwvare, or software, or by sonme conbination
of the three

3.9 BULT-1N TEST FEATURES

Built-in test features for CLSICs include the built-in
test circuitry, other special built-in test structures, and the
enbedded firmvare and software used to inplenment built-in
testing. For exanple, built-in test features may include
functional circuits such as LSSD regi sters, set/scan registers,
BI LBO registers, counters, conparators, encoders, and decoders
or they may be nonfunctional such as those used for process
nmonitoring or to enable external testing.

3.10 BULT-IN TEST STRUCTURES

A built-in test structure for a CLSIC is an individua
pattern of integrated circuit elenments designed to provide
information on specific paraneters critical to the design,
fabrication, or evaluation of the integrated circuit.

3.11 CAPABILITY AUDI T

The capability audit consists of a designer capability
audit teamreview ng the designer's capabilities and a
manuf acturer capability audit team reviewi ng the manufacturer’s
capabilities to produce CLSICs. These audit teans review the
appl i cabl e organi zati ons, program managenent, design tools,
design rules, nmask fabrication, wafer fabrication, assenbly,
screening tests, electrical tests, product evaluation tests,
| ot conformance tests, facilities, and other related areas.

3.12 CAPABILITY AUDI T TEAM

A capability audit team consists of a team chairnman and
ot her designated representative(s) charged with the
responsibility of auditing either the designer’s capabilities
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or the manufacturer’s capabilities, or both, for the purpose of
determning the capability of supplying high reliability CLSICs.

3.13 CELL

A cell is an elenmentary subcircuit that inplenents the
nost primtive function of a circuit or subsystem Much of the
overall circuit or subsystem can be synthesized through the
replication of such cells, which may or may not be identical to
each ot her. Macro-cell s and nodul es extend the concept to
Pigher | evel s of design, respectively inplenenting nore conplex

unctions.

3.14 CH P ARCH TECTURE

Chip architecture consists of the specification of the
maj or functional blocks within an integrated circuit and their
i nt er connecti on.

3.15 CH P BEHAVI OR

Chip behavior is the black-box functioning of the chip.
The chip behavior consists of descriptions of input-output
transformati ons perforned by the chip and the associated timng
rel ations.

3.16 CHP FLOOR PLAN

A chip floor plan is a schematic showi ng the placenment of
various functional blocks within the chip and their sizes. All
i nterconnections need not be shown.

3.17 CARCUT

A circuit is a collection of active and passive circuit
el ements, interconnected by various conductors providing one or
nore closed paths, which inplenents a well defined function

3.18 CLSIC

CLSIC is the acronym for custom | arge scale integrated
circuit (see 3.25).

3.19 COVPONENT

A conponent is a functional unit that is viewed as an
entity for purposes of analysis, manufacturing, maintenance, or
record keeping. Exanpl es are individual electronic boxes such
as receivers, nultiplexer, or transmtters. A conputer
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program conponent (CPC) is a functionally or logically distinct
part of a conputer program configuration item (CPCl) that is

di stingui shed for the purpose of convenience in designing and
speci fying a conplex CPCI as an assenbly of subordinate

el enent s.

3.20 CONCEPTUAL DESI GN

A conceptual design for a chip consists of the chip
behavior, chip architecture, and the floor plan.

3.21 CONTRACTI NG OFFI CER

The contracting officer is the individual in the procuring
office wwth the authority to enter into and adm nister
contracts and to nmake determ nations and findings with respect
thereto, or with any part of such authority. The term al so
i ncludes the authorized representative of the contracting
officer wwthin the limts of his authority. A nore detailed
definition is given in the Federal Acquisition Regulation, FAR
2.000, for application to governnment contracts. The reason
that the term “contracting officer” is used in this handbook
instead of the commonly used term “procuring activity” is that
sone governnent docunents define “procuring activity” in such a
way that it would not be the correct termif this handbook were
referenced in a governnment contract. In the case where a
manufacture is furnishing itenms in accordance with a
contractor specification for an itemthat references this
mlitary handbook, the contracting officer is also clearly
identified by this definition. In that case, the individual in
the contractor organi zation who entered into the procurenent
agreenent or contract with the manufacturer is the contracting
officer.

3.22 CONTRACTOR

In this handbook the term contractor signifies the
producer of a space vehicle or a conponent of a space vehicle.
The contractor is the organization that uses the CLSIC, as
di stingui shed from the designer of the CLSIC and the
manuf acturer of the CLSIC The CLSI C desi gner organi zati on and
the CLSIC manufacturer may, in fact, be part of the contractor
organi zation; however, either or both may be entirely separate
conpani es. The separate terns are used 1 n this handbook to
di stinguish or divide the various responsibilities specified
among the user, designer, and nanufacturer of CLSICs . In this
way, the docunent nmay be easily tailored for use by either the
desi gner organization or the nmanufacturer organization.

However, this division should not be interpreted as reducing
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the obligation of the space vehicle contractor to neet all
contractual requirenents. Nor shoul d the division be
interpreted as encouragi ng or discouraging the sane conpany, or
different conpanies, to be the designer, Mnufacturer, or user.

3.23 CONTROL _FLOW

Control flow is the specification of when and under what
ci rcunst ances each function specified in the data flow is
performed and, hence, the parallelismto be inplenented in the
desi gn. Included in the control flow are precise timng.
condi ti onal execution, concurrent operation. state sequencing.
and response to error conditions.

3.24 CONTROLLABILITY

Controllability is a neasure of the extent to which
signals at any node in a circuit nmay be controlled using
externally applied test signals.

3.25 CUSTOM LARCGE SCALE INTEGRATED CIRCUIT (CLSIC)

A custom large scale integrated circuit is a nonstandard
monolithic large scale integrated circuit (LSIC) which is
designed and fabricated for a specific system application

3.26 DATA FLOW

Data flow is nmade up of the set of functions to be
performed on data, along with a specification of input and
out put vari abl es. Data flow describes variable interactions
and potential parallelisnms in the behavioral design. The
ordering of operations or functions is done on the basis of
data precedence.

3.27 DATA FLOW GRAPH

A data flow graph consists of a set of nodes
i nterconnected with arcs, where each node represents an
operation and the arcs represent flow of data between the
oper ati on nodes.

3.28 DATA FLOW LANGUAGE

A data flow |l anguage expresses data flow in |anguage form
and is capable of expressing potential parallelism
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3.29 DESIGN BASELI NE

The design baseline for CLSICs is a conpilation of design
tool s and design docunentation including design guidelines and
design rules.

3.30 DESIGN FOR TESTABILITY

Design for testability is a process, formng an integral
part of a design program which requires a deliberate effort to
ensure that the CLSIC being designed is capable of being tested
t hor oughl y. This should be acconplished with m ninum effort
and cost, and with mninmal inpact on reliability, resulting in
a high testing confidence |evel.

3.31 DESIGN STYLE

Design style refers to a specific organization or
architecture in which a basic CLSIC circuit or structure can be
i npl emrent ed. It is usually a function of technol ogy and
circuit layout. Exanpl es of design styles for conbinational
| ogic are progranmable |ogic arrays (PLAs), read only nenories
(ROWB), pass transistor logic, and gate conbi national networks.

3.32 DESIGN _VALI DATI ON

Design validation is an informal process whereby certain
aspects of the design at a particular |level are shown to be
equivalent, in either behavior or structure, to one or nore
correspondi ng aspects of the design at another |evel.

3.33 DESIGN VERI FI CATI ON

Design verification is a formal, algorithmc process for
proving that two designs exhibit equival ent perfornmance under
all specified conditions.

3. 34 DESI GNER

The designer is the organization that establishes the
design baseline and the electrical, |ogical, and physical
configuration of a CLSIC. The designer organi zation may be
part of the contractor organization which has the CLSIC
application or may be part of a different conpany or
or gani zati on.

3.35 DYNAM C NMEMORY

Dynam ¢ nenory consists of storage circuitry, usually
capacitive, which nmust be recharged or “refreshed” repetitively
at frequent intervals to avoid |oss of data.

10
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3.36 ELECTRON EXPOSURE

El ectron exposure is expressed in nunbers of electrons per
square centimeter (e/cm?). FElectron exposure causes
ionization effects in sem conductors and, when the electron
energy is high enough, displacenent damage may al so be
produced. lonization is specified in terns of the absorbed
dose in units of Gays (Si). If the fluence of electrons with
energies greater than or equal to 1 MeV is greater than 1012
e/cm then an equival ent displacenent danmage el ectron
fluence should al so be specifi ed.

3.37 EMP_INDUCED PIN TRANSI ENTS

EMP induced pin transients are the voltage or current
transients caused by el ectronmagnetic pulse (EMP) fields which
may result from detonation of a nuclear weapon. The EMP is
specified by either (a) the worst case current or voltage
transi ent waveforns at each external pin or (b) the worst case
equi val ent single positive or negative open circuit voltage
pul se of specified magnitude, width, rise and fall tinme, and
speci fied source inpedance.

3.38 END-O-LIFE DESIGN LIMT

The end-of-life design imt is the expected variation in
the electrical paranmeters of a device for which allowance is
made in the design of the circuit. The paraneter variations
are usually expressed as percentage changes from the specified
m ni mum and maxi num val ues.

3.39 ERROR

An error is an incorrect signal value or state that
results fromthe presence of a physical failure node or |ogica
fault in a device.

3.40 ERROR- DETECTI NG ERROR- CORRECTI NG CODE

An error-detecting/error-correcting code is a nethod of
encoding information, e.g., by appending redundant check bits,
so that errors in the encoded information can be automatically
detected and corrected by the appropriate checking circuits.

3.41 EAILURE MODE

A failure node is a characterization of a change or
i mperfection in the physical structure of a circuit or device,
e.g., opens, shorts, or pattern sensitivity which may result in
erroneous circuit operation. Fail ure nodes nmay vary across
different integrated circuit technol ogies.

11
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3.42 EAULT

A fault is a change or inperfection in the |ogica
structure of a device, resulting either froma design error or
a physical failure in the device.

3.43 EAULT COVERAGE

Fault coverage is a quantitative neasure of a test. It is
normal |y expressed as the percentage of faults within a given
fault popul ation that are detectable by neans of the enpl oynent
of that test.

3.44 EAULT DETECTI ON TEST

A fault detection test consists of test vectors or input
stimuli which, when applied to a device under test, produce
out put response signals from the device that differ according
to whether the device is faulty or fault-free.

3.45 EAULT LOCATION TEST

A fault location test consists of test vectors which, when
applied to a device under test, serve to identify or locate a
faulty elenent within the device. They do so by producing
out put signals that vary in a unique nmanner with the |ocation
of the faulty el enent.

3.46 EAULT Dl CTlI ONARY

A fault dictionary is a table or other listing that
relates all expected faulty output signatures to a
correspondi ng conbi nation of input stinmuli test patterns and
internal faults. A fault dictionary is usually based on a
particul ar set of docunmented fault nodels.

3.47 EAULT MODEL

A fault nodel is a mathematical description of a physical
failure node or logical fault that is utilized in the
simulation or analysis of the behavior of a circuit under
Specified conditions. For exanple, see “Stuck-At Fault,” 3.112.

3.48 EAULT POPULATI ON

The fault population for a given device consists of the
group of individual faults that correspond to a set of
specified failure nodes. It is used to provide a basis for the
design and eval uation of tests.

12
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3.49 EFAULT RESOLUTI ON

Fault resolution is a quantitative neasure of the ability
of a test to pin-point the location of faulty elements within a
devi ce under test. It thus neasures the extent to which faults
can be isolated or different faults can be distinguished by the
erroneous test responses produced by the fault.

3.50 EAULT S| GNATURE

A fault signature is a set of test responses, often
conpressed into a conpact form that serves to identify the
response froma circuit containing a specific fault to a
specific test procedure.

3.51 EAULT S| MULATI ON

Fault sinulation is the process of determning the
expected faulty behavior of a device based on specific fault
nodel s and a behavioral or structural nodel of the device. The
simulati on may be acconplished by neans of either a conputer
program or a hardware inplenentation. Fault sinmulation is used
in the generation of test vectors for the device and also to
measure the effectiveness and fault coverage of those vectors.

3.52 FAULT TOLERANCE

Fault tolerance is the ability of a design to accommodate
internal failures and continue to operate correctly. Means of
acconplishing this include the enploynent of circuit
redundancy, error detection, and error correction.

3.53 EI RMAMARE

Firmnare is a conputer program or data set which is stored
in a formthat is unalterable during normal operation. The
usual inplementation is in sone form of read-only nenory that
is accessed directly by associated circuitry. as opposed to a
software program that is stored in sonme nmedi um which nust be
entered into the random access nenory of the device before it
can be used. The stored program nmay consist of mcrocode or
machi ne code. The prograns are ones and zeros, as stored.

3.54 EORVAL DESCRI PTI ON

A formal description is an unanbi guous description of a
digital design, which is machi ne processable. The synt ax

éstruptuye) and semantics (neaning) of the elenments of the
escriptive technique are well defined.

13
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3.55 EORVAL GRAPHI CAL DESCRI PTl ON

A formal graphical description is any formal description
whi ch contai ns graphical elenments such as nodes and arcs, for
whi ch the semantics and graph structure are well defined; e.g.,
a Petri Net (see 3.87).

3.56 EREE FI ELD RADI ATI ON ENVI RONVENT

The free field radiation environnment consists of the
radiation fields incident on the system which would exist in
t he absence of the system

3.57 EUNCTI ONAL TEST

A functional test is a test that is intended to exercise
an identifiable function or task of a design or circuit. The
function often is tested independently of the physical
i npl enentation of the function.

3.58 GRAY (GY)

The Gray is the unit of absorbed radiation dose per unit
nmass. It equals 1 Joule per kil ogram The abbrevi ation of
Gay is Gy; with reference to absorption in silicon, the
abbreviation is G (Si). The conversion of rad units to Gy
units is 100 rad = 1 .

3.59 HARDNESS ASSURANCE

Har dness assurance consists of the procedure, controls,
and tests applied during CLSIC design, fabrication, and
procurement to ensure that the CLSIC has a response to natura
radi ati on and nucl ear-induced stresses that is within known and
acceptable limts. The procedures may include, but are not
l[imted to, electrical screening, radiation screening, and |ot
conformance testing in a radiation environnent.

3. 60 HARDNESS ASSURANCE DESI GN DOCUMENTATI ON

The hardness assurance design docunentation details the
har dness assurance activities relative to the CLSIC Thi s
includes, but is not limted to, the design, fabrication.
radi ati on response data, analyses, and acceptance criteria for
the CLSIC.

3.61 HARDNESS NONCRI TI CAL PARTS

Har dness noncritical parts are devices that have such a
hi gh radiation design margin, typically 100 or higher, that

14
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they require no radiation |ot conformance testing for that
radi ati on environnent.

3. 62 HARDWARE DESCRI PTI VE LANGUAGE (HDL)

A hardware descriptive |anguage (HDL) is a |anguage which
formal |y describes the behavior or structure of a digita
desi gn.

3.63 HAZARD

A circuit contains a hazard if errors can be caused by
certain permssible conbinations of input sequences and stray
del ays. A hazard represents a nmal function possibility that
reduces a circuit’s reliability.

3.64 | NITIALI ZATI ON

Initialization is the process of applying an input pattern
or sequence of input patterns to a device under test to place
that device in a known initial state before actual testing
comrences.

3.65 INTEGRATED CI RCUI T

An integrated circuit is a conbination of interconnected
circuit elenents or cells inseparably associated on or within a
continuous, nonolithic substrate. Thus , it is an inseparable
single entity containing substrate, circuit elenments, and
i nterconnection pattern.

3.66 | NTERFACE BEHAVI OR

Interface behavior is the way in which a CLSIC interacts
with circuitry external to itself. | nt erface behavi or
parameters include the applied voltages and the ordering and
relative timng of the reading and witing of externa
vari abl es.

3.67 KERNEL

The kernel is the circuitry intrinsic to the functional
nature of the CLSIC which is tested. It may be tested by
built-in testing circuitry in a built-in self-test testing
strategy, or by external test equipnent. A CLSIC nmay contain
several kernels, each of which is considered individually for
testing purposes.
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3.68 LARGE SCALE INTEGRATED CIRCUIT (LSIC)

An LSIC is an integrated circuit which normally contains
bet ween 100 and 10,000 |l ogic gates or the equivalent 300 to
30,000 transistors.

3.69 LOd C DESI GN

A logic design is a digital design consisting of a set of
el ements and their interconnection. El ement types include
logic gates, flip-flops, latches, and transistors used as
swi t ches. (Transi stors, such as pull-ups, which have no
specified logic function, are seldomincluded in |ogic designs.)

3.70 LOT (PRODUCTION LOT, ASSEMBLY LOT, AND | NSPECTI ON LOT)

A production lot consists of all CLSICs that are
manuf actured during the sane tine period on the sanme production
line(s) by nmeans of the sanme production techniques, materials.
controls, facilities, and design. The production | ot as used
in this handbook would al so be the assenbly [ot and the
i nspection |lot as defined in other docunents.

3.71 LSIC

LSIC is the acronymfor large scale integrated circuit.
3.72 LSSD

LSSD is the acronym for |evel sensitive scan design.

3.73 NMANUFACTURER

The manufacturer is the organization that is the
fabricator and supplier of the CLSIC The manuf act urer
organi zation may be part of the contractor organization which
has the CLSIC application, it may be the designer of the CLSIC
or it may be part of a different conpany or organi zation.

3.74 MNANUFACTURER SURVEI LLANCE

Manuf acturer surveillance consists of nonitoring by the
contractor, or the contractor’s designated representative. of
the manufacturer’s fabrication, inspection, and test
facilities, equipnent, processes, procedures, and controls
based on preestablished criteria. Manuf act urer surveillance
i ncludes Contractor Source I|nspection.
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3. 75 MANUFACTURI NG BASELI NE

The manufacturing baseline for CLSICs is a description of
t he sequences of manufacturing operations necessary to produce
CLSICs (normally in the formof a flow chart or lot travelers).
Al'l docunents pertaining to the procurenment and inspection of
materials, production processes, production environnents, and
production controls are identified. Docunents are identified
by name, nunber, and current approved revision. The flow chart
reflects the conplete manufacturing processes used for the
CLSIC and shows all manufacturing, inspection, testing, quality
verification points, and the points where all materials or
subassenblies enter the flow  The manufacturer usually
docunents the baseline using a controlled access file or books
whi ch contain all referenced docunents noted on the flow chart,
i ncludi ng in-house docunents referenced.

3.76 M CROCODE OR M CRO NSTRUCTI ON

A mcrocode or mcroinstruction consists of a sinple,
el ementary machi ne | anguage subinstruction which fornms a single
control word in a m croprogram the | evel of programm ng at
which every part of an integrated circuit may be controlled
explicitly.

3. 77 M CROPROGRAM

A mcroprogramis a subroutine, used to execute an
assenbly |anguage nmacroinstruction (from program nenory), which
consists of a sequence of mcroinstruction resident in
firmare. A control unit whose control variables are stored in
a menory is called a mcroprogranmed control unit. I n general
for a mcroprograned device, every machine code or assenbly
| evel instruction is inplemented by a m croprogram consisting
of mcrocode instruction.

3.78 MSSIONCRITICAL FAI LURE

A mssion-critical failure is a physical failure in a
devi ce whose undetected occurrence may result in overall
failure of the mssion or main application for which the device
i s designed.

3.79 MJIX_(DEMJX)

MUX is the acronym for multiplexer, and DEMJX is the
acronym for denmultipl exer.
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3. 80 NEUTRON EXPOSURE

Neut ron exposure occurs when a device is exposed to
energeti c neutrons. Neut ron exposure is specified by the
equi val ent fluence for displacenent damage in neutrons per
square centineter, n/cm?. |f the integrated fluence is
greater than 1012 n/cm? (1 MeV Si equivalent), the tine
dependence of the neutron exposure is normally specified.

3.81 OBSERVABILITY

Qobservability is a neasure of the degree of ease or
difficulty involved in deducing the status of internal nodes of
a device under test by exam nation of the test responses.

3.82 PARAMETER DESI GN MARG N

The paraneter design margin is the ratio of the end point
electrical paraneter failure limt for a test sanple to the
devi ce paraneter nean val ue degradation at the specified

radi ation |evel. For a log normal distribution, the geonetric
mean is used.

3. 83 PARAMETER FAI LURE VALUE

- Paraneter failure value is a specified paraneter value at
which the device is considered to fail.

3.84 PARTI Tl ON

A partition is the subdivision of a circuit into one or
nore not necessarily disjoint subcircuits.

3.85 PARTS, NMATERIALS, AND PROCESSES CONTROL BOARD ( PMPCB)

The PMPCB is an organi zation established by contract to
assist the prinme contractor in managing and controlling the
sel ection and docunentation of parts, materials, and
processes. In this handbook, it is assuned that the PMPCB has
a nenber who is the authorized representative of the
contracting officer, with the right of veto.

3.86 PARTS, MATERIALS, AND PROCESSES SELECTION LI ST

The parts, materials, and processes selection list is a
list of all parts, materials, and processes approved for use in
a specific system or equi prment. It is conposed of standard and
nonstandard itens whi ch have been approved by the PMPCB.
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3.87 PETRI __NET

A Petri Net is a formal graphic description of a digita
design (see 3.55). Petri Nets usually are used to express
control flow.  They allow expression of asynchrony, potentia
paral lelism and conditional execution of actions.
3.88 PLA

PLA is the acronym for progranmable |ogic array.
3.89 PMPCB

PMPCB is the acronym for the parts, materials, and
processes control board (3.85).

3.90 PROCESS VALI DATI ON WAFER

A process validation wafer is conposed entirely of test
chips that are used to determne intrawafer variations. It
provi des data for the evaluation of processing equipnment and is
used as a neans of process characterization. It may al so be
used to determi ne radiation response characteristics of the
process.

3.91 RACE CONDI TI ON

A race condition is present in a circuit if the behavior
of a state transition depends on the order in which two or nore
state vari abl es change val ue. This is determ ned by
perm ssi bl e conbinations of input signal transition tines and
stray del ays. If an erroneous final state is possible, the
circuit is said to contain a critical race condition

3.92 RADI ATI ON _ CHARACTERI ZATI ON

Radi ati on characterization consists of representative
measurenents of the response of critical electrical paraneters
as a function of radiation environnent(s) under specified test
condi tions.

3.93 RADIATION DESI GN MARG N

The radi ation design margin is the ratio of the nean
radiation failure value for a test sanple to the device
radi ati on specification |evel. For a |l og normal distribution.
the geonetric nean is used.
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3.94 RADI ATION-TO FAILURE  METHOD

The radiation-to-failure nethod consists of stressing the
device under test to increasing levels of ionizing radiation
until the paraneter failure value has been reached.

3.95 RADI ATION FAI LURE VALUE

The radiation failure value is the |lowest radiation test
value at which a device fails to neet a specified criterion.

3.96 RADIATION TEST FACILITY

The radiation test facility is a facility used as a source
of energetic particles or electromagnetic ionizing radiation
for the purpose of sinulating the radiation environnments from
space or nucl ear weapons. Such facilities include, but are not
l[imted to, electron and heavy particle accelerators, flash
X-ray machines, co80 irradiation cells, and nuclear reactors.

3.97 RAM
RAM is the acronym for random access nenory.

3. 98 REDUNDANT _ SUBCI RCUI T

A redundant subcircuit is a part of a circuit whose
renoval does not alter the functional behavior of the circuit.
Redundant subcircuits are used to enhance a circuit’'s fault
tol erance; they may contain undetectable faults.

3.99 REG STER- TRANSFER DESI GN

A register-transfer design is the design of an item which
i nvol ves elenents at the register |evel. These can be
classified into conbinational and sequential circuits, where
registers formthe main sequential elenents which transfer or
operate on data words.

3.100 RELIABILITY

The reliability of a circuit or device is the probability
that it can survive, i.e., continue to function correctly, for
a specified period of tine.

3.101 ROM

ROMis the acronymfor read only nenory.

20



Downloaded from http://www.everyspec.com

M L- HDBK- 339 ( USAF)
31 JULY 1984

3.102 SCAN- | N SCAN- OUT _DESI GN

Scan-in/scan-out refers to a class of design which is
characterized by the fact that the nenory elenments can be
reconfigured to forma Shift register during testing. Thi s
design-for-testability concept includes nethods such as |eve
sensitive scan design and scan path testable design. The state
of the circuit can be directly controlled by shifting test data
in (the scan-in step), and observed by shifting test data out
(the scan-out step) of this shift register.

3.103 SELF-CHECKING C RCU T

A self-checking circuit is one that automatically tests
itself while operating on-line and signals the presence of
internal errors in the circuit. Sel f-checking circuits
typically incorporate error-detecting and error-correcting
codes.

3.104 SELE TEST

Self test is a test, or series of tests, performed by a
device upon itself usually while operating off-line. This
shows whether or not it is operating within specified (or
designed) limts. I ncl uded are test prograns to check out
performance status and readiness.

3.105 SINGLE PARTICLE EXPOSURE

Exposure to single energetic ionizing particles may
produce upsets in CLSIC devices. Single particle exposure can
be specified in terns of a flux of particles whose distribution
in nmass, energy, and angle with respect to the top surface of
the mcrocircuit is specified. The worst case exposure depends
on the radiation environment in which the system operates.

3.106 SOURCE CONTROL DRAW NG

A source control drawing is a drawing usually prepared in
accordance with DOD- STD-100 by the contractor for use iIn
procurenments of specific parts from specific manufacturers. A
source control drawing for a CLSIC contains, by reference, all
of the detailed requirenents and other technical provisions
whi ch are needed for the procurenent. In this handbook, the
term “detailed specification” is interpreted to include a
source control draw ng.
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3.107 SPECI FI CATI ON CONTROL DRAW NG

A specification control drawing is a drawi ng usually
prepared in accordance with DOD- STD-100 by the contractor for
use in procurenments of specific manufacturer parts with added
controls. A specification control draning for a CLSIC
contains, by reference, all of the detailed requirenents and
ot her technical provisions which are needed for the
procuremnent. In this handbook, the term “detail ed

specification” is interpreted to include a specification
control draw ng.

3.108 SPECIFI ED RADI ATI ON ENVI RONVENTS

The specified radiation environments are the worst case
environments that the CLSIC is predicted to encounter in its
system application. They are derived fromthe free field
environment specified for the system and are defined in terns

of electron, X-ray, gamma ray, neutron, proton, EMP, and heavy
i on exposure.

3.109 STATE

State is a concept associated with a digital systemand is
determ ned by the val ues associated with certain variables
(inputs, outputs, internal elenents, or devices) in the
system Oten the state of a circuit is specified by the |logic
val ues stored in the storage devices of the circuit.

3.110 STATIC (MEMORY)

A static nenory consists of storage circuitry which
retains the data without refreshing as long as the power is
applied, unless it is altered externally.

3.111 STRUCTURE

A structure is the interconnection of one or nore basic
structures, i1.e., an interconnection of busses, random access
nmenories, registers, and conbinational |ogic.

3.112 STUCK-AT FAULT

Stuck-at fault refers to a fault nodel that allows any one
node in a circuit to pernanently be held at the logical 1 |evel
(stuck-at-1) or the logical 0 level (stuck-at-0).
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3.113 SYMBAOLIC SI MLATI ON

Synbolic simulation is sinulation of a design with the
i nputs represented by synbols (variables) so that the output of
the simulator is an expression of each output of the design as
a function of the input synbols. The function is closed over
the set of valid synbols.

3.114 TEST ANALYSI S

Test analysis consists of the exam nation and
interpretation of the responses to test stinmuli (test response)
of a device under test, in order to determi ne the operationa
condition of the device or to determ ne the cause or |ocation
of a failure.

3.115 TEST CH P

A test chip is a chip consisting of an assenbl age of test
structures, each designed to nmeasure one or nore paraneters

resulting from the fabrication process. It is usually
substituted for the production circuit at one or nore selected
sites on the production wafer. It may al so be used as a

process nonitor of dynam c device performance or radiation
har dness.

3.116 TEST GENERATI ON

Test generation is the process of determning test
patterns, test sequences, and the corresponding test responses
necessary to detect and locate a specified set of faults in a
specified circuit or device. Test generation may be perforned
manual |y, by conputer prograns, or by automatic test equipnent.

3.117 TEST PATTERN

A test pattern is a set of input signal values that are
applied to a device at any one tine. A test pattern is the
sanme as a test vector (see 3.127).

3.118 TEST PO NT

A test point is an input or output termnal (e.g., a pad
or pin of an integrated circuit) and the associated circuitry
that are added to a circuit to increase the controllability O
observability of the circuit during testing.
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3.119 TEST PROCEDURE

~The test procedure is a step-by-step description of the
detailed operations required to test a specific unit with a
specific test system

3.120 TEST REQUI REMENT ANALYSI S

A test requirement analysis consists of the exam nation of
documents such as schematics, assenbly draw ngs, and
specifications for the purpose of deriving test requirenents
for a device.

3.121 TEST REQUI REMENT DOCUMENT

A test requirement docunent is the docunent that specifies
the tests and test conditions required to detect and |ocate
faults in a device.

3.122 TEST RESPONSE

A test response is the set of output signal values that
are produced by a device under test when a sequence of test
patterns is applied to it.

3.123 TEST SEQUENCE

A test sequence is a set of related test patterns in a
specific order for application to a device under test during a
particul ar phase of testing.

3.124 TEST STRATEGY

~ Test strategr refers to the testing-rel ated aspects of a
design, which include the following: (a) the use of test

equi pment external to the CLSIC chip, acceSS|n? the CLSIC
through pins or probe pads; (b) the use of built-in test (BIT)
schemes, where testing circuitry is included on the chip
itself: and (c) the generation of test vectors, patterns, and
sequences related to both itens (a) and (b) (e.g., enploynent
of the D-algorithmor other nmeans of test generation).

3.125 TEST STRUCTURE (see 3.10)
3.126 TEST VALI DATI ON

Test validation consists of establishing the validity of
the testing software prepared for a specific device by
obtaining a quantitative neasure of the fault coverage provided
by such software by neans of either software or hardware
simul ation techniques.
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3.127 TEST VECTOR

A test vector is a set of signal values associated with a
device under test. The input vectors are those sets of values
that are applied (individually) to the device during testing.
The output vectors are the corresponding sets of values that
are expected fromthe device as a result of the input vectors.
Sets of output values which deviate from the expected output
vectors are indicative of the existence of l|ogical faults. The
test vector is the preferred termnology for, but has the sane
meaning as, the test pattern (see 3.117).

3.128 TEST VERI FI CATI ON

Test verification is that process, related to test
generation, by which the correctness of the testing software is
verified by running it on the automatic test equi pnent together
with the device under test, or a surrogate such as a hardware
fault sinmulator. The process includes the identification of
run-time errors, procedure errors, and other nonconpiler errors
not uncovered by pure software nethods.

3.129 TESTABILITY

Testability is an attribute of the design of a circuit
that allows its status (e.g., operable, inoperable, or
degraded) to be confidently determned in a tinmely manner by
testing the circuit. Testability may be neasured
guantitatively by the testing confidence |level (see 3.132).

3.130 TESTABLE DESI GN NMETHODOLOGY

A testable design nethodol ogy consists of a kernel circuit
structure and a test strategy. That portion of a testable
desi gn net hodol ogy which deals only with the hardware on the
chip itself constitutes a testable structural style.

3.131 TESTABLE STRUCTURAL STYLE

A testable structural style is an architecture or hardware
organi zation consisting of a circuit structure to be tested
(kernel) and associated structures that include built-in test
circuitry. Exanpl e architectures are LSSDs, BILBO designs, and
syndrone testable designs. A good testable structural style is
an appropriate matching between the kernel, which often is a
basic circuit structure having a well-defined design style. and
the built-in test features enpl oyed.
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3.132 TESTING CONFIDENCE LEVEL (TCL)

Testing confidence level (TCL) is a neasure of the
effectiveness of a set of test patterns. The testing
confidence level is usually specified as a percentage of the
possi ble single stuck-at (1 or 0) faults identified as detected
by a fault sinmulator after sinulation of the test. These
percentages can vary due to necessary nodeling work-arounds,
fault collapsing. or other factors.

3.133 TESTI NG SOFTWARE

Testing software consists of the total set of instruction
sequences utilized wth automatic test equipnment to control the
input test patterns, test sequences, and neasurenent paraneters
used in the testing of a device.

3.134 TOTAL DOSE (See 3.1)
3.135 VARIABLE SAMPLING TEST METHOD

The variable sanpling test nethod is a test nethod based
on a statistical analysis of either: (a) the neasured val ues
of the critical electrical paraneters after irradiation or
(b) the neasured radiation to failure val ues.

3.136 VERY LARGE SCALE | NTEGRATED Cl RCUI T(S)

A very large scale integrated circuit (VLSIC is simlar
to a large scale integrated circuit, but a VLSIC contains
10,000 to 100,000 | ogic gates (or an equivalent 30,000 to
500, 000 transistors).

3.137 WAFER LOT

A wafer lot consists of CLSIC wafers processed in a nanner

that requires every wafer to be subjected to each batch process
step as a group.

3.138 X-RAY., GAMVA RAY EXPOSURES

X-ray and gamma ray exposures are specified by the dose
rate and integral absorbed dose in the bulk sem conductor. For
silicon CLSICs, the dose rate is specified by Gy (Si)/sec and
t he absorbed dose by Gy(Si).
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SECTION 4
GENERAL REQUI REMENTS

401 JUSTI FI CATION FOR USE OF CLSICs

Standard devices should be used by the contractor if
system requirenents can be effectively nmet by their use.
Gt herwi se, CLSICs or other nonstandard devices nust be used.
The use of CLSICs rather than standard devices or sone other
type of nonstandard devices should be justified by the
contractor by tradeoff analysis. The analysis should include,
but not be limted to, consideration of the follow ng issues:

a. Avai lability of standard devices or other types
of nonstandard devices which satisfy system
requi renents

b. Potenti al advantages of using CLSICs

(compari sons of performance, power, mel?ht,. .
cost, off-chip interconnections, and reliability)

C. Denonstrated performance, reliability,
capability, and relevant experience of the
proposed CLSIC designer and manufacturer

d. Potential risks regarding schedule, cost,
radi ation hardness, and reliability

e. Long term availability of the CLSIC and
potential future supply problens as conpared to
ot her inplenentations

Prior to proceeding with a formal CLSIC acquisition, the
justification for the selection of a CLSIC should be presented
to the contracting officer or his designated representative on
the Parts, Materials, and Processes Control Board (PMPCB) for
concurrence.

4.2 APPLI CATI ON

The contractor policy regarding the application
requi rements of CLSICS should be documented. This policy
shoul d enconpass application conditions of the CLSICs as they
affect sensitive paraneters and maxi num rating variations
expected over the mssion life. CLSIC qualification tine
shoul d be included in the application considerations. The
application policy should also include derating due to
radi ation effects, if applicable.
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4.2.1 Conpliance with System Requirenents. The
requi renments of this handbook for CLSIC program control and
procurenent do not relieve the contractor of the responsibility
for complying with all the system performance and reliability
requirenents as set forth in applicable system specifications
and contracts. The radiation environnment should include all
natural environnents and nuclear threat environnents, as
applicabl e. The government contracting officer is responsible
for specifying the free field nuclear threat radiation
environment to which the space vehicle nmay be subjected during
the course of a m ssion.

4.2.2 CLSIC Selection. The contractor should select the
technol ogy. desi gn nethodol ogy, and production capability for
each CLSIC in accordance with system requirenents and the
criteria specified in this handbook. The selection should
maxi m ze the use of standard technol ogy and m nimze the
variety of different technologies used to satisfy program
desi gn and perfornmance requirenents. Prior to the fina
sel ection of a technology and production capability, a
radi ati on hardness feasibility study should be perforned to
assure that the planned CLSIC can satisfy the radiation
hardness requirenent.

4.3 CGSl C PROGRAM PLAN

The contractor, in conjunction with the CLSIC designer and
CLSI C manuf acturer, should develop a CLSIC program plan which
outlines the function and procedures to be followed to ensure
the acquisition of satisfactory CLSICs. The program pl an
should identify the various responsibilities and authorities as
well as the nethods to be used for integration, coordination
and approval of engineering, CLSIC design, design validation,
reliability analysis, hardness assurance, producibility, test
nmet hods, process controls, and product assurance efforts.

Met hods for integration and coordination of subcontractor
effort, nethods for tracking program performnce, plans and
schedules for CLSIC programreviews, and status reviews wth
the contracting officer should be included. The CLSI C program
plan is intended as a nmanagenent information docunent to help
all participants understand their roles and responsibilities in
relation to the entire effort. The contract (CDRL) should
require that the prelimnary CLSIC program plan be prepared and
submtted to the contracting officer 30 days after contract
award for review and approval. The contract (CDRL) should
require that the final CLSIC program plan be available for
review 30 days prior to the prelimnary design review for the
conponent requiring the use of the CLSIC. The plan is not

i ntended as a conpliance docunent unless so referenced in the
contract.
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4.3.1 Testability Assurance Program The contractor should
devise and inplenent a Conprehensive program to satisfy the
requi renents for testability of the CLSIC This testability
assurance program should be included in the program plan. A
testability assurance program should form an integral part of
the design effort at all I|evels.

4.3.1.1 Testability Requirenents. The contractor should
prepare testing and testability requirenments for the CLSIC
design to be carried out in each phase of the acquisition. The
requi renents should be based upon the specifications set forth
by the contract consistent with the requirenents for
functionality and reliability (see Appendix B). Testability
features of the CLSIC design should include consideration of
hardness assurance. The testability requirenments include the
nmeasures used for each fault type.

4.3.1.1.1 Fault Types. The contractor should define the
fault types (e.g., stuck-at faults, bridging faults, delay
faults, or other types) to be considered, including their
occurrence probability and characteristics (e.g., permanent or
intermttent) on which the testing strategy and testability
nmeasures should be based (see 3.1 in Appendix B). Speci al
attention should be paid to any mssion-critical failures that
can be identified.

4.3.1.1.2 Testability Measures. The two prinmary neasures
used to gauge the testability of the CLSIC design and the
effectiveness of its testing procedures, fault coverage, and
fault resolution should be determned (see 3.2 in Appendi x B).
O her measures may be useful in making design choices in
speci fic cases. The total set of possible neasures includes
the foll ow ng:

a. The fault coverage for each specified fault
type. that is, the percentage of possible faults
that are detectable. The average fault coverage
for all specified fault types, which is terned
the testing confidence |evel, should serve as a
singl e neasure of overall testability.

b. The resolution to which faults can be physically
| ocated on the chip via analysis of the test
dat a. This fault resolution can be neasured in
terns of transistors.

C. The hardware circuit overhead of the design
nmeasured by the percentage of hardware el enents
(e.g., transistors or logic gates) that are
included in the design exclusively to enhance
its testability.
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d. The chip area overhead neasured by the percentage
increase in the area of the CLSIC due to its
testability features.

e. Wiere applicable, the software and firmare
over head neasured by the percentage of software
and firmware instructions and mcroinstruction
that are included in the design exclusively to
enhance its testability.

f. The operating performance overhead of the design
nmeasured by the percentage change, if any, in
such functional perfornmance paraneters as maxi mum
cl ock frequency or maxi num duty cycle, due to
the testability features of the design.

g. The reliability overhead neasured by the change.
if any, in the reliability of the CLSIC due to
the testability features of the design.

h. Where applicable, the testing speedup, neasured
by the percentage decrease in testing tine due
to the testability features of the design,
conpared to the tine required to achieve the
sane level of fault coverage for a functionally
equi val ent design w thout those features.

4.3.1.2 Testability Synthesis. The contractor should
carry out a detailed analysis of the anticipated failure nbdes.
and devel op the necessary testing strategi es and design
techniques to neet the testability requirenents (see 3.3 in
Appendi x B).

4.3.1.2.1 Fault Characterization. The contractor shoul d
characterize the anticipated failure nodes for the CLSIC design

(see 3.3.1 in Appendix B). This characterization should take
into account the follow ng topics:

a. The circuit technology and fabrication
t echni ques to be enpl oyed

b. Detrinental environmental effects in the
i ntended application including radiation.
thermal and mechani cal stress, and power supply
fluctuations

4.3.1.2.2 Testing Techniques and Strateqgy. The
contractor should develop the necessary strategy to neet the
testing and testability requirenents of the CLSIC design. This
strategy should include such techniques as may be required for
functional validation and device acceptance as well as
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self-check and self-test capabilities required by reliability
considerations. The tests to be performed for each designated
failure node should be specifi ed. Test patterns may be
generated by neans external to the chip, or they may be
generated on the chip itself by means of built-in test features
(see 3.3.2 in Appendi x B).

4.3.1.2.3 Intermttent Failure Detection. To the extent
practicable, the CLSIC and associated software should be
designed 60 that a predictable built-in test response results
fromintermttent failures (see 3.3.3 in Appendix B).
Detection of a failure by built-in test features should be
followed by a second test of the indicated failing operation
whenever practical. The opti num nunber of repeated tests and
repeated failure indications necessary to establish a solid
failure condition should be determ ned.

4.3.1.3 Testability Evaluation. A net hodol ogy shoul d be
established to assess the effectiveness of such testability
features as are incorporated in the design (see 3.3.4 in

Appendi x B).

4.3.2 Product Assurance Program  The contractor and the
CLSI C manufacturer should establish, inplenment, and nmaintain a
product assurance program  The product assurance program
shoul d assure conpliance with the required quality, materia
control, reliability, and performance of the CLSIC including
the requirenment of this handbook, the requirenents of the
detail ed specification, and the requirenents of the contract.
The product assurance program should be docunmented in the CLSIC
program plan and shoul d detail:

a. Requi renment to be inposed during design,
processi ng, manufacturing, and testing

b. Records to be maintai ned
Al design, construction, and workmanship, including rework
permtted on CLSICs, should be acconplished in accordance wth
docunent ed procedures and safeguards. These procedures shoul d
be avail able for review

4.3.2.1 Contractor Product Assurance Program

4.3.2.1.1 Manufacturer Product Assurance Pl an. The
contractor should ensure that the manufacturer has a product
assurance plan which neets the requirenents of the CLSIC and
t hi s handbook.

4.3.2.1.2 Destructive Physical Analysis. A destructive
physi cal analysis, on a sanple basis, should be performed on
each | ot of CLSICs.
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4.3.2.1.2.1 Destructive Physical Analysis Mnagenent.
The contractor should identify the facilities to be used for
destructive physical analysis, and document the destructive
physi cal anal ysis nmethods and procedures to be used for
inspecting the internal materials, design, construction, and
wor kmanship of the CLSICs. These procedures should define the
| ot acceptance and reject criteria and should identify any
approvals required to initiate other special destructive
physi cal analyses. The facilities and procedures should be
revi ewed and approved by the contracting officer or the PMPCB
prior to performng any contractually required destructive
physi cal analyses. The destructive physical analyses may be
performed by the contractor, by the nmanufacturer of the CLSIC,
by an independent |aboratory, or by a conbination of
organi zations, as long as there is prior approval of the
facilities and procedures by the contracting officer or the
PVPCB.

4.3.2.1.2.2 Destructive Physical Analysis Policy.
Procedures, and Reports. A standardi zed destructive physica
anal ysis policy, procedure, and summary report format should be
est abli shed and used by all participants. The contractor’s
destructive physical analysis findings should be reviewed by
the PMPCB on a regul ar basis.

4.3.2.1.3 Configuration Control. The contractor shoul d
institute a continuous in-house assessnent of the physical
characteristics of the CLSIC. This configuration analysis
program shoul d include tasks that develop the follow ng four
interrelated data fornms:

a. Docunent ati on and controls used in the design of
the CLSICS
b. A configuration drawing or sketch which

geonetrically delineates a pictorial view

C. Correl ation of destructive physical analysis
results with a. and b., above

d. A manuf acturing baseline which contains a
process flow chart that accurately defines the
sequence of operations and the degree of
nmonitoring (including inspection points and
procedures) of each operation, and that
i ndi cates which operations are critical (i.e
may inadvertently cause a degradation of
radi ati on hardness or reliability). The
manuf act uri ng basel i ne should include applicable
physi cal di mensions and tol erances such as
junction depths, dielectric and conductor
t hi cknesses, and critical |ateral spacing.
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4.3.2.1.4 Source Surveillance. The contractor is
responsible for reviewing all design docunentation, product
assurance prograns, test procedures, and manufacturing
processes prior to the production of devices. After production
has been initiated, the contractor should perform i ndependent
surveillance and nonitoring functions related to fabrication
i nspection, and testing of devices. The contractor is also
responsi bl e for authorizing shipment of CLSICs from the
manufacturer. After receipt of CLSICs, the contractor should
perform any incom ng inspections and tests that m ght be
required to verify their integrity.

4.4 ROE OF PARTS, NMATERIALS, AND PROCESSES CONTROL BQARD

An authorized representative of the contracting officer
for parts, materials, and processes is usually the voting

menber of the PMPCB. In that case, the PMPCB approves the
sel ection and usage of CLSICs and nonitors the CLSIC program
t hr oughout devel opnent, design, procurenent, and test. The

contractor supports the PMPCB and designates a nenber whose
responsibility is to ensure that hardness is achieved during
design and production by requiring appropriate configuration
controls and processing procedures. Areas which should be
addressed by the PMPCB with respect to hardness assurance are
circuit design and | ayout, processing, testability, assenbly,
packagi ng, and handli ng.

4.5 PROGRAM AND DESI GN REVI EWS5

The contractor should periodically conduct program reviews
or technical reviews to exam ne CLSIC design nethodol ogy,
t echnol ogy sel ections, CLSIC design, developnent, technical
progress, manufacturing, testing, and conpliance with system or
program requi renents. The contractor should state in the CLSIC
program plan whether these reviews are intended to be part of
other contractually required reviews or whether they are
separately conducted reviews. The contractor should conduct
prelimnary design reviews and critical design reviews on the
CLSI GCs. The physical structures, electrical (functional) and
| ogi c design, design verification, testability, radiation
hardeni ng, and test coverage should be revi ewed. Partici pants
woul d usually include appropriate engineering, manufacturing,
product assurance, hardness assurance, and testing experts.

4.6 DETAILED SPECI FI CATI ON

The contractor should develop a detailed technica
requi rement docunent for each CLSIC It should conpletely
define the design nethodol ogy and technol ogy sel ection,
geonetrical configuration, performance requirenents, radiation
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hardness requirenents, electrical paraneters, screening, and

| ot conformance testing Requirenents (see Section 10). The
term “detail ed specification” is used in this handbook to refer
to this detailed technical requirenment docunent, regardless of
whether it is prepared as a detailed specification, a
specification control drawing, or a source control draw ng.

The prelimnary detailed specification requires review at the
conmponent prelimnary design review, and the final detailed
specification is reviewed at the conponent critical design

revi ew.

4.7 CAPABILITY AUDI T

A capability audit should be conducted by a capability
audit team prior to design and prior to fabrication of CLSICs.
The capability audit team should review the designer’s
capabilities to design CLSICs and the manufacturer’s
capabilities to produce CLSICs in accordance wth the
requi rements of this handbook and should issue a report of its
findi ngs and recommendati ons. Required corrective actions
shoul d be included in the audit report. The contracting
of ficer should notify the contractor, CLSIC designer, and
manufacturer in witing regarding approval of the capability
audit within 30 cal endar days of conpletion of the audit or
correction of discrepant conditions.

4.7.1 Designer Capability Audit. A capability audit team
would visit the designer’s facilities and assess the designer’s
capabilities to conply with the requirenents of the detailed
speci fication or contract.

4.7.2 Design Baseline. Subsequent to the designer
capability audit, the design baseline should be naintained
current and the resulting docunentation should be maintained
under configuration control follow ng approval of the
capability audit.

4.7.3 Manufacturer Capability Audit. A capability audit
team would visit the manufacturer’s facilities and assess the
manufacturer’s capabilities to conply with the manufacturing
and test requirenents of the detailed specification 01
contract. The manufacturing and assenbly baselines for the
applicable technology, in effect at the tinme of the audit,
shoul d be provided to the capability audit team Subsequent
maj or changes in a baseline should be submtted to the
contracting officer for approval.

4.7.4 Manufacturing Baseline. Subsequent to the
manuf acturer capability audit, the manufacturing baseline
shoul d be maintained current, and the resulting docunentation
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shoul d be maintained under configuration control follow ng
approval of the capability audit.

4.8 HARDENI NG AND HARDNESS ASSURANCE PROGRAM

The contractor should inplenment a program pertaining to
hardeni ng and hardness assurance, as applicable, for the
desi gn, devel opnent, construction, and testing of CLSIGCs. The
contractor should arrive at a baseline part that has the
requi red hardness, and then devel op and docunent a hardness
assurance program for the CLSIC which details the hardness
assurance tasks and responsibilities to assure that the
basel i ne hardness is achieved and nai ntai ned. Thi s program
should be reviewed at the component prelimnary design review
The hardness assurance tasks include, but are not limted to,
t he foll ow ng:

a. Formation of a hardness assurance organization

b. Devel opnent of a hardness assurance program plan

C. Devel opnent of hardness assurance design
docunent ati on

d. Representati on of hardness assurance issues at
the prelimnary and critical design reviews (PDR
and CDR)

e. Representation to the PMPCB and capability audits

f. Devel opnent of hardness assurance requirenents

for the detailed specification

4.8.1 Hardness Assurance (rganization. The contractor
should identify their organizational group or groups that have
responsibilities to inplenent, control, and coordinate hardness
assurance activities associated with CLSIGCs. This includes the
organi zational interface wth managenent on hardness assurance
issues and the review of assigned responsibilities to assure
that all aspects of the hardness assurance program are carried
out. The managers with responsibility for hardness assurance
i ssues should be identified.

4.8.2 Hardness Assurance Program Pl an. The contractor
shoul d devel op and docunent a hardness assurance program plan
for CLSICs which details the hardness assurance tasks and
identifies responsibilities for assuring that the tasks are
carried out. Thi s hardness assurance program plan should be
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i ncorporated as part of the overall program plan for CLSICs,
and should address the following itens:

a. Description of the hardness assurance
organi zation with designated responsibilities

b. Responsibilities of representatives to
prelimnary design reviews, critical design
reviews, the PWMPCB, and capability audits

C. Definition of the system radiati on environnents

d. Specification of worst case CLSIC radiation
envi ronment ( s)

e. Definition of failure in each radi ation
envi r onnent

f. Specification of end point electrica
parameters, tolerances, and recovery tine
followi ng a nuclear event and paraneter val ues
at the end of m ssion

g. Mai nt enance of a radiation characterization data
base for use in feasibility analyses

h. A feasibility analysis which denonstrates that
t he proposed design and technol ogy are adequate
for the radiation requirenents

I dentification of hardness assurance critica
factors in design, |ayout, processing, assenbly,
and handl i ng

j. I dentification of hardness assurance testability
requi rements and test chips

k. A verification analysis and test
. Devi ce categorization in each environnment

m Preparation of the radiation test requirenents
for the detailed specification

n. Devel opnent of hardness assurance design
docunent ati on

4.8.3 Hardness Assurance Design Docunentation . The
contractor should prepare a Hardness Assurance Design Docunent
which details all radiation response data, analyses, and
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requi rements for the CLSIC The desi gner should provide the
contractor with the data needed to establish this docunent. Thi s
docunment ati on should include but not be limted to:

a. Crcuit schematic, functional description, pin
out, operating conditions, and application

b. Specification of worst case radiation environnent
for each application of CLSICs

C. Definition of functional failure and naxi num
al | oned degradation of all critical paraneters for
each radiation environment

d. Radi ation characterization data base for each
circuit

e. Results of feasibility study for each circuit

f. Results of verification analysis and tests

0. Testability requirenment and description of

har dness assurance test chips

h. List of critical design and processing paraneters
in each radiation environnent

Categorization of CLSICs in each radiation
envi r onment

j. Lot acceptance criteria and test results
k. Any hardness-dedi cated features of the design

4.8.4 Prelimnary and Critical Design Reviews(PDR & CDR).
The contractor should have a hardness assurance representative
present at the prelimnary and critical design reviews. The
contractor should ensure that all system design decisions that
affect hardness assurance of CLSICs are nade with the concurrence
of the hardness assurance representative. In addition, the
representative should ensure that the hardness assurance program
pl an, the hardness assurance design docunentation, and the
detailed specification are appropriately nodified, if necessary,
to incorporate any hardness assurance critical decisions nmade at
the prelimnary and critical design reviews.

4.8.5 Capability Audits. The hardness assurance
Organi zati on should assure that hardness assurance issues are
considered in the designer and manufacturer capability audits.
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The hardness assurance program manager should assign a nenber
of his organization to the audit team or coordinate with the
audit team chairman to assure that hardness assurance issues
are given consideration during the audit.

4.8.6 Detailed Specification. The detailed specification
for a specific CLSIC should state the applicable radiation
hardness requirenments for design, |ayout, processes, assenbly,
packagi ng, handling, test chips, testable networks, speci al
probe and bond pads, electrical and radiation prelimnary
screens, radiation |ot sanple tests in each environnment (for
which the part is category 1), sanple sizes (per wafer when
specified), test nethods, confidence and probability of
survival requirenent, radiation specification levels, part
failure criteria, radiation test procedures, radiation test
facilities and dosinetry, data analysis, failure analysis and
| ot acceptance criteria, and radiation 100 percent screens (if
any) .

4.8.7 Manufacturer Requirenents for Hardness Assurance
Desi gn Docunentation. The contractor is responsible for the
har dness assurance design docunentation which sunmarizes all
radi ati on hardness manufacturing activities and test results
and that serves as the basis for the radiation testing
requi renents specified in the detailed specification. The
manuf act urer should prepare and nake avallable to the
contractor docunments which identify the elenments in the design
and construction of CLSIC that are critical to hardness
assurance. Exanpl es are: critical design and processing
paraneters for each radiation environnment; radiation
characterization data on test devices, test elenents,
subcircuits, or library cells processed with the same
processi ng technol ogy used for the CLSICs; hardness
verification analysis and tests; and all radiation
characterization tests on actual CLSICs fabricated with the
process technol ogy used for the customcircuits.

4.8.8 Radiation Testing. The radiation test nethods
shoul d be in accordance with the detailed specification. The
| ot confornmance tests, sanple plan, and acceptance criteria
shoul d be as specified in the detailed specification. Wen
nondestructive radiation screening tests are required for the
CLSI C, the manufacturer should use the test nethods and
procedures required by the detail ed specification.

4.9 CLSIC NMASTER SCHEDULE

The contractor should develop and nmaintain a naster
schedule for the CLSIC programthat shows the schedul e of mgjor
m | estones and formal reviews.
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SECTION 5
DESI GNER CAPABI LI TY AUDI T

5.1 GENERAL REQUI REMENTS FOR A DESIGNER CAPABILITY AUDIT

The request for a designer capability audit is submtted to
the contracting officer by the contractor. The audit team
reviews the designer’s capability in the areas of organization.
program managenent, design, design rules, design verification
configuration control, and docunmentation as applicable. The
designer is presented with a prelimnary list of discrepancies
found by the audit team nenbers during the exit critique. Each
audit team nmenber submts to the audit team chairman, within 10
wor king days following the audit, a letter detailing findings,

di screpanci es, and recommendati ons. The chairman submts a
formal report sunmmarizing the audit findings, including required
corrective actions, to the contracting officer, contractor, and
designer wthin 20 working days followi ng the audit. The
contractor and designer are advised of acceptable designer
capability by the contracting officer subsequent to correction
of discrepancies or inplenentation of corrective actions.

5.2 AUDIT TEAM

5.2.1 Menbers of the Audit Team The audit team should be
conposed of nenbers representing the contractor(s) and the
contracting officer. The audit team would normally consist of
four to six nenbers nom nated by the contractor. The
contracting officer should approve the nenbers of the audit team
and select the chairman for the audit.

5.2.2 Responsibilities of the Audit Team Chairnan. The
audit chairman’s responsibilities include the follow ng:

a. Review the technical qualifications of the audit
t eam nmenbers.

b. Schedul e the audit in coordination wth the
designer and audit team nenbers.

C. Inform the team nenbers of the audit schedul e not
| ess than 20 working days in advance.

d. Ensure that the team nenbers received the

appl i cable preaudit docunents from the designer
prior to the actual audit.
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e. Conduct neetings wth the audit team nenbers
during the audit.

f. Conduct the exit critique.

9. Prepare a report to the contracting officer

within 20 working days identifying any
deficiencies or discrepancies and stating the
recommended acti ons.

h. Schedul e and arrange for reaudit or followup
audi t .

Ensure that the designer’s proprietary
information is properly safeguarded.

5.2.3 Deficiencies. The deficiencies or discrepancies are
classified according to their severity. The audit team should
determ ne whether correction of the deficiencies is required or
reconmended. A reaudit may be scheduled to ensure that the
di screpanci es are corrected.

5.3 DESIGNER AUDI T DETAILS

Detailed information should be given on the designer’s
recent design, fabrication. reliability. and testing experience
as well as other acconplishnments in the proposed technol ogy and
device conplexity. The information should also include nanmes of
users, descriptions of devices, and dates of devel opnent and
manuf act ure.

5.3.1 Designer Preaudit Infornmation. The desi gner shoul d
submt to the audit team chairman, at |east 20 working days
before the schedul ed audit, docunments describing the designer’s
prior experiences and acconplishments in CLSIC design and
i npl enent ati on. The docunents should also include: an
organi zation chart; list of facilities, equipnent, and
personnel ; schedule; and the design baseline as detailed in the
foll owi ng paragraphs.

5.3.1.1 Oganization Chart. The chart should show t he
lines of authority for origination, approval, inplenentation,
and control of designs of the proposed CLSIC

5.3.1.2 Facilities, Equipnent, and Personnel. I nformation
shoul d be given on the facilities, equipnent, and manpower to be
dedi cated to the proposed program

5.3.1.3 Schedul e. An estimated schedule, with
internediate mlestones, should be given for the delivery of the
CLSI C desi gn.
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5.3.1.4 Design Baseline. The design baseline applicable
to the CLSIC should be identified.

5.3.2 Audit Team Plan and Approach. The follow ng issues
shoul d be addressed by the audit team

a. Choi ce of technol ogy
b. Desi gn phi | osophy
C. Design rules and data base

d. Design tools

e. Mask verification to the logic and to the circuit
anal ysi s

f. Engi neering release system

g. Change controls (process, materials, and design)

h. Manufacturing interface including failure

anal ysis and device characterization

5.3.3 Evaluation of Designer’'s Capabilities. The audit
t eam shoul d evaluate the designer’s capabilities.

5.3.3.1 Design and Design Verification Procedures. The
design, design for testability, circuit design rules, |ayout
rules, analysis, and tests should neet the requirenents of the
detail ed specification or contract. The procedure and controls
used for inplenenting the design requirenents into physica
| ayout and processing requirenments, such as masks and diffusion
information, should be docunented. The interface procedures and
controls between the designer, manufacturer, and testing
organi zati on should be defined.

5.3.3.2 Conputer-Aided Design Capability. The
conput er - ai ded design capability should be denonstrated to the

audit team Its capability should include, but not be limted
to:

a. Logi c sinulation

b. AC and DC anal ysi s

C. Design graphics capability to generate circuit
schematics, topological |ayout, synbolic |ayout,
and docunentation

d. Desi gn rul e checking
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e. Geonetrical pattern generation and wafer nask
fabrication

f. Cell library (gates, macrocells, custon

9. Test pattern generation

5.3.3.3 Testability and Fault Tol erance Design
Capability. The designer should denonstrate the capabilities in
designing specified testable CLSIGCs. In addition, the
capability of designing special test chips or structure(s) to be
used for process control, electrical tests, and radiation
response shoul d be docunented. The neans of eval uating
testability in a quantitative manner should be denonstrated.
The procedures for validating the in-process screening,
post - assenbly screening, and |ot conformance tests should be
descri bed.

5.3.3.4 Design Validation. The approach to final design
val i dation shoul d be descri bed.

5.3.3.5 Docunentation. The design standards and interface
controls shoul d be docunented.

5.3.3.6 Packagi ng Design. The designer shoul d provide
i nformati on which denonstrates that the packages planned for
usage are suitable for high reliability applications.

5.3.3.7 Power Dissipation. The designer should
denonstrate anal yses of power dissipation requirenents by
conducting thermal design and analysis or thermal verification
tests.

5.3.4 Hardness Assurance. The designer should denonstrate
capability of neeting the hardness assurance requirenents, when
applicable, for the design and devel opnent of the CLSIC
i ncluding the foll ow ng:

a. The use of layout rules, circuit design rules,
processi ng, assenbly, and packaging, critical to
har dness

b. Experi ence in hardness assurance nodeling and

analysis, testing techniques, and data anal ysis
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SECTI ON 6

MANUFACTURER CAPABI LI TY AUDI T

6.1 GENERAL REQUI REVENTS FOR A NMANUFACTURER CAPABILITY AUDI T

The request for a manufacturer capability audit is
submtted to the contracting officer by the contractor. The
audit team should review the manufacturer’s capability in the
areas of organization, program nmanagenent, process control
material control, tool control, corrective action procedures,
testing, screening, wafer |ot acceptance, fabrication, assenbly,
environnmental tests, electrical characterization tests, product
assurance progranms, and docunentation as applicable. The
manufacturer is presented with a prelimnary |ist of
di screpancies found by the audit team nenbers during the exit
critique. Each audit team nenber submts to the audit team
chairman, within 10 working days following the audit, a letter
detailing findings, discrepancies, and recommendations. The
chairman submts a formal report sunmmarizing the audit findings,
including required corrective actions, to the contracting
officer, contractor, and manufacturer wthin 20 working days
followi ng the audit. The contractor and manufacturer are
advi sed of acceptable capability by the contracting officer
subsequent to correction of discrepancies or inplenentation of
corrective actions.

6.2 AUDIT TEAM

6.2.1 Menbers of the Audit Team The audit team should be
conposed of nenbers representing the contractor(s) and the
contracting officer. The audit team would normally consist of
four to six nenbers nom nated by the contractor. The
contracting officer should approve the nenbers of the audit team
and select the chairman for the audit.

6.2.2 Responsibilities of the Audit Team Chairman. The
audit chairman’s responsibilities include the follow ng:

a. Review the technical qualification of the audit
t eam nenbers.

b. Schedul e the audit in coordination with the
manuf acturer and audit team nenbers.

C. Inform the team nenbers of the audit schedul e not
| ess than 20 working days in advance.
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d. Ensure that the team nenbers received the
appl i cabl e preaudit docunents from the
manuf acturer prior to the actual audit.

e. Conduct neetings wth the audit team nenbers
during the audit.

f. Conduct the exit critique.

g. Prepare a report to the contracting officer

within 20 working days identifying any
deficiencies or discrepancies and stating the
recommended actions.

h. chedule and arrange for reaudit or follow up
audi t .

Ensure that the manufacturer’s proprietary
information is properly handl ed.

6.2.3 Deficiencies. The deficiencies or discrepancies are
Classified according to their severity. The audit team shoul d
determ ne whether correction of the deficiencies is required or
recommended. A reaudit may be scheduled to ensure that the
di screpanci es are corrected.

6.3 MANUFACTURER AUDI T PROCESS

6.3.1 Manufacturer Preaudit Information. The manufacturer
should submt to the audit team chairman, at |east 20 worKking
days before the schedul ed audit, docunents describing the
manuf acturer’s recent experience in fabricating and testing
CLSI C devices with conplexity and technology simlar to the
proposed CLSIC. The information should include the names of the
users, the description of the devices, and the dates of
devel opnent and nmanufacture. The docunents should al so include
an organi zation chart; a list of facilities, equipnent, and
personnel ; a schedule; and the manufacturing baseline as
detailed in the follow ng paragraphs.

6.3.1.1 Oganization Chart. The chart should show t he
lines of authority and responsibility for origination, approval,
i npl erentation, and control of the fabrication, inspections, and
testing of the proposed CLSIC

6.3.1.2 Facilities, Equipnent, and Personnel. I nformation
shoul d be given on the facilities, equipnent, and manpower to be
dedi cated to the proposed program

6.3.1.3 Schedul e. An estimated schedule, with
internmedi ate ml estones, should be given for the delivery of the
CLsIC
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6.3.1.4 Manufacturing Baseline. The manuf acturing
basel i ne applicable to the CLSIC should be identified.

6.3.2 Audit Team Plan and Approach. The follow ng issues
shoul d be addressed by the audit team

a. Facilities

b. Test equi pnent

C. Process controls

d. Material controls

e. Quality controls

f. Change controls

g. Engi neering interface including failure analysis

6.3.3 Evaluation of Manufacturer’'s Capabilities. The
audit team should evaluate the manufacturer’s capabilities
including the follow ng areas.

6.3.3.1 Manufacturing Baseline. Specific details of the
fabrication process should be docunmented by the manufacturer and
should be made available to the audit team contractor, or
contracting officer, upon request. These should include, but
not be limted to, the following itens: specification of the
initial wafer conditions including crystalline orientation
uni form doping level, and dopant(s), if present. Al processing
step information should be presented in the order in which the
steps are to be perforned, and tine and tenperature data should
be provided for each step. For oxidations, the anbient should
be specified. For ion inplantations, the inplanted el enent.
dose, and energy should be specified. For diffusions, the
inmpurity and the source should be detailed. For epitaxia
growt h, the source, target epitaxy thickness, inmpurity elenent,
and target concentration should be provided. For chem cal vapor
deposition, the deposited material and target thickness should
be detailed. Typical inpurity profiles for the devices on the
CLSI C should be provided to the contractor or contracting

of ficer upon request. The follow ng should be included:
nmetal lurgical junction depths, surface inpurity concentrations,
sheet resistivities (for all layers), and device vertical and

| ateral dinensions and tol erances for each device type
represented in the CLSIC

6.3.3.2 Manufacturing and Product Assurance Program The
product assurance program should denonstrate and assure that the
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manuf acture, inspection, and testing of the CLSIC and associ ated
test structures are in accordance with requirenents for space
quality parts, the requirenents of applicable specifications,

and the requirenents herein.

6.3.3.3 Fabrication and Wafer Process Control. The
fabrication capability of the manufacturer for the proposed
CLSI C technol ogy and conplexity should be denonstrated. The
process control procedure(s) should be docunented and
denmonstrated to the audit team

6.3.3.3.1 Wafer Lot Acceptance. Wafer |ot acceptance
tests should be in accordance with the detail ed specification.

6.3.3.3.2 \afer Probe. The manufacturer should provide
information relative to the wafer probe test capability and
final test capabilities including availability of:

a. Test progran(s) and contro
b. El ectrical paraneter test capability information
C. Adequat e equi pnent (e.g., for testing at

tenperature extrenes)

6.3.3.3.3 Fabrication Capability. The manufacturer should
denonstrate the capability to perform and control the follow ng
processes and steps:

a. Incom ng materials inspection to the acceptance
criteria

b. Cali bration

C. Envi ronnental control (s)

d. Purity control of water and materials

e. Wafer fabrication (including all processes,
process records, and controls)

f. Cont am nat i on

9. Deposition of dielectrics

h. Assenbl y
i Mask fabrication and inspection

j. Qperator training and certification
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6.3.3.3.4 Process Control. The manufacturer should
identify all the controls maintained on the incomng materials,
environments, and wafer fabrication process. The records should
include charts with paraneter limts that show conti nuous
control of the processes.

6.3.3.3.5 Test Structures. The manufacturer should
descri be and denonstrate capabilities of the paranetric test
structures used in process control and evaluation, both
individually and in selected conbinations thereof, and indicate
the acceptance criteria derived fromthem

6.3.3.3.6 Metallization. Evi dence shoul d be presented
whi ch denonstrates the quality and stability of the
netal lization layers and other intraconnects, as applicable.
This includes consideration of electromgration, nmaxinmm
al l omabl e current density used in the design, and maxi nmum
tenperature applicable to testing and system usage. The
equi prent and procedures for conducting scanning electron
m croscope (SEM exam nations should be denonstrated.

6.3.3.3.7 Capacitance versus Voltage Plotting. The
techni ques, equipnent, frequency of test, and test conditions
including tinme, tenperature, and bias should be specified and
denonstr at ed.

6.3.3.3.8 Assenbly and Package Controls. The manuf acturer
should nonitor the assenbly steps and sealing operation and
docunent the procedures enployed and the limts inposed. The
manuf act urer should docunent the corrective action taken for
| ots which exceed any of the paraneter limts.

6.3.3.3.9 Die Shear and Wre Bond Pull Tests. \Were
applicable, a die shear test and a wire bond pull (destructive
and nondestructive) test capability should be denonstrated by
t he manuf acturer. Docunent ati on shoul d include sanple size,
frequency of testing. records, traceability and recall, and
di sposition of all units bonded followng the failure of a test.

6.3.3.3.10 Internal Visual Inspection. An internal visua
i nspection capability should be denonstrated by the
manuf act urer. Capability of neeting the requirenent of Method
2010, M L-STD-883 should be denonstrated, as applicable to the
proposed CLSIC

6.3.3.3.11 Dielectric Defects. For technol ogi es which use
thin dielectrics (less than 0.2 mcroneters thick), the
manuf act urer should denonstrate the in process neans of
measuring and controlling defects in the dielectric |ayers.
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6.3.3.4 Acceptance Tests. The equipnent, test nethods,
control, and procedures for conducting the post-assenbly
screening tests and the |ot conformance tests should be
docunented, and the tests should be denonstrated to the audit
t eam

6.3.3.4.1 Post-assenbly Screening Tests. The manuf act urer
shoul d denonstrate capability to perform the applicable
post - assenbly screening tests and should provide docunentation
for conducting the tests. The applicabl e post-assenbly tests
i ncl ude:

M L-STD- 883 Met hod

a. Lead integrity 2004
b. Stabilization bake 1008
C. Burn-in test 1015
d. Steady-state life 1005
e. Tenperature cycling 1010
f. Constant accel eration 2001
g. PIND 2020
h. Fi ne and gross seal 10°

i Internal water vapor content 10le

j. Resi stance to sol vent 2015
k. Sol derability 2003
. Radi ogr aphi ¢ inspection 2012
m El ectrostatic discharge 3015
sensitivity

n. I nternal visual 2010
0. Internal visual for DPA 2013
p. O her tests as may be

applicable to the CLSIC

6.3.3.4.2 Electrical Tests. The manufacturer should
provide a program plan outlining nethods used to verify that the
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CLSIC electrical characterization neets design requirenents. In
addition, the manufacturer should denonstrate the ability to
conduct other required activities follow ng the post-assenbly
screening tests and the end point electrical neasurenents
following radiation testing. These include:

a. Static, dynamic, and functional tests at various
tenperatures and speeds

b. Delta conputation and data anal ysis

C. Acceptance and rejection criteria

d. Test procedures and controls

e. O her tests as may be applicable to the CLSIC

6.3.3.4.3 Failure Analysis and Corrective Action
Capabilities. The manufacturer should denonstrate the
capability of performng failure analysis and should provide
docunment ati on on:

a. Failure reporting system

b. Facilities and equipnent i st

C. Failure analysis reports

d. Corrective analysis reports and corrective action

procedures

6.3.4 Hardness Assurance. The manufacturer shoul d
denonstrate the capability of neeting the hardness assurance
requirements, when applicable, for the fabrication and testing
of the CLSIC, including the follow ng:

a. Radi ation effects analysis including results of
past studies

b. Capability of providing test structures or
conbi nations of test structures which yield
information that can be used for radiation
response testing and anal ysis

C. Radi ation testing procedures and anal ysis

d. Experience with radiation facilities and dosinetry

In those cases where the manufacturer subcontracts all

radi ation effects analysis and testing, the manufacturer should
denonstrate, by exanple, his ability to manage such contracts.
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SECTI ON 7
CLSI C CONCEPTUAL PHASE

The conceptual design phase is the initial phase of the
technical program  During this phase, the formal descriptions
of the behavior and architecture of the integrated circuit(s)
are devel oped including the nmajor building blocks, their
i nterconnection, and the layout or chip floorplan, The choi ce
of design nethods and the specification of requirenents for the
behavi or, performance, power consunption, reliability.
testability, and interface of the CLSIC should be described.
Tradeoffs between potentially conpeting factors are to be
identified and anal yzed. The functional design of the CLSIC
shoul d be as general as possible within the constraints and
requi renments of the application. These itens shoul d be
docunmented and submitted for review to the PMPCB before the
functi onal design phase is inplenented.

7.1 DESIGN REQUI REMENTS, DESCRI PTION, AND SYNTHESI S

7.1.1 System Behavioral Description. The behavi or al
requi renents for the proposed CLSIC design should be
establ i shed, based upon the system behavior in which the CLSIC
Is enbedded. An analysis of the system behavior should be
perfornmed by the contractor, or furnished to the contractor by
the contracting agency, according to the contract statenent of
wor K. The system behavi or should be described formally, either
by neans of fornal 3raphic nodels or with a hardware descriptive
| anguage, and should include descriptions of data flow and
control flow If an informal description is furnished to the
contractor by the contracting agency. then the contractor should
translate this description into a formal one.

7.1.2 CLSIC Behavioral Description. The CLSI C behavi or
shoul d be described, using either fornmal graphic nodels or a
har dwar e descriptive |anguage. This description should contain
the externally visible behavior and interface to the programer,
if the CLSIC is programmabl e. The conplexity of the CLSIC
architecture may require hierarchical deconposition of the
design to allow adequate description before initiation of the
register-transfer and | ogic design. Shoul d this be the case,
only the highest |evel of design should be described during this
phase, with lower |evels of design being addressed during the
functi onal design phase. The description of the CLSIC should
i ncl ude descriptions of data flow and control flow They may be
conbined in a single description (e.g., wth a hardware
descriptive | anguage). This description should include any
behavior resulting from fault-tolerant or testing requirenents.
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7.1.2.1 Data Flow The data flow description should
include the follow ng information:

a. The input and output specification for the
integrated circuit

b. The set of operations to be perforned on the data

C. The ordering of operations on the basis of data
availability and the potential parallelismin the
desi gn

d. The required accuracy (bit w dths and

representation) of the data

Tools to describe data flow include hardware descriptive

| anguages, data flow graphs, and data flow | anguages. The
choice of the descriptive tool depends on the descriptive
requi rements of each design.

7.1.2.2 Control Flow The control flow description should
contain a specification of the timng of the input and out put
data sequences and a specification of when and under what
ci rcunstances each operation in the data flow is perforned.
Tools to describe control flow include hardware descriptive
| anguages, Petri Nets, state diagrans, and state tables. The
choice of a descriptive tool depends on the descriptive
requi rements of each design. Precise timng of inputs and
outputs, conditional execution, concurrent operations, major
state sequencing, and response to error conditions should be
included in the control flow description whenever applicable.

7.1.3 Architecture. The architecture of the CLSIC
corresponding to the behavioral description should be
speci fi ed. This specification should include the follow ng
information, as applicable:

a. The maj or buil ding blocks and their
i nterconnection, in block diagram form
b. The size of nmenory and nunber of registers

avai l able to the programer
C. The general |ayout or floorplan
7.1.3.1 Design Style. The gl obal shape of the data fl ow,

as it is to be inplenented in hardware, is described by the
desi gn style. Exanpl es i ncl ude:

a. Central arithnetic logic unit
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b. Random (unstruct ured)
C. Par al | el
d. Pi pel i ned

The design style chosen for utilization should be
descri bed, preferably in a hardware descriptive |anguage. The
basis for selection of the design style should be docunented and
shoul d include a tradeoff analysis.

7.1.3.2 Design Rules. Any architectural-level design
rules that can be defined at this time, based on the analysis of
the system requirenents and prelimnary design constraints.
shoul d be docunented for use in subsequent design phases. (An
exanple of such a rule would be a requirenent that a
programmabl e chip contain unused opcodes for future extension.)

7.1.4 Technol ogical Requirenments and Constraints.

- 7.1.4.1 Packaging The integrated circuit should be
designed for use in a hernetically seal ed package enpl oying
gl ass, netal, ceramc, or conbination of these naterials.

7.1.4.2 Interfacing. System interfacing requirenents
shoul d be established and docunented, both for use as a basis
for package pin-out and for reference in subsequent design
phases.

7.1.4.3 Power Consunption. Power consunption limts
shoul d be established, based on system constraints.

7.1.4.4 Oher. O her technol ogical requirenents and
constraint having inpact on the architectural -l evel design and
specification of the integrated circuit should be identified and
docunented by the contractor and included in the prelimnary
desi gn specification.

7.2 RELIABILITY REQU RENENTS

The contractor should determne the reliability
requirenents for the CLSIC and performa reliability analysis of
t he pl anned desi gn. The requirenments and anal ysis should be
based on the specifications set forth by the contract and should
be consistent with the requirenments for systemreliability
(based upon mssion lifetine, operating environnent, and
radi ation vulnerability). Both nean tinme between failures and
mean time between errors should be included. Mul tiple
si mul taneous soft errors should al so be considered. The
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contractor should incorporate such fault-tolerant techniques as
may prove necessary to enhance the inherent reliability of the
circuitry and to neet the required reliability |evels. Such
t echni ques include the followi ng, both individually and in sone
conbi nat i on

a. Redundancy

b. Error detection and correction

C. Sel f check

d. Self test and self reconfiguration

e. Testability

The inplenentation of these techniques should be consistent
and conpatible with the requirenents for testability.

7.3 DESIGN VALI DATI ON AND VERI FI CATI ON

When practical, the method for verifying |ogica
correctness of the design should involve formal proof techniques
(for exanple, synbolic sinulation). | f such techni ques cannot
be used on sections of the CLSIC, the behavior of the CLSIC
should be sinmulated to denonstrate total conpliance with the
behavi oral requirenents of the systeminto which the CLSICis to
be enbedded. The nodel to be sinmulated should be the behaviora
descri ption. If no further design levels (between the |ogic
design level and this level) are identified, then this
simul ati on nodel should serve as a reference for all
verification and validation processes associated with the |ogic
| evel . The input test data for the sinulation should be chosen
such that each conditional branch in the nodel is sinulated at
| east once.

7.4 TRADEOFFE ANALYSI S

A conprehensive tradeoff analysis (at the conceptual |evel)
shoul d be perfornmed and docunent ed. The anal ysis should treat
the issues of testability, reliability, hardness, and behavior,
W th consideration of system requirenents and constraints.
Architectural tradeoffs should be addressed, including
alternative assignnments of functions to structures and
alternative fault-tolerant inplenmentations. The relative nerits
of built-in test structures versus external test equipnent
utilization for the particular design and application should be
exam ned with respect to constraint on testability and testing.
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7.5 CONCEPTUAL DESI GN DATA BASE

The conceptual design phase data base should contain the
descriptions of the overall behavior, major internal building
bl ocks, internal interconnection, and the chip floorplan of the
integrated circuit. Any information (such as that used for
simul ati ons and analysis) which influenced the architectura
desi gn process, including system |level infornmation and
docunentati on of the conceptual design phase, should be included
in the data base. The docunentation should contain the
rationale for the choice of design style and design nethods and
the tradeoff analyses between potentially conmpeting factors in
t he design. Included in the conceptual design docunentation
should be a statement explaining the prelimnary architectura
desi gn decisions influenced by the intended system usage. Al
rel evant docunents, reports, diagrans, and software containing
information used in the architectural design should also be
included in the docunentation package. Thus, the data base
shoul d constitute the conceptual design and should be used as a
means of conmunicating design requirenents.

7.6 TESTABILITY ANALYSIS. CONCEPTUAL DESI GN PHASE

During the conceptual design phase, the testability of the
CLSI C design should be analyzed in a qualitative nmanner to
ensure that the required level of testability can be achieved
(See 3.5 in Appendix B). This analysis should give particular
attention to the follow ng topics:

a. The provision of a sufficient nunber of test and
control points for test pattern injection and
response observation

b. The ability to partition the design into
subcircuits that allow the required |evels of
fault coverage to be achieved. Particul ar
attention should be paid to the testability of
redundant circuitry

C. The ability of the built-in test features to neet
t he sel f-checking requirenents of the design.

d. The formulation of the specific testability
nmeasures or figures of nerit to be used, which
shoul d include testing confidence level, testin
speedup, hardware circuit overhead, software an
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firmvare overhead, perfornmance degradation (if
any), fault resolution, and reliability
degradation (if any). The range of values for

t hese neasures permitted in the design should be
specified by the contractor and submtted to the
contracti ng agency for approval. The contractor
shoul d al so specify the nmeans to be used to
validate the CLSIC design with respect to the
proposed testability neasures.

7.7 RADI ATI ON HARDNESS, CONCEPTUAL DESI GN PHASE

Prior to any decision to initiate the devel opnent of CLSICs
for a system an assessnent should be perforned by the
contractor to determne the feasibility of neeting the hardness
requirements with a given design and technol ogy (see
Appendi x A). In order to performthis feasibilitK stud%, t he
PrPFeduéeS outlined in the follow ng paragraphs should be

ol | owed.

7.7.1 Device Radiation Specification Level. The
contractor should obtain. by analysis, the radiation

environments that the CLSICs would be exposed to during the
course of a mssion. These environments should be deternmn ned
fromthe free field radiation environnments specified for the
system Then, using the proposed system configuration, one
shoul d estinmate or calculate the transport of the free field
environment to the CLSIC |ocation. These device radiation
environnment |levels, or the worst case levels during the service
life, should be used as the radiation levels for the design.
product evaluation. characterization. and |ot conformance
testing (see Appendix A). If a proposed CLSICis to be used in
nore than one application, the device radiation |evel specified
for each environnment should correspond to the worst case
application.

7.7.2 Device Performance Requirenents. The contractor
shoul d specify the end point electrical and tim ng paraneters,

tol erances, and recovery tine allowed follow ng a nuclear event,
if applicable. The end of mssion electrical and timng
paraneters should al so be specified. Exanpl es are maxi mum cl ock
frequency and power supply current for total dose irradiation on
MOXS circuits and output drive and input |eakage for neutron
irradiation on bipolar circuits.
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7.7.3 Radiation Characterization Data Base. The
contractor should be responsible for establishing a radiation
effects characterization data base for the proposed technol ogy
to be used for the CLSICs. The data base shoul d include, but
not be limted to, all anticipated environnents of the m ssion.
The order of preference for these data should be:

a. First, data from custom |large scale integrated
circuits simlar in function to the proposed
device that were built with the proposed
technol ogy using the sane process baseline and
design rules.

b. Second, data from medi um scale integrated
circuits that were built with the proposed
t echnol ogy.

co Last, if “a” or “b” is not available for

characterization, an experinmental circuit using
sizes conparable to those in the proposed CLSIC
and using the proposed technol ogy should be
designed and built for initial product evaluation
testing to determne the radiation

characteri zation.

All circuit and test structure characterization data shoul d
be taken on devices nmanufactured by the proposed nmanufacturer of
the CLSIC. This data base should be maintained in order to
determine the feasibility of neeting the radiation requirenents
with the proposed design and technol ogy for the CLSICs.

7.7.4 Eeasibility Analysis for Meeting the Radiation
Requi r enent s. The contractor should denonstrate, by analysis,
that the proposed design and technology for the CLSICs are
capable of neeting the radiation requirenents. Thi s anal ysi s,
including latch-up analysis, should be based on the radiation
performance paraneters derived from the characterization data
base, the electrical performance requirenents established for
the CLSIC, and the radiation environnents derived for the
CLSI C. If the only data available are on test structures or
test devices, then the feasibility analysis should involve a
circuit analysis using degraded device performance or transient
response to predict the CLSIC performance. If it cannot be
denonstrated that the proposed CLSIC design and technol ogy can
neet all of the radiation requirenents, then alternative designs
or technol ogi es shoul d be used. The results of this feasibility
anal ysis should be presented at the prelimnary design review
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7.8 TECHNI CAL REVIEWS AND SURVEI LLANCE

During the conceptual design phase, cognizant contractor
engi neering personnel should visit or be resident at the
designer’s facility to review the status of the design effort.
Desi gn, analysis, plans, schedules, and test docunentation that
have been generated should be reviewed, and plans for future
effort should be reviewed and approved during these visits.
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SECTI ON 8
FUNCTI ONAL DESI GN PHASE

The functional design phase follows the conceptual phase of
t he technical program It is concerned with the specification
of the register-transfer level and logic |evel designs. The
desi gn depends upon the integrated circuit technology to be
enpl oyed in the physical inplenmentation of the CLSIC, and the
design rules and constraints associated with both the technol ogy
and the specific Iine on which fabrication is planned to take
place. This phase should include a feasibility analysis which
denonstrates the adequacy of the proposed design and technol ogy
to neet the radiation and reliability requirenents.

8.1 DESIGN REQUI REMENTS

During this design phase, the original architectural design
should be nodified to include the details remaining fromthe
conceptual design phase and any nodifications to the prelimnary
architectural design nmade to neet technology conpatibility
requirenents. Three primary criteria should be enployed in the
deFjgg_Pf the CLSIC. They are functionality, testability, and
reliability.

Both the register-transfer and |ogic designs should be
carried out in four well-defined and docunmented stages
representing description, synthesis, evaluation, and
val i dati on. The description of the design should be fornal
preferably by using a hardware descriptive |anguage. The
synthesis of the conceptual design down to the register-transfer
and |l ogic design |evel should be done either manually or by
usi ng synthesis software. Logic and fault simulation should be
perfornmed in accordance with the detailed requirenments of this
docunent. Fail ure nodes and the fault populations to be used as
a basis for testing should be defined. Testability features
shoul d be evaluated to ensure that the design supports the
required |level of testing. The testability evaluation should
give particular attention to circuit partitioning and to the
capability of the CLSIC design to provide test control and test
access. Test vectors for built-in test features or autonatic
test equi prent should be generated and their effectiveness
evaluated in a quantitative manner. Particul ar enphasis shoul d
be given to predicted levels of fault detection. Faul t
isolation within the CLSIC should also be determ ned to assist
process control. The eval uation should also consider timng and
ot her design constraints and performance criteria. Desi gn
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validation at the register-transfer and logic design |evels
shoul d be docunented and presented at the prelimnary design
revi ew.

8.1.1 Design Description. Description of the design
shoul d preferably be through use of a hardware descriptive
| anguage. Regi ster-transfer descriptions contain infornmation
about the novenment of vectors of data through conbinational
logic and into and out of registers. Logi c-1 evel descriptions
contain informati on about the inplenmentation of the Bool ean
functions specified in the register-transfer description. Bot h
| evel s of description should be structured hierarchically, and
| abel s (names) used in the descriptions should be consistent
with all other design docunentation.

8.1.2 Design Synthesis. Synt hesi s of the
register-transfer and |ogic designs should be done by
transform ng the conceptual design formal description to the
register-transfer and logic formal description either manually
or by using synthesis software.

8.1.3 Design Evaluation. Eval uati on shoul d be done to
determ ne that design requirenents have been net. Per f or mance
eval uation should be carried out either by a timng simulation
or by nmeans of a critical Path timng analysis. The timng
simul ati on should be detail ed enough to nodel significant
propagation del ays existing due to characteristics of the
proposed floor plan and |ayout nethodol ogy. The testability of
t he design should ensure that the required |evel of testing is
adequat e. The eval uati on should include an anal ysis of
reliability and fault-tol erance.

8.1.4 Design \Validation. The behavi oral node
(corresponding to the behavioral description) should be used as
a reference for validation and verification of the |ogic
desi gn. Where possible, the nethod for verifying |ogica
correctness of the design should involve formal proof
t echni ques. I f such techni ques cannot be used on sections of
the CLSIC, a detailed simulation and |logic sinulation should be
performed and the results should be correlated with the results
of the simulationin 7.3. At the very least, the input test
data for the simulations should be chosen such that each
condi tional branch in the nodels is sinulated at |east once.
Any part of the design which has been generated automatically
froma higher |evel design need not be validated if the
automati ¢ design system has been val i dated. Desi gn validation
at the register-transfer and |logic design levels should be
docunented and presented at the conponent prelimnary design
revi ew.
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8.2 Hardness Cateqgorization.

8.2.1 Initial Categorization. Based on the specified
radi ation levels, the characterization data for the device, and
the feasibility analysis, the contractor should determ ne the
hardness category for the CLSIC in each radiation environnent.
For each type of radiation environment, there are three
radi ati on hardness categories of interest, i.e., Hardness
Critical Category 1, Hardness Critical Category 2. and a
Har dness Noncritical Category. The radiation hardness
categorization criteria are presented in Appendix A The
categorization criteria are based on the radiation design
margin, sanple size, confidence |level, required surviva
probability, and the standard devi ation.

8.2.1.1 Hardness Critical Category 1. Hardness Criti cal
Category 1 devices have a radiation design margin that is
between a specified mninmm acceptable value (say 1.4) and the
m ni mum radi ati on design margin specified for Hardness Critica
Category 2 devices (typically about 10). Theref ore, devices
that are in Hardness Critical Category 1 for a particular
radi ation environnent have a |lower radiation design margin in
t hat environment than devices that are in Hardness Critica
Category 2. Because of the |ow radiation design margin,
radi ati on hardness | ot conformance testing is required on every
production lot for each environnent where the devices are in
Hardness Critical Category 1.

8.2.1.2 Hardness Critical Category 2. Hardness Criti cal
Category 2 devices have a radiation design margin that equals or
exceeds the upper limt specified for Hardness Critical Category
1 devices (typically about 10), but is less than the m ni num
radi ation design margin specified for Hardness Noncritica
Category devices (typically about 100). To assure that the
devices are in the correct category, radiation hardness | ot
conformance testing is required on the first production lot for
each environment where the devices are in Hardness Critica
Category 2. Because of the higher radiation design margin,
radi ati on hardness | ot conformance testing is not usually
requi red on subsequent production lots of Hardness Critica
Category 2 CLSIGCs.

8.2.1.3 Hardness Noncritical Category. CLSI Cs devi ces
that have an extrenely high radiation design margin, typically
over 100, may be considered to be in a special Hardness
Noncritical Category. This occurs when no radiation environnent
| evel isspecified, or when the specified radiation environnment
level is small conpared to the level that represents the
i nherent device tolerance to that type of radiation. No
radi ation hardness | ot conformance testing is required for those
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environment where the devices are in the Hardness Noncritica
Category, except as mght be required on the first production
lot for device characterization.

8.2.1.4 Category Selection. In each application using
CLSICs, one would like to first select devices in the Hardness
Noncritical Category, and if they are not available, then in the
Hardness Critical Category 2. This is not only because of their
hi gher radiation design margins and therefore lower failure risk
in the operational environnent, but because the radiation
hardness | ot confornmance testing costs are |ess. Radi at i on
hardness | ot conformance testing is only required for the first
ot for Hardness Critical Category 2. Unfortunately, devices
may not be available in either of these categories for the
specified levels of all of the various types of radiation
envi ronnent s. For those radiation environnents where the
Hardness Critical Category 2 criteria cannot be net, devices
woul d be specified in the Hardness Critical Category 1. O
course, Hardness Critical Category 1 devices nay be used
whenever Hardness Noncritical Category devices or Hardness
Critical Category 2 devices would not be practicable or
cost-effective, or would not be avail abl e when needed.

8.2.2 Category Reevaluation. Changes in many factors,
such as the specified radiation levels for a particular device,
may change the radiation hardness category of that device. The
radi ati on hardness categorization is therefore an iterative
process for the CLSIC. Typically, the location and therefore
the transported environnment for the application, my change
during the devel opnent. Also, the characterization for the
CLSIC may vary from prototype results to the results from
initial production units. The standard deviation used in the
categori zation should represent the variation between |ots based
on data or estimation of worst case val ue. The initial
categorization in each radiation environnent should be based on
the radiation design margins for the parts estimated fromthe
characterization data base and feasibility analysis. The
categorization in each radiation environnent should then be
reeval uated based on any additional hardness eval uation
t esting. Also, based on the results of |ot confornmance testing
for the first lot or of any succeeding lot, the CLSICs nmay be
reclassified fromone category to another. Not e that changes in
the radi ati on hardness category of a production device do not
change the inherent radiation hardness of that device.

8.3 TESTABILITY DESI GN REQUI REMENTS

The CLSIC should be designed to naximze its testability
within the constraints inposed by the specified requirenents
(see 3.6 in Appendi x B). The resolution and precision of the
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pl anned tests should be consistent with the performance and
reliability requirenments of the CLSIC In general, each design
step in achieving the required functions should be matched by an
associ ated test step that would allow the certification of the
function. In all cases, the design should include the follow ng
testability features:

a. A nmeans of injecting
requi red (controll abi

test patterns or stimuli, as

lity requirement)

b. Adequat e access for checking purposes to the
internal states or signals of the CLSIC
(observability requirement)

C. Ti mel y and unanbi guous indication of the presence
of errors
d. Conpr ehensi ve checking of the built-in test

circuitry itself

These design goals should be achieved by the inclusion of
one or nore of the design features set forth in the follow ng
par agr aphs.

8.3.1 Sinplicity and Reqgularity. If permtted by design
requi rements, the designer should provide regularly structured
designs using standard cells rather than randonmly structured
circuitry or nonstandard cells (see 3.6.1 in Appendix B).

8.3.2 Circuit Partitioning. The designer should design
the integrated circuit such that relatively small independent
and manageabl e bl ocks of circuitry can be defined as the basis
for test generation, docunentation, and evaluation. The
partitioning of the circuit into subcircuits (groups of cells)
shoul d be acconplished to maxim ze the testability of the CLSIC
(see 3.6.2 in Appendi x B). If fault-tolerant features are
included in the design specifications, the designer should
integrate design for fault tolerance with design for
testability. The design should provide the neans for
i ndependent testing of redundant circuitry.

8.3.3 Built-in and External Testing. The contractor
shoul d incorporate a conbination of built-in testing features
into the CLSIC with provisions to accommodate external testing
to provide fault coverage consistent with the systemreliability

specifications (see 3.6.3 in Appendix B). Alternative designs
shoul d be analyzed to arrive at an optimal testability
configuration. The contractor should include test signals at

subcircuit interfaces that maximze the simlarity of testing by
built-in and external test equipnent.
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8.3.4 Test and Control Point Allocation. Suf ficient input
and out put connections and their associated circuits should be
included in the CLSIC design to neet the controllability and
observability requirenents; but the total connections should be
consistent with the connection constraints inmposed by circuit
t echnol ogy and packagi ng requirenents (see 3.6.4 in Appendix
B). These test and control points may be provided on an ad hoc
basis to inprove controllability and observability at a |oca

level. Alternatively, test and control points may be provided
systematically by the use of structured design techniques |ike
scan-in/ scan-out . Where necessary, test points should be

enpl oyed to permt redundant circuits to be made tenporarily
nonr edundant during testing.

8.3.5 Test Menory Allocation. Test menory shoul d be
assigned to nonalterable nenory resources (e.g., read-only
menories) in a manner that ensures the integrity and reliability
of the built-in test process (see 8.5.2 and Appendix B 3.6.5).

8.3.6. Self-Checking CGircuits. Provi si ons shoul d be nade
for sufficient additional bits (check bits) to be added to data
words to provide for code-based error detection and correction,
as required (see 3.6.6 in Appendix B). The necessary encodi ng
and decodi ng check circuits should be included in the CLSIC
design, and provisions should be made to make the check circuits
sel f—checking, if specified.

8.3.7 Initialization. The contractor should design the
CLSIC such that it is capable of being placed into a well
defined initial state to commence the testing process (see 3.6.7
in Appendi x B).

8.3.8 Interfacing to External Test Equipnent.
Consi deration should be given to the interfacing of the device
under test to the appropriate automatic test equipnent (see

3.6.8 in Appendix B). The packaging and external connections
should be consistent with the interfacing capabilities of the
specified autonmatic test equipnent. The designer should

determ ne the nunber and respective functions of pins on the
CLSIC to be dedicated to test functions, based upon fault
i solation requirenents.

8.3.9 Error Detection. To the extent practicable, all
desi gns should include sufficient interrupt and trap capability
to support the imedi ate processing of critical errors detected
by self-check circuits prior to the loss of information
concerning the nature of the error (see 3.6.9 in Appendix B).
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8.3.10 Design Requirenents for Hardness Assurance
Testability. In the design and |ayout of CLSICs, the designer
is required to nmake the follow ng provisions for hardness
assurance.

8.3.10.1 Testable Networks. The designer may be required
to ensure that certain networks within the large scale
integration array can be tested for radiation response. Speci al
requi rements for network testability should be as specified in
the applicable detailed specification.

8.3.10.2 Special Probe and Bond Pads. The contractor may
require the designer to provide special probe or bonding pads to
be used for special radiation effects testing and anal ysis.
These probe or bonding pads should be included in the |ayout for
the CLSIC as specified in the detail ed specification.

8.4 TEST CHPS AND STRUCTURES

8.4.1 Test Structures. Test structures shall be
i ncorporated at appropriate locations on all wafers and, where
applicable, on each chip to provide data for use in simulation,
eval uation, process control, and verification procedures.

8.4.1.1 Process and Device Characteristics. Test
structures should be provided to evaluate process, material, and
device paraneters such as layer uniformty, interface
properties, crystalline defects in the sem conductor material,
sheet resistance for each nondielectric layer (e.g., diffused or
inplanted region, polysilicon, netal, or other), contact
resistance, dielectric thickness (using capacitor), transistor
paraneters, surface nobility, electrical Iine widths, junction
| eakages, interface state density, surface concentrations or
doping profiles, netal-to-silicon contact resistance, insulator
t hi ckness, interface state density, and |eakage current.

8.4.1.2 Design Layout Rules. Test structures should be
provided to evaluate the geonetrical |ayout features form ng the
geonetrical layout-rule set and to allow electrical or optica
eval uation of layer-to-layer msalignnments which mght occur
during fabrication. These test structures include cross-bridge
sheet resistors, isolation resistors, and bridge alignnment
resistors and structures to evaluate design rules such as the
gate to contact spacing for MOS or the netal and diffusion
overlap on contacts. Also, in order to magnify problens and aid
in the diagnostic capability, structures with design |ayout
rul es beyond worst case should be added, when feasible, and
noni t or ed. These types of structures will help to define
process and device limts and assure reliability.
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8.4.1.3 dobal Random Defects. Test structures should be
provided to evaluate the occurrence of global random defects in
t he sem conductor materials. These structures should eval uate
the integrity of contacts, conductors, and dielectric material.
These structures may include series, parallel, and addressable
arrays of identical elenents. Layers of conductors separated by
deposited dielectrics are useful in finding dielectric defects.

8.4.1.4 Circuit Performance. Test structures shoul d be
used to ensure that the wafer fabrication process is capable of
producing a functioning circuit and to characterize the dynamc
performance of both test and production circuits. Unl ess
ot herwi se specified, a ring oscillator type circuit should be
used to nmeasure gate del ay. Additional circuits such as RAM
MACROs, and inverter chains may be included as suggested by the
devi ce design.

8.4.1.5 Device and Grcuit Reliability (including
radi ati on hardness). Test structures should be provided to
establish circuit reliability assurance by evaluating the
stability of the sem conductor nmaterials when subject to
stresses such as voltage, tenperature, humdity, and radiation.
These structures should include transistors and capacitors for
nmeasur enents such as oxide charge density and threshold voltage
shifts, diodes for the nmeasurenent of changes in junction
| eakage, and resistors for the measurenent of current carrying
capabilities and electrom grations. Provi sions shoul d also be
included for neasuring dielectric breakdown voltage for each
dielectric |ayer. The breakdown test is a destructive test;
therefore, several structures would be required to obtain val ues
over the thermal range. A ring oscillator type structure should
also be included to determine the shift, if any, in gate del ay
as a result of thermal stress or radiation. To eval uate ot her
radi ation effects, test structures provided m ght include:

a. FETS (Field oxide or Gate oxide)

b. P or N well isolation resistance
C. Device isolation (field |eakage)
d. Propagati on del ay chains

e. Lateral NPN, PNP device | eakage

f. Bet a degradati on
g. Base-col | ector | eakage
h. Oxi de isolation
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8.4.1.6 Technol ogy Addi tional special structures for a
particul ar technology shall be used when appropriate (e.qg.
| atch-up structures for CMOS).

8.4.2 Test Chips. Wafers in all devel opnent and
production lots should include chips conposed entirely of test
structures to nonitor the process and to serve as a surrogate
for the CLSIC The test chips that provide radiation hardness
and reliability assessnent data nay be enployed in wafer
acceptance testing or in lot screening or acceptance testing.
The test chips should include test structures to allow
appropriate radiation evaluations of applicable features.

8.5 BULT-IN TEST DESIGN

8.5.1 Functional Design. The functional design should be
reviewed (see 3.7.1 in Appendix B) for the inclusion of suitable

built-in test features, including use of the foll ow ng:
a. Built-in test failure indicators
b. Handbook cells, circuits, or other structures,
to inplement built-in test
C. Modul ar, flexible, built-in test designs
d. Active stimulus injection for built-in test
e. Crcuitry to check built-in test circuitry

8.5.2 Menory Allocation. The inclusion of test
requi rements should be assessed in the sizing of nenory
contained in the CLSIC (see 8.3.5 and Appendix B, 3.7.2).

8.5.2.1 Wrd Allocation. Sufficient words should be
allocated in nenory for the storage of m crodi agnostics,
initialization routines, and error processing routines (see
3.7.3 in Appendix B).

8.5.2.2 Bit Alocation. Suf ficient nunmber of bits should
be assigned to each data word to provide for error detection and
error correction technique, as required (see 3.7.4 in Appendi x
B) .

8.5.2.3 Protection Allocation. A sufficient nunber of
menory words should be assigned to nonalterable nenory resources
(e.g., ROM to ensure the integrity of critical test routines
and data (see 3.7.5 in Appendix B).
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8.6 TESTABILITY ANALYSIS

An anal ysis should be conducted of the potentia
(intrinsic) testability of the logic-level design (see 3.8 in
Appendi x B). The analysis should address the functional design
of test methods, the ability of the automatic test equipnment to
support the test methods, the presence or absence of circuit
features which support testing, and any general problem areas.
The fault coverage provided by each testing resource (built-in
test structure, automatic test equipnment, or other) should be
analyzed in a quantitative manner. The analysis should be
docunented in the prelimnary testability analysis report, and
deficiencies should be corrected before proceeding.

Once the functional design process has been conpleted. a
formal analysis of the CLSIC S testability should be carried
out. This analysis should include quantitative neasurenents
appropriate to the functional |evel of the various testability
figures of nerit approved for the design. The ability of the
proposed testing strategies and test equipnment to achieve the
required levels of testability should be determ ned. Any
necessary design changes to neet the testability requirenents
shoul d be identified. The results of this analysis should al so
be docunented in the prelimnary testability analysis report.

The testability analysis should be summarized in a final
testability analysis report that would serve as a single source
of information on all aspects of the testability of the CLSIC
design, and should include the foll ow ng:

a. A description of the overal
design-for-testability features and testing
strategi es used

b. A description of the partitioning nmethods used to
enhance testability and a functional description
of each circuit partition

C. An analysis of the fault types considered and
their effects on circuit operation

d. A detailed description of the testing strategies
used for each circuit partition

e. A functional description of the built-in test
features of the design

f. A listing and analysis of the neasures or figures
of merit used to evaluate the testability of the
desi gn
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A functional description of the testability
nmeasur enent techniques (e.g., conputer-aided
anal ysis tools) used in the testability analysis

8.7 DESI GN _ASSURANCE

The detailed behavioral description or sinulation
(corresponding to the lowest |evel architectural description)
shoul d be used as a reference for validation or verification of
all subsequent design simulations or inplenentations. Duri ng
the functional design phase, an acceptable |ogical sinulation
should be perforned to relate the | ogical design to this
behavi oral reference.

8.8 EUNCTI ONAL DESI GN DATA BASE

The data base should contain the descriptions of the
regi ster-transfer and the |ogic designs, docunentation of the
| ogi ¢ design phase, and the set of design rules to be foll owed.
The docunentation of the |ogic design process should contain the
rationale for the design decisions and the tradeoff analyses
between potentially conpeting factors in the design. The use of
handbook cells and regular circuit structures in the design
shoul d be docunent ed. The initial state of the CLSIC should be
indicated, and fault-tolerant features of the design should be
descri bed. The data base should also contain a specification of
t he sem conductor technology to be used and the design rules and
constraints associated with both the technol ogy and the specific
fabrication I|ine. Any changes of chip architecture to nake the
design conpatible with respect to the sem conductor technol ogy
to be used should be docunented. | nformati on used for
eval uation and validation should be included. This shoul d
consist of logic and fault sinmulation inputs and results,
failure nodes and fault populations to be used as a basis for
testing, testability analysis, test vectors for built-in test
structures or automatic test equi pnent, and the eval uation of
their effectiveness (if fault sinmulation is appropriate at this
tinme). A description of the test points and internal or
external test circuitry to provide observability and
controllability should be prepared.

8.9 TECHNI CAL REVI EW5 AND SURVEI LLANCE

During the functional design phase, cognizant contractor
engi neering and CLSI C manufacturing personnel should visit or be
resident at the designer’s facility to review the status of the
design effort and to review future plans.
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SECTI ON 9
PHYSI CAL DESI GN PHASE

The physical design phase follows the functional phase of
the technical program It is concerned with the translation of
the logic design into the actual circuit and mask designs that
are to be inplenented in hardware. This is usually acconplished
in four well-defined and docunented devel opnental stages
representing description, synthesis, evaluation, and
val i dati on. Crcuit simulation should be carried out in
accordance with the requirenments of this docunent. The accuracy
of device nodels and circuit descriptions should be denonstrated
and docunent ed. The use of breadboarding and hardware fault
simul ation is encouraged, and both may be required. A plan for
a conprehensive test program should be prepared for eval uation

and approval . An integral part of this plan should describe the
use of test structures or test circuits included with the
physical inplenentation of the integrated circuit. Test vector

generation, evaluation, and validation should be perforned.

Mask design also should go through the process of synthesis,
description, evaluation, and validation. Fi nal design
val i dation and anal yses of design testability and reliability of
the circuit design should be prepared and submtted for review
at the critical design review

9.1 DESIGN _REQUI REMENTS

9.1.1 Testability. During the physical design phase (see
3.9 in Appendix B), the following testability considerations
shoul d be included in the design:

a. The circuit is physically partitioned to support
the test process.

b. Conservative timng tolerances and conservative
signal tolerances are used in the design whenever
possi bl e.

C. Regul ar, structured, or hierarchical designs are

used whenever possible.

d. Sufficient hardware, or firmvare, is included to
confidently drive the CLSIC to a known state or
condition prior to running diagnostic tests.

0 9.1.2 Testability Analysis. On conpletion of the physica
or circuit design phase, the contractor should conduct a final
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analysis of the CLSIC s testability (see 3.10 in Appendi x B).
This analysis should include quantitative neasurenent.
appropriate to the circuit level, of the various testability
figures of nerit approved for the design. Particular attention
should be paid to circuit partitioning, signal timng.
controllability, and observability.

9.1.3 Test Vector Validation. The contractor should
validate the test stimuli and response data used in the design,
as well as all associated testing software or firmvare (see 3.11

i n Appendi x B). This validation would normally be acconplished
by sinulation of the design under faulty and fault-free
condi tion. Hardware or software fault simulation nmay be used;

the choice of nethod depends on the fault types under
consideration, the fault coverage required, the availability of
suitable fault sinulation tools to the contractor, the cost of
constructing the necessary sinulation nodels, and the cost of
conducting the sinulation experinents. Sets of test vectors
whose validity is known a priori need not be sinulated.
Exanmpl es of such tests include exhaustive test vector sets for
conbinational circuitry and proven test generation algorithns
for specific circuit structures, such as the Galloping Pattern
(GALPAT) algorithm for certain types of random access nenory

t esting.

9.1.4 drcuit Mdels and Electrical Simulation.
Descriptions of the circuit nodels enployed and el ectri cal
circuit analyses of the CLSIC should be provided. These i ncl ude:

a. Description of the nodels used to devel op the
analysis, along with a justification of the
assunptions or an explanation of the perceived
i npact of these assunptions. Al |l nodel
paraneters should be nunerically defined, and all
cal cul ati on and neasurenent techni ques should be
sti pul at ed. I ncluded in the phrase. “nobde
paraneters,” are the paraneters enbedded in the
subcircuit nodels which account for static and
dynam c parasitic induced either by |ayout or
[imtations inherent in the fabrication process.

b. Range of nodel validity, e.g., voltage and
current levels, dynam c signal anplitudes, slew
rates and frequency, device geonetry factors,
doping levels, tenperature, and frequency

C. Denonstration that the nodels are within their
range of validity in the circuit sinulations
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d. Inclusion, for active integrated circuit
elements, of the processing information after
processing is conmpleted (all vertical doping
profiles, cross-section geonetries, and surface
geonetries). Profiles can either be neasured or
can be the sinulation results of a process
si mul at or . Design fabrication paraneters such as

diffusion times, tenperature, and ionization
energies need not be supplied in order to avoid

divulging proprietary information.

e. Conputer simulations of the electrical
characteristics for all active and passive
circuit elenments representative of those enbedded
in the actual design. Sinulation results are to

be conpared with neasured electrical properties
of available test devices, and the test
procedures for such neasurenents are to be
clearly defined.

f. Typical critical path <circuit sinulations
incorporating all exploited nodeling routines.
These simulations should include a sensitivity
analysis to denonstrate fulfillnment of al
circuit specifications despite nmathematical or
engi neering wuncertainties in critical nodel
par aneters.

g. Simulation of circuit elements representative of
those to be used in the actual design, along wth
a conparison of simulation results to measured
test device performance

h. Experinental neasurenent of representative
devices showing the effects of process variation
on device performance

9.1.5 Evaluation of layout at the Cell and Transistor
Level . The various sections of the layout which inplenent the
logic to be nechanized should be analyzed. This analysis should
i ncl ude:
a. Logic correctness
b. El ectrical (transient and dc) characteristics
C. Drive capability (capacitive |[|oading) conputation
d. Rise and fall tinme conputation
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e. Propagati on del ays conputation
f. Power requirenent and heat dissipation

9.1.6 Grcuit Simulation. The contractor shoul d descri be
the extent to which circuit simulation is used in the design of
the CLSIC, e.g., how critical paths are selected and anal yzed.
Anal yses of worst case critical paths should be presented.
Techni ques for verifying the circuit |evel performance of the
entire CLSIC (e.g., Speed, voltage, current, and power |evels)
shoul d be di scussed.

9.1.7 Layout Rules. A conplete description of the design
rul es used shoul d be provided. Those particularly critical for
achieving maximum circuit performance and reliability should be
i ndi cat ed. The layout rules should include:

a. Device sizing and |layout definitions

b. Al mni mum and maxi nrum al | owabl e di nensi ons

C. Definitions of each mask |ayer and specific rules
d. Al shrink or expansion (correction factors)

nunbers for mask manufacturing

9.1.8 Radiation-Critical lLayout Rules. The desi gner
should identify the layout rules which are critical for each

radi ati on environment. Exanmpl es of radiation-critical |ayout
rules are:

a. The maxi mum current density for survival

b. The placenent of guardbands in MOS devices for

the total dose environnent

C. The m nimum al |l owed spaci ng between i sol ated
conmponents in bipolar circuits for the dose rate
(1 atch=up) environnent

d. The location of netallization runs in linear
bi polar circuits for the total dose environnent

These radiation-critical layout rules once established and
identified should not be changed w thout contracting officer
approval .

9.1.9 CAD Tools for Layout. The techni ques used for
| ayout of the CLSIC should be described. These may include, but
are not limted to, full custom synbolic, gate arrays,
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sem custom and macrocell. If digitizing is enployed, the
met hod used to check results should be descri bed.

9.1.10 Circuit Parasitic. Crcuit and device parasitic
shoul d be calculated for various tolerances in the |ayout design
rul es and paraneters. These parasitic calculations should be
included in the design data base.

9.1.11 Design Verification. The conpl eted topol ogi cal
| ayout should be verified correct through the use of design rule
checks and circuit sinulation. These verifications should be
performed on all areas of the circuit, either in part or as a

whol e circuit. Were the circuit is evaluated in sections, a
verification should be perforned to verify that the
i nterconnections of the parts are correct. Al design assurance

checks shoul d be docunent ed.

9.1.12 Design Validation. The design should be validated
to ensure equivalence of the final layout with the origina
design intent and that circuit layout is conpatible wth the
system requirenents.

9.1.13 Radiation Hardness G rcuit Design Considerations.
The designer should identify for each radiation environnent the
circuit design rules critical to the radiati on response.
Exampl es of such circuit design considerations are:

a. The forced beta and operating current of
switching transistors in bipolar circuits for the
neutron environnent

b. I nput protection networks for an electrica
overstress environnent

C. Phot ocurrent conpensation diodes for a dose rate
envi r onment

These radiation-critical circuit design considerations,
once established and identified, should not be changed unl ess
approved by the contracting officer.

9.1.14 QG her Requirenents. Addi tional design information
shoul d be provided regarding:

a. A description of the package to be used,
including a pin-out diagram a bonding diagram
which is sufficiently detailed to show bond
angles, and a thermal analysis

b. A detailed test plan to be enpl oyed during
characterization of the CLSIC
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C. I nput protection used on the CLSIC

d. An estimate of the total power consunmed by the
CLSIC, including wrst case voltage drops and
current densities in on-chip power and ground
distribution lines

e. A description of the data base used in the design
of the CLSIC and its contents, e.g., design file,
geonetry file, sinmulation file, cell paraneters,
cell libraries, and others

9.2 TECHNI CAL REVI EW5 AND SURVEI LLANCE

During the physical design phase, cognizant contractor
engi neering and CLSI C manufacturing personnel should visit or be
resident at the facility to review the status of the effort and
to approve future effort.
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SECTI ON 10
DETAI LED SPECI FI CATI ONS

This section contains the requirenents for the detail ed
speci fication needed to define an individual CLSIC for
procurenent. The prelimnary devel opnment specification for the
CLSI C should be prepared and submtted so that it can be
reviewed and approved by the contracting officer no later than
the Prelimnary Design Review. The final specification should
be prepared and submitted so that it can be reviewed and
approved by the contracting officer no later than the Citica
Desi gn Revi ew.

10. 1 SUBCONTRACT OR PURCHASE ORDER

Procurenent of a specific CLSIC for space vehicle
application from another supplier is based upon the contractor
preparing a subcontract or a purchase order that would reference
the detailed specification for the specific CLSIC In addition
to referencing the applicable detailed specification, the
subcontract or purchase order should also state:

a. Quantity of CLSICs being ordered

b. Del i very schedul e

C. Delivery of data requiring contracting officer
approval prior to proceeding, such as plans and
audits

d. Delivery of data, such as test results and x-ray
negatives with each device

e. Criteria for acceptance or for disapproval of
each | ot

f. Provisions for independent nonitoring and the
authority of the nonitors to grant deviations or
wai vers

10.2 DETAILED SPECIFICATION FOR A CSIC

Dependi ng upon the contractor practices, or the specific
contract, the detailed specification may be called a
speci fication control drawing, a source control draw ng, or sone
ot her nane. In any case, it should address all of the technica
requi renents needed to procure the CLSIC Regardl ess of the
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actual docunent nane, it should be prepared in a book form

speci fication fornat. The requirenent section (Section 3)
should first incorporate the Specinen general requirenents for
CLSI Cs by referencing Appendi x C of the handbook, or an
equi val ent general specification for LSIC, and then using a
format simlar to Appendix C, the needed new requirenents and
deviations required for the procurenent of the specific CLSZC
shoul d be stated in each paragraph as appropri ate. By arranging
the detailed specification in the sanme format as the general
specification. the manufacturers and others using the detailed
specification can easily determne the total set of requirenents
for the specific CLSIC

Note that many of the detailed requirenents needed are not

i ncluded in the specinen general specification, Appendix C The
additional itens that should be included, or considered for
inclusion, in the detailed specification of a specific CLSIC are:

a. Contractor part nunber (in Section 1, Scope)

b. Ref erence to the general specification (in
Section 3, Requirenents)

C. Any specific manufacturing requirenents that my
be applicable to ensure radiation hardness or
ot her characteristics of the CLSIC These coul d
i nclude specific process controls, test
equi prent, quality constraints, assenbly
requi rements, or other specific manufacturing
requi renents (3.3 and subpar agraphs).

d. Approved manufacturer and specific manufacturing
processes and controls (3.3.1)

e. Wafer and production lot limtations, if any
(3.3.2)

f. El ectrostatic discharge sensitivity and handling

requi renents (3.3.3)

g. I ndependent surveillance and nonitoring
requi renents (3.3.5)

h. Any specific design requirenents that nmay be
applicable to ensure radi ati on hardness or other
characteristics of the CLSIC. These could
i ncl ude handbook cell constraints, test
structures, test chips, probe pads, internal test
failures, layout rules, |evels of input
protection required, or other specific design
requirements (3.4, 3.5.1.3, and subparagraphs).
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Approved designer and specific design rules and
conputer prograns (3.4).

De size (3.5.1).

Package material or specify whether the case is
conductive or nonconducti ve. For netal cases,
speci fy whether the case is connected to the
ground lead or to any other part of the device
(3.5.4).

Package configuration including |ead designations
and internal connections (3.5.4)

Functional requirenments for the device including:
CLSIC input signals, logic or schematic diagrans,
operating conditions, limts, and outputs (3.6)

%%S%f:supply power (voltages) and ground points

Environnental conditions including therna
stress, nmechani cal shock, and radiation (3.7)

Speci al marking provisions (3.8)

Any specific quality assurance requirenent that
may be applicable to ensure radiation hardness or
ot her characteristics of the CLSIC These coul d
include test nethods, test facilities, test

equi pnent, dosinetry neasurenents, and other
specific quality assurance requirenents (4 and
subpar agr aphs) .

Details of in-process inspections and tests
including the use of test structures and test
chips (4.3)

Wafer | ot acceptance criteria including indicator
paraneters (4.3.3.1)

Details of preseal visual inspection criteria
(4.3.3.6)

Speci al product evaluation or reliability
assessnents, tests, and characterization
requi rements (4.4)

Details of the post-assenbly screening tests
including: test nethods, test circuitry, test
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conditions, and the accept or reject values for
the test paraneters and for the delta Iimts.
Any requirenents for the reverse bias burn-in
shoul d be stated. The percent defective

al l onabl e (PDAs) for each test should be
specified (4.5)

W. Del etion or nodification of partial noise inpact
detection test based upon added design or added
i n-process test or inspection requirenents to
avoid particle problens (4.5.2)

X. Details of the |ot conformance tests including:
sanpl e sizes, accept or reject quantities, test
nmet hods, test circuitry, test conditions, and the
?chft or reject values for the test paraneters

4,

y. Specific requirenents for radiation hardness | ot
conformance tests including: sanple size, accept
or reject quantities, test nethods, test
circuitry, test conditions, and the accept or
reject values for the test paraneters (4.6.4)

Z. Packagi ng and package marking requirenents (5)
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SECTI ON 11
FABRI CATI ON PHASE

The fabrication phase follows the physical design phase of
the CLSIC devel opnment program It enconpasses mask and chip
fabrication, assenbly, in-process testing, validation, and the
rel ated issues of manufacturer capability and product
assurance. During this phase, the design is transferred to the
sem conductor material. The sem conductor technol ogy and
associ ated design rules and constraints enployed in the physica
i npl ementati on should be consistent with those enployed in the
earlier design phases and the capability audit. After the
initial masking and fabrication of the CLSIC, the first task
should be to test and validate the physical enbodi nent of the
design to ensure correct inplenentation. The chip validation
should be referenced to the sane behavioral sinulation utilized
in the design and test generation stages. Al'l fabrication
shoul d be carried out in accordance with the product assurance
provi sions of this docunment and the program plan.

11.1 PRODUCTI ON PHASE SURVEI LLANCE

During the production phase, the contractor should have
technical or inspection personnel perform independent
surveillance and nonitoring functions related to the
fabrication, assenbly, inspection, testing, and shipnment of each
lot of CLSICs. As a mninmum the contractor surveillance
personnel should perform the foll ow ng tasks:

a. Verify that devices are fabricated and assenbl ed
in accordance with an approved manufacturing
basel i ne which conforns to applicable
manufacturing flow charts, process
specifications, tests and inspection procedure,
and procurenent docunentati on.

b. Conduct nandatory inspections at designated
fabrication, assenbly, and test steps as defined
in custoner approved manufacturing flow charts.

C. Wtness wafer |ot acceptance and SEM testing, and
participate in review and analysis of test
results and phot ographs.

d. Wtness tests and inspection relative to
software to be used for functional testing.

e. Perform preseal inspection of devices at
designated points in the approved flow charts.
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f. Provi de surveillance of in-process die shear and
bond strength tests.

qg. Provi de surveillance of functional test equipnent
and burn-in test equipnent checkout.

h. Provide surveillance of tests required by the
procurement documnent ati on.

Provide surveillance of failure analysis
act|V|t|es_and corrective actions resulting from
t he anal ysis.

j. Wtness functional tests perfornmed to ascertain
use of proper procedures and to verify adequacy
of results obtained

k. W tness screening tests.

. Audit data and docunentation applicable to each
| ot of devices, and nmaintain information sumrary
files.

m Interpret or solicit contractor interpretation of
appl i cabl e procurenent requirenents as required
by the designer or manufacturer, and reconmend
specification changes if applicable.

n. Provide final |ot inspection and authority for
shi pnent of devices.

0. Provide witten notification to the manufacturer
PMPCB, and contracting officer of any observed
di screpanci es.

11. 2 RADI ATI ON HARDNESS NMANUFACTURI NG REQUI RENVENTS

11.2.1 Critical Procedures and Processes During Wfer
Fabrication. The manufacturer should identify and docunent, for
each radi ation environment, all fabrication, materials, and
processes critical to the radiation response. Once these
radi ation-critical processes have been established and
identified. they should not be changed during the course of a
speci fic program unl ess approved by the contracting officer.
Exanpl es of radiation-critical processes are: the nethod,
tenperature, and pressure of oxide growh, and thickness of the
gate oxide in MOS circuits for the total dose environnent;
post-gate oxide processing tenperature profiles, process
(epitaxial, gold doping, or neutron irradiation) used for
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| atch-up control in MOS devices; netallization process; and the
base width and doping profile in bipolar transistors for the
neutron environmnent.

11.2.2 COitical Procedures and Processes During Assenbly.
The manufacturer should identify and docunent all materials,
procedures, and processes, critical to hardness, which are used
during assenbly, packaging, and handling of CLSICs (see
Appendi x A). Once these materials, procedures, and processes
have been established and identified, they should not be changed
during the course of a specific program unless approved by the
contracting officer. The device response to total dose
environnment, for exanple, may be affected by such factors as the
type and pressure of gas present inside the hernetically sealed
package and the type and thickness of the packaging materia
(dose enhancenent effects). For the X-ray environnment, the die
bond material. fly wire material, and bonding procedure are al
critical for high-level pulsed ionizing radiation survivability.

11.2.3 Hardness Verification Analysis. The designer and
manuf act urer should perform and docunent a hardness verification
analysis to ensure that the circuit design and processing
technol ogy being used to develop and produce the CLSICs is
capabl e of neeting the hardness assurance requirenents. Thi s
hardness verification analysis can be perforned using radiation
effects data on test devices, subcircuits, or library design
cells (built with the proposed process) along with circuit
anal ysis prograns and basic radiation effects prediction

techniques . The hardness verification analysis should be
performed prior to commtting a design or process to
producti on. The anal ysis should denonstrate that the proposed

design and process can achieve the required radiation design
margin for each radiation environnent (see Appendix A).

11.2.4 Radiation Test Procedure. Prior to the initiation
of any radiation test, the supplier should generate a radiation
test plan and detailed test procedures. The test procedures
shoul d state the details of the testing to be perfornmed for each
radi ation environnment including:

a. Met hod of test sanple selection

b. Radi ation test facility to be used

C. Dosi netry procedure

d. Equi pnent required and calibration procedures
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e. Step by step test procedures including circuit
di agrans, pre- and post-electrical tests,
exposure |l evels, bias, and test conditions during

exposure
f. Docunentation of results
g. Dat a processing and anal ysis

11.2.5 Hardness Verification Testing. Bef ore proceedi ng
with the final design of devices that have a radiation
envi ronment specified, a hardness verification test using the
variable sanpling test nethod should be perforned on test chips
or subcircuits of the CLSIC device. A mninmm of five devices
should be tested in each radiation environment. These test
devi ces should be tested to failure or 10 tines the
speci fication |evel, whichever is less, and the radiation
failure levels of all tested devices should exceed the
specification level for the CLSICs to be fabricated with the
process. The supplier should use these data to determ ne when a
redesi gn or change in construction or processing is necessary to
neet the radiation requirenents on the final product. The
results of these tests should be recorded and be made avail abl e
to the contracting office. Based on the hardness verification
testing, the contractor nay recategorize the part for the
speci fic environnents.

11.2.5.1 Radiation Facilities. The radiation test
facilities should be approved by the contracting officer. A
list of approved test facilities should be provided in the
det ai | ed specification.

11.2.5.2 Dosinetry. The dosinetry nethods and procedures
used by the supplier should be those published in the ASTM
docunent s. If the appropriate dosinetry docunentation is not
available for a particular radiation test, then the dosinetry
t echni que and procedures to be used should be included in the
detai |l ed specification.

11. 3 PRODUCT EVALUATI ON

11.3.1 Characterization. Each CLSI C device type and
applicable test chip should be characterized over the specified
operating conditions including: tenperature range, voltage
range, Speed, and radiation environment. The resulting data
shoul d be used in developing the electrical, nechanical, and
radiation test requirenent for use in the detail ed
speci fication.
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11.3.2 Reliability Assessnent. Prelimnary burn-in
prelimnary life test data, and other stress test data such as
electrical, thermal, and nechanical test data for each CLSIC
devi ce type shoul d be obtained.

11.3.3 Test Coverage. Built-in and external testing
should be used to ensure detection of errors at internal nodes.
Functional tests should cover the full range of instruction
data ranges, speeds, voltages, and tenperatures plus sufficient
margi ns. as needed by system requirenents. These tests should
be included in the screening test requirenents in the detailed
speci fication.

11. 4 RADI ATI ON HARDNESS SCREENI NG TESTS

The manufacturer may be required to perform 100 percent
radiation tests on the CLSICs for certain radiation environnents
either when the devices cannot pass a lot sanple test but are
still needed for the system or when there is a concern about
maveri cks. Exanpl es where such a test mght be required are:
dose rate induced |atch-up screening, dose rate upset screening,
and total dose 100 percent irradiate and anneal screening on MOS

devi ces. Radi ation screening tests can only be used for those
cases where nondamagi ng effects have been denonstrated and the
screening tests are approved by the PMPCB. In those cases where

a radiation screen is required, the test nethod and procedures
shoul d be provided in the detailed specification.

11.5 RADI ATI ON HARDNESS FAILURE ANALYSI S

A radiation failure analysis is required on devices that
fail the formal radiation product evaluation tests or the |ot
conformance tests. This failure analysis should be used to
identify layout errors, processing problenms, packaging problens,
or other problem areas that contributed to the failure. Once
the problem area is identified. the manufacturer should review
the controls and procedures for that particular part of the
design and processing and recommend solutions for assuring that
the problemis elimnated. Details of the failure analysis
requi rements and procedures should be included in the detailed
speci fication.

11. 6 PRODUCT ACCEPTANCE CRITERIA

The acceptance of a production |lot of CLSIC should be based
on the product evaluation tests, the post-assenbly screening
tests, the life tests on the test chip evaluation sanples, and
the lot conformance (sanple) testing. The tests used should be
consistent with system requiremnents. The final acceptance
criteria for CLSICs should be as stated in the detail ed
speci fication.
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11.7 EILNAL NMANUFACTURI NG BASELI NE

The final manufacturing baseline should reflect the
manuf act uri ng processes and designs used by the manufacturer to
build the CLSIC Subsequent changes in process or design
require reapproval and updating of the manufacturing baseline.
The manufacturer should submt changes proposed in the
manuf acturing baseline to the Parts, Materials, and Processes
Control Board or contracting officer for approval prior to
i mpl enent ati on.
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SECTI ON 12
CONTRACTOR QUALI TY ASSURANCE

12.1 1 NCOM NG | NSPECTI ON

Upon receipt of each lot of CLSICs, the contractor should
perform applicable tests and inspections. As a mninmum the
tests and inspections should include the foll ow ng:

a. Performance of all tests and inspections included
in the detailed specification as required to
verify the acceptance test results

b. External inspection of all devices and device
packaging to ascertain conformance to
wor kmanshi p, marking, finish, packaging, and
el ectrostatic protection requirenents and to
confirm absence of defects due to shipping and
handl i ng

C. A destructive physical analysis on a sanple basis
to be performed on each ot of CLSICs received.
The m ni num sanpl e size should be 2.

12.2 FAILURE ANALYSI S

Failure analysis should be performed on catastrophic or
other major failures experienced Subsequent to burn-in. Devi ces
failing to survive a postburn-in electrical test or a subsequent
test because of opens, shorts, inoperability, or logic error
shoul d be anal yzed at the manufacturer’s or contractor’s
facility to the extent necessary to ensure understandi ng of
failure node and cause. Fai lure analysis should also be
perfornmed on devices that fail the formal radiation product
eval uation tests or the lot conformance tests. The failure
anal ysis should be used to identify |ayout errors, processing
probl ens, packaging problens, or other areas that contributed to
the failure. The failure analysis reports should be provided to
the contractor. A sufficient quantity of failed CLSICs
occurring in any lot that fails any specified | ot acceptance
criterion (e.g., percent defective allowable, |ot tolerance
percent defective, or any acceptance nunber) should be anal yzed
to establish cause(s) of failure(s) and necessary corrective
action to detect and correct out-of-control processes and to
determne |ot disposition. Appropriate corrective action should
be inplenented by the manufacturer. Fail ure anal ysis and
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failure reporting requirenents should be included in the
procurenent of the CLSIC device. Al failures should be
reported to the PMPCB and the contracting officer.

12.3 PROCEDURE FOR LOTS HELD MORE THAN 24 MONTHS

Each CLSIC held for a period exceeding 24 nonths follow ng
the date of the inspection ot identification code, and that is
not installed in equi prent, should be retested by the
manuf acturer or contractor for all specified functional and
parametric test requirenments prior to installation. CLSI Cs
which fail any of these tests should be renoved fromthe |ot(s)
and rejected. The devices should retain the original inspection
ot identification code. Records of retesting should be

mai nt ai ned.

Cust odi an: Preparing Activity:
Air Force - 19 Ar Force - 19
Project # 1820-F010
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APPENDI X A
RADI ATI ON HARDNESS REQUI REMENTS

10.  SCOPE

This appendix identifies requirement that should be
incorporated into the detailed specification to specify

radi ati on hardness for specific LSICs. It identifies types of
environments and requirements for |ot conformance testing for
t he acceptance of radiation hard LSICs. It provides

nmet hodol ogy for establishing the | ot acceptance criteria to
neet specific hardness assurance requirenents based on the
system application and environments.

20. REFERENCED DOCUMENTS

DEFENSE NUCLEAR AGENCY

DNA 5910F Pi ece Part Neutron Hardness Assurance
Qui del i nes for Sem conductor Devices

DNA 5909F Total Dose Hardness Assurance
Qui del i nes for Sem conductor Devices

30. SYMBOLS
Rgpec IS the specified radiation environment |eve

Rpp is the environment failure level of a test
devi ce.

In(Rpp1L) is the nmean of the logarithnms of the
sanple failure |evels.

K is the one-sided tolerance limt for a norna
di stribution. It is a function of the confidence
| evel, sanple size, and survival probability (see
Table A-1 and Table A-11).

Sgp is the standard deviation of the |ogarithns

of the sanple failure |evels: S, =S
R 1n(RFAIL)

PARpa1r, IS the paraneter or functional failure
val ue for the device.
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PARRap IS the radiation-induced paraneter val ue
for a given devi ce.

ln(PARgpp) is the nmean of the logarithms of the
val ues PARgpap for the tested devices.

sp is the standard deviation in the sanple
val ues of 1n(PAR_, ): S, =S
RAD P ln(PARp, )

n is the sanple size.

C is the confidence |evel.

P is the survival probability.

RDM is the radiation design nmargin

RMp IS the geonetric nmean radiation failure val ue.
PDM is the paraneter design margin.

Pyqp IS the paraneter nean val ue degradation.

40.  ENVI RONVENTS AND PART CATEGORI ES

40.1 Radiation Environnents. The various types of
radi ation environments and the design levels are specified in
the detailed specification. These radiation environnents are
derived fromthe free field environnents as transported
through the materials surrounding the LSIC for the worst case
| ocati on and application. The types of radiation environments
may i ncl ude:

a. Neutron fluence (1 Mev equivalent) specified in
neutrons per square centineter, and the nunber
of bursts

b. Total radiation dose specified in Gay(Si) and
the dose rate specified in Gay(Si) per second

C. Transi ent ionization that nmay cause upset.
| at ch-up, or burnout. State the peak dose rate
in Gay(Si) per second and the transient pul se
duration in seconds.

d. Particles that could cause a single event upset
or |atch-up. State the particle type, energy
per square centineter, and the angle of
I nci dence. (State the acceptabl e nunber of
upsets per gate, or device, per day.)

A-6
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e. Current and voltage transient wavefornms at each
external pin during exposure to EMP and system
generated EWMP ( SGEWVP). Each transient waveform
can be specified by an equivalent open circuit
vol tage pul se of specified nmagnitude, w dth,
rise and fall time, and source inpedance.

40.2 Radiation Hardness Categorization. For each type
of radiation environnment, there are three radiation hardness
categories of interest, i.e., Hardness Critical Category 1,
Hardness Critical Category 2, and a Hardness Noncritica
Cat egory. Devices that are in Hardness Critical Category 1
for a particular radiation environnent have a |ower radiation
design margin in that environment than devices that are in
Hardness Critical Category 2. Devices that are in the
Hardness Noncritical Category for a particular radiation
envi ronment have the highest radiation design margin in that
envi ronnent . Because of the |ow radiation design nargin.
radi ati on hardness | ot conformance testing is required on
every production lot for each environment where the devices
are in Hardness Critical Category 1. To assure that the
Hardness Critical Category 2 devices are in the correct
category. radiation hardness |ot conformance testing is
required on the first production Iot for each applicable
envi ronment . Because of the even higher radiation design
margins for the Hardness Noncritical Category, typically 100
or higher, no radiation hardness |ot conformance testing is
required for those environnents, except as mght be required
on the first production |ot for device characterization.

In each application using CLSICs, one would like to
sel ect devices in the Hardness Noncritical Category and, if
they are not available, then in the Hardness Critical Category
2. This is not only because of their higher radiation design
margins and therefore lower failure risk in the operationa
environnment, but because the radiation hardness | ot
conformance testing costs are usually less than for Hardness
Critical Category 1 devices. Unfortunately, devices may not
be available in either of these categories for the specified
| evels of all of the various types of radiation environments.
For those radiation environments where the Hardness Critica
Category 2 criteria cannot be met, devices would be Specified
in the Hardness Oritical Category 1. O course, Hardness
Critical Category 1 devices may be used whenever Hardness
Noncritical Category devices or Hardness COritical Category 2
devices would not be practicable or cost-effective or would
not be avail abl e when needed.

The radiation hardness categorization criteria are based
on the radiation design margin, sanple size, confidence |evel,
required survival probability, and the standard deviation

A-7
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The radiation design margi n depends upon the specified

radi ation environnents as well as the radiation hardness
characterization results for the LSIC The categori zation
criteria in this docunent are based on a log norrmal failure
di stribution. In general, the categorization criteria should
be based on a failure distribution that best fits the

radi ati on test data. The standard deviation used in the
categorization, Sg, nust represent the variation between

| ots based on data or estimation of worst case val ue.

The radiation hardness categorization is therefore
typically an integrative process for the LSIC because the
| ocation, and therefore the transported environment for the
application, may change during the devel opnent, and the
characterization for the LSIC nay vary from prototype results
to the results frominitial production units.

40.2.1 Radiation Design Maragin (RDWM. The radi ation
design margin RDM is defined as

RDM = ——— (1)

= ex

~
N
~

R n
““““ “MF ’l "FAIL J
n
Y YT Y 1 (3)
and In(Repay) = 1 E ln(RFAILi)
i=1
where RFAIL is the radiation failure level
1 for the ith device.
40.2.2 standard Deviation. The standard deviation, Sg,
is defined for n greater than 1 as:

l/72

n
2
1 Y
Sp ={a-1 Z :[hl(RFAILi) - In(Rppqp) (4)

i=1

- = a

40.2.3 Hardness Critical Category 1 Criterion. The
criterion for Hardness Critical Category 1 for a particular
type of radiation is that the radiation design margin (RDV of
the device in that radiation environnment nust be greater than
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t he m ni mum acceptabl e value specified (MN), but not nore
than exp(KpSg). i.e., the mninmum radiation design margin
for Hardness Critical Category 2.

MIN £ RDM < eXPpP (K, Sr) (S)

Unl ess ot herwi se specified, the value of Kegppr would be
based upon a survival probability P equal to 0.339 and a
confidence level C equal to 0.95 (see Table A-I1). However ,
the m ni mum acceptable value, MN, for the radiation design
margin (RDM) for Hardness Critical Category 1 devices, if not
specified, should be based upon a survival probability P equal
to 0.999, a confidence level C equal to 0.95 (see Table A-I1),
and Sg which is equal to the mninmm estinmted Sg(MIN).

In that case, the value for MN would be

MIN - exp[KTL(n. P - 0.999, C = 0.95) SR(MIN)}

40.2.4 Hardness Critical Category 2 Criterion. Har dness
Critical Category 2 devices have a radiation design nmargin
(RDM) that equals or exceeds the upper limt specified for
Hardness Critical Category 1 devices, but is less than the
m ni mum radi ati on design margin specified for Hardness
Noncritical Category devices (typically about 100).

Therefore, the criterion for Hardness Critical Category 2 for
a particular type of radiation is that the radiation design
0

mar gi n ( RDM the device in a radiation environnent nust be
reater than exp (Kp but less than 100 (or the value
or Hardness Noncritical Category devices), i.e.
100 > RDM > exp(KprSR) (6)

To assure that the devices are in the correct category,
radi ati on hardness | ot conformance testing is required on
every itemin the first production lot for each environnent
where the devices are in Hardness Critical Category 2.
Because of the higher radiation design margin, radiation
hardness | ot conformance testing is not usually required on
subsequent production lots of Hardness Critical Category 2
CLSI GCs.

40.2.5 Hardness Noncritical Category Citerion. Devices
that have an extrenely high radiation design margin, typically
over 100, may be considered to be in a special Hardness
Noncritical Category. This occurs when no radiation
environment |evel is specified, or when the specified
radi ation environnent level is small conpared to the |eve
that represents the inherent device tolerance to that type of
radi ati on.




Downloaded from http://www.everyspec.com

M L- HDBK- 339 ( USAF)
APPENDI X A
31 JULY 1984

50. LOT CONFORMANCE TESTS

50.1 Test Requirenents. Radi ati on | ot conformance tests
are specified in the detailed specification based upon the
radi ati on hardness category classification of the LSIC for
each type of radiation environnent.

a. No radi ation hardness | ot conformance testing
is required for LSICs that do not have a
radi ati on environment specified.

b. LSICs in Hardness Critical Category 1 for a
particular type of radiation environnent
require radiation hardness |ot conformance
testing of every production lot for that
radi ati on type. In LSI Cs where the radiation
response to the specified radiation environnment
is largely variable fromone wafer to the next
within a diffusion lot, the radiation hardness
| ot conformance testing is required for the
devi ces fabricated from each wafer

C. LSICs in Hardness Critical Category 2 for a
particul ar type of radiation environment
require radiation hardness | ot conformance
testing for that radiation type on the first
production |ot only. However, radiation
hardness | ot conformance testing may be
required periodically thereafter if so
specified in the detailed specification.

d. LSICs that are in a Hardness Noncritica
Category for particular types of radiation
environments do not require radiation hardness
| ot conformance testing for those radiation
types.

Note that the LSIC may have different radiation hardness
category classifications for each type of radiation. For
exanple, it could be in Hardness Critical Category 1 for one
type of radiation, in Hardness Critical Category 2 for another
type of radiation, in a Hardness Noncritical Category for
anot her type of radiation, and for another type of radiation
no category can be identified because the actual radiation
design margin mght be |less than the m ni num specified for
Hardness Critical Category 1.

50.2 Lot Conformance Testing Methods. For each
radi ati on environnent where radiati on hardness | ot confornmance

testing is required, a sanple of the LSICs is tested as a
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basis for acceptance of the production lot or as a basis for
acceptance of devices from a single wafer. The radiation
hardness of the sanple is determ ned by testing paraneter
degradation to failure (the radiation to failure test of

50.3), or by testing at a single radiation |evel (50.4).

Prior to testing at a single radiation level, it should be
denmonstrated that the specified paranmeter(s) degradation is a
wel | - behaved function (nmonotonic) of the radiation environment
over the specified range.

The | ot acceptance criterion assunes a log normal failure
di stribution. In those cases where the distribution is shown
to be other than log normal, the ot acceptance criterion
shoul d be determ ned by the appropriate type of distribution.

50.3 Radiation to Failure Test. This | ot conformance
test consists of exposing the sanple of LSIC parts to
increasing radiation levels until the radiation-induced

paraneter value, PARgap for each part exceeds the specified
end point electrical Tailure limt, PARpprr. Follow ng each
radi ation test level, the data are recorded (see Figure A-1).

_Fromthe data, the values of Rppajr at PARpp1r are
obt ai ned. (The annealing effect should be considered when
appl i cabl e.)

The lot is accepted when
RDM(Lot) 2 exp(KprSR) (7)

The values for RDM and sg are obtained from Equations
(1), (2), (3), and (4).

Note that Equation (7) is simlar in formto Equation (6)
with the exception that in Equation (7) RDM and SR are the
val ues obtained for the lot.

If, in the course of categorization, the critica
paraneter does not reach the failure criterion at 10 tinmes the
specified radiation level, the categorization should be based
on the paraneter design margin at the specified radiation
| evel (see Section 50.4).

50.4 Single Radiation Level Testing. When previous data
have shown that radiation degradation of the electrica
paraneters over the specified range of radiation levels is
wel | behaved (nonotonic), then the |lot conformance test can be
conducted at a single radiation level, the specified |eve

RgpEC-
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The | ot acceptance is based on the parameter design
margin, PDM which is the ratio of the end point electrica
paraneter failure limt PARppyr, and the paranetric nean
val ue degradation Pyp followng the radiati on exposure (see
Figure A-1).

The paraneter nean val ue degradation Pyp is cal cul ated
from the radi ation-i nduced paraneter value PARgap as foll ows:

n
T o v 1
1ln(PAR ) == E 1n(PAR, .~ ) (8)
RAD n RADi

i=1

wher e PAR is the radiation-induced paraneter val ue
for the ith device

Pyp = ©XP | LnPAR., ] (9)

The lot is acceptable if the design margin, DM is greater than
t he exponential of the product Keqr and Sp for the |ots.

(a) For paranmeter value increasing with radiation

PAREAIL
Pmp

PDM = exp (K S.) (10)

TL P

(b) For paraneter value decreasing with radiation
P

MD
PDM = ——— 2 exp(K S.) (11)
PARFAIL TL P
where
1/72
n 2
-

Sp = { o1 E {1n(PARRADi) - 1n(PARp, ) (12)

i=1
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50.5 Exanple 1. Lot acceptance, using the radiation
to failure test for the radiation-induced change in input
bias current, AI, for an LSIC. Rgppc is 1.25 KGay(Si).

APARpp1L IS taken to be 90 nanoanperes, n=6, C=95
percent, and P=99.9 percent.

Step 1: Irradiate the six test sanples at increasing
dose levels until all six devices have
reached the APARppay Vvalue of 90
nanoanper es. Plot I versus total dose as
shown in Figure A-2 for each device.

Step 2: Determ ne the total dose Rpparp for each
device at 90 nA from Figure A-2.
DEVICE RpaiL in KGray(Si)
1 15
2 13
3 19
4 11
S 17
6 10
Step 3: Determ ne from Equations (2) and (3)
6
TolR Y . 1+ E ;
In(Rppp) = g In(Rppy,) = 2-624
1
Ryp = € °2% = 13.80 Keray(si)
B 13.80 KGray(si)
RDM = Roppe | 1.25 KGray(si) - 11

Determ ne the value Sg using Equation (4)

Sy = % [(1n15-2.624)2 + (1013-2.624)% + (1n19-2.624)% + ]
l 2 2 2] l

a (In11_92 £228) a (IMn17_2 &£24A) a (ININ_2 £24)
b \NAdMddTEG Ve h \ &304/ - o Vim J - NS IV T e VT ) J ]
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This gives Sgp = 0. 25

For n-6, c¢=95 percent, and P=99.9 percent;
Kp, from Table A1 is 6.612.

Using Equation (7) the lot is accepted when
RDM 2 exp(Kpp SR)
11 2 exp(6.612X0.25) = 5.22

Since RDOM of 11 is larger than 5.22, this lot is acceptable.

50. 6 Exanple 2. Lot acceptance for LSIC using a single
dose level. The following information is given: Rgpgc = 1.50
KGay(Si), n=5, C=95 percent, P=99 percent, and PARpparr, = 15
m | |1 anperes.

Step 1: Irradi ate and neasure PARg for the sanple of
five parts at Rgpgc = 1.5 ﬁ%&ay(8| . The
foll owi ng data are obtai ned.
Test Part PARRAP in microsmperes
1 190
2 200
3 170
4 160
5 130

Step 2: Determ ne exp [ ln(PARRAD)] and Sp using
Equations (8) and (12), respectively.

1n(PAR

1
gap) = & [(1n 190 + 1n 200 + 1n 170 + ln 160 + ln 130]
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ln(PARRAD) = % [ln(190)(200)(170)(160)(130)]= 25.615 = 5.123
5

r b
PHD = exp [ln PARRADJ = 167.8 microamperes

SP = 0.169
Step 3: Determ ne design margin for the lot which for
increasing parameter value with radiation is
equal to:
PAR
PDM = FAIL 15mA

a —=—"—— = 89.3
PHD 0.167 mA

From Table A-11 for n=5, C=95 percent, and P=99 percent,
Kp, is equal to 5.7, thus, exp(Kpp Sp 3.6. The
6

) =
paraneter design margin is greater than 3.6 therefore this
| ot is acceptable.
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LEAKAGE CURRENT (amperes)

A/
( METHOD\ | _—Rmr
50.3 -
0=2 — MULTIPLE |
| RADIATION ,-‘r\ ‘
‘ LEVELS / \ /
' ~ /é
S . =7 _L ol
B 1~ T PAREAl /,’ /V ,
o-4 : DEVICE |
NUMBER |
10-5 | / 4 / I
’ // - : I
I | I
2
‘0_6 - 4*(//, /455; l |
Cd
| | I
| I
F% — — =;___ —_— e _Pnan | 1
w7, _ mb \ |
A7 METHOD : :
_s | I ( 50.4 ) , I
10 I SINGLE ; ;
I RADIATION | :
} LEVEL I ,
w-9 ! :
RspEC ReaiLs RrAIL,
10 1 1 L
10 -2 -3 -4
10 10 10
TOTAL DOSE GRAY(Si)
Notes: A/ Method 50.3; Multiple radiation levels
B/ Method 50.4; Single radiation level

FI GURE A-1. Lot
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FI GURE A-2. Change in Leakage Current with Total Dose
for Six Devices
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TABLE A-1. Keqp, Factors for One-Sided Tolerance Limts
for Normal Distributions
i C = 0.75% :: C = 0.90
44
P P p P P P P P P P
n| 0.75| 0.90] 0.95} 0.99/0.999}|]0.75]|] 0.90| 0.95| 0.99] 0.999
1 | | J J 1l | | ] |
0 } ] B T 1 J B
3/1.464|2.501}3. 152|4 396|5 805|12.602|4.258]5.310(7.340]9.651
411.25612.134(2.680]3.726/4.910}1.972|3.187|3.957|5.437|7.128
511.152|1.961]12.463|3.421(4.507}/1.698(2.742|3.400]4.666]6.112
I | I | | I | | | I
611.087|1.86012.336(3.243|4.273]]11.540/2.494(3.091}4.242]5.556
711.04311.791(2.25013.126]4.118}}1.43512.333(2.894{3.972|5.201
8/1.010|1.740]2.190|3.042)|4.008|]1.360|2.2192.755(3.783]4.955
9/0.984|1.702}2.141|2.977}3.924}]1.302|2.133|2.649(3.641]4.772
10}0. 964|1.671|2.103I2.927|3.858|I1.257|2.065|2.568|3.532=4.629
{ I | | | I | | l
11/0.947|1.64612.073|2.885|3.804|]1.219|2.012]2.503]3.444[4.515
12/0.933|1.62412.048(2.851|3.760|]1.188]1.966|2.448|3.371|4.420
13]0.919{1.606]2.026}2.822]3.722}11.162(1.928]2.403[3.310/4.341
14]0.909]1.59112.007]2.796!3.690|/1.139{1.895]{2.363|3.25714.274
15]0.899]1.577|1.991]2.77613.661}]1.119{/1.866|2.329|3.212}4.215
| I I I ! I | | | |
16]0.891|1.566|1.977|2.756|3.637|/1.101]1.842]|2.299]3.172}4.164
17]0.883|1.554[1.96412.739|3.615|/1.085|1.820|2.27213.136/4.118
18/0.876|1.544]1.95112.723[3.595|]1.07111.800{2.249}3.106/4.078
19/0.870}1.536(1.94212.710|3.577|]1.058]1.781}2.228}3.078|4.041
20]0.865[1.528|l.933|2.697|3.561||1.046]1.765}2.208}3.052{4.009
! | I | I I |
21]0.85911.520)1.923|2.686]3.545]|/1.035|1.750(2.190]3.028(3.979
22|10.85411.514|1.91612.675|3.532}1.025]1.736|2.174]3.007]3.952
23]0.849]1.508]1.907|2.665|3.520}|1.016}1.724]2.159(2.987]3.927
24|0.845]1.502/1.901]2.656]3.509][1.007{1.712]2.145/2.969]3.904
25|O.842]1.496|l.895|2.647|3.497||0.999|1.702}2.132:2.952:3.882
| | I I I I |
30/0.825]1.475|1.869}2.613]3.454||0.966]1.657(2.080(2.884|3.794
35/0.81211.458]1.849|2.58813.421|]0.942(1.623|2.041|2.833|3.730
40/0.803]1.445/1.834}2.568[3.395]/]0.923]|1.598(2.010/2.793}3.679
45/0.795]1.435}1.821]2.552]3.375|]0.908|1.577|1.986{2.762]3.638
50]0.788]1.426}1.811|2.538|3.358|/0.894|1.560|1.965|2.735{3.604
I 1 I | 1 11 1 | | |
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TABLE A-11. Kqp Factors for One-Sided Tolerance Linmts
for Normal Distributions
| C = 0.95 H C = 0.99
P P P P P P P P P P
n] 0.75} 0.0} 0.95] ©0.9%| 0.99%{}| ©.75}1 0.90} 0.95]| 0.55{0.99%
| 1 | | | 1 | | | i
T T T ] 1 L L] T 1 1
3/3.804/6.158|7.655]/10.552]13.857]| -~ | - | == | == | --
412.61914.163}5.145| 7.042| 9.21%|| -- | -- { -= | -- I --
5i2.149(3.407i4.202f 5.741f 7.501fjj -~ j == | -= | == | --
| ! ] | | ) ] | | |
) ) i I ] V1 ] 1 I [}
6/1.895|3.006|3.707}| 5.062| 6.612|]2.849|4.408}5.409}7.334{9.550
7{1.732]12.75513.399| 4.641] 6.061]]2.490{3.856!4.730]6.411{8.348
8{1.617|2.582}3.188| 4.353| 5.686}]2.252]3.49614.287]5.811]/7.566
9{1.532|12.45413.031| 4.143] 5.414112.085{3|1242|3.971|5.389|7.014
}0]1.465]2 35512.911| 3.981] 5.203111.954)3.048(3.739|5.075]/6.603
11{1%41132327552 515; 3_352; sieaeg!1i55412.897=3.557=4532335.234
1211.36612.210]2.736| 3.747| 4.900||1.77112.77313.410/4.633[6.032
1311.32912.155]2.670] 3.659| 4.787]]|1.702}12.677]|3.290]4.472}5.826
1411.29612.108}2.614) 3.585) 4.690{11.645}2.5%213.18914.336(5.651
1511.26812.068]2.566| 3.520| 4.607]11.596]2.521/3.102]4.224|5.507
| | | | | I I | | |
16{1.242)2.032(2.523] 3.463] 4.534{(1.553{2.458]3.028{4.124(5.374
1711.220]2.001)2.486) 3.415| 4.471}11.51412.405/2.96214.038|5.268
18/1.200]1.974)2.453] 3.370| 4.415]|11.48112.357]2.906[3.961|5.167
19]1.183]1.949)2.423| 3.331| 4.364]11.45012.315/2.855|3.893]5.078
20|1.16711.926|2.396] 3.295] 4.319]]1.42412.275|2.807|3.832]5.003
| | | | | I | | | |
21)1.152(1.90512.371| 3.262| 4.276111.39712.241]2.768|3.776[4.932
22]1.138}1.887(12.350] 3.233] 4.238]11.37612.208|2.729(3.72714.866
2311.126|1.869]2.329| 3.206| 4.204]1.355]2.179]2.693|3.680/4.806
24|1.114]1. 853]2 309[ 3.181} 4.1711)1.336]2.15412.663]3.638}{4.755
25j1.103j1. 838|2 292| 3.158] 4.143j]1. 319]2 129)2.632[3.601/4.706
| i 1 11 i | 1

0887b/ 0185b
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SECTION 1
SCOPE

Thi s appendi x summarizes the main concepts in the design
for testability of custom large scale integrated circuits
(CLSICs) and concepts evolved in testing for physical faults in
actual hardware. Section 2 of this appendi x points out the
i nportant problens and issues which should be considered in
designing a testable CLSIC, including test structures and
design style, test strategies, test strategy neasures, and
testabl e design nethodol ogi es.

Section 3 of this Appendi x el aborates on various sections in
t he handbook to provide additional guidance and clarification.
The correspondi ng paragraph nunbers for the handbook are shown

in parentheses for the convenience of the reader. Although
this information may be helpful, it is not intended to be an
i n-depth analysis of each subject. More extensive information

is available in the literature.
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SECTI ON 2
DESI GN OF TESTABLE CUSTOM LARCGE SCALE | NTEGRATED ClI RCUI TS

This section reviews sone of the major concepts related to
the design of a testable CLSIC.  The partitioning of a CLSIC into
testable circuit structures, the basic criteria and techniques
used in testing. and the addition of built-in test features to
facilitate testing are discussed. Built-in test features for
CLSICs include the built-in test circuitry, other special
built-in test structures, and the enbedded firmware and software
used to inplement built-in testing. For exanple, built-in test
features may include on-chip functional circuit structures such
as signature generators, conparators. parity trees, counters,
encoders, and decoders or they may be nonfunctional such as
structures used for process nonitoring or to enable externa
testing. Nonfunctional built-in test structures are usually
process peculiar and will not be discussed in any detail

A testable circuit structure refers to a |ogica
organi zation or architecture of a CLSIC subcircuit which consists
of the functional circuitry to be tested, called the kernel, and
associated built-in test circuitry. Built-in test circuitry
consists of additional circuitry, peripheral to the functiona
nature of the CLSIC, which is added to the chip specifically to
aid in testing the functional circuitry. The built-in test
circuitry may itself be functional in nature. Exanpl es of
testable circuit structures are level sensitive scan designs
(LSSD), built-in logic block observation designs (BILBO, and
syndrone testabl e designs.

2.1 STRUCTURES AND DESIGN STYLES

There are four fundamental units of logic circuitry that are
used to inplenent digital systens, nanely busses, random access
menories, registers, and conbinational logic. These fundanental
logic units are referred to as basic circuit structures. The
sinplest case of a bus is a wire, of a random access nenory is a
one-bit storage element, of a register is a latch or flip-flop,
and of a conbinational logic circuit is a gate. More conplicated
circuitry. such as decoders and multiplexer, are also often
i mpl enented as basic structures. The interconnection of two or
nore of these basic structures (either different or identica
units) results in a circuit structure. The difference between a
basic circuit structure and a circuit structure is rather
subtle. Arithnetic logic units, counters, and shift registers
are exanples of sinple circuit structures. Crcuit structures
often have design styles associated with them such as pipeline,
bus-oriented, or bit-sliced.

B-9
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There are nunerous ways of inplenenting a basic structure in
a single silicon chip. They differ in circuit design
consi derations such as: (a) how transistors are constructed, (b)
how transistors are interconnected to formlogic functions, (c)
how | ogic functions are interconnected, and (d) what technol ogy
is used. Variations in circuit design and logic function lead to
different design styles. such as read only nenories (ROV),
programmabl e | ogic arrays (PLA), and gate conbi nati onal networKks,
e.g., a NAND gate networKk. Hence, the use of a basic structure
often defines a circuit’s design style. For exanple, a
conbi national |ogic basic structure inplenmenting sonme Bool ean
function, such as an arithnetic logic unit, nmay have as a design
style read only nenory, programmable |logic array, or gate
conbi nati onal networKk.

The inportance of identifying design styles is that
different design styles can lead to unique failure nechani sms;
hence, the corresponding basic structures are often tested
differently. This is often not true when exhaustive testing is
enpl oyed, in which case the design style is usually ignored.

As an exanple, consider the programmable |ogic array design
style. Because of the high fan-in often found in the AND array,
programmabl e logic arrays are usually not tested very conpletely
by random test vectors. Al so, programmable logic arrays are
susceptible to unique failure nechani snms, such as extra or
m ssing crosspoint connecti ons. Hence, a test nethodol ogy for a
programmabl e logic array may be quite different fromthat for a
read only nenory or gate conbi national network.

Oten circuit structures are specially designed to enhance
testability, such as in the level sensitive scan design
met hodol ogy. In this case, a conbinational |ogic basic structure
C and a shift register structure S are interconnected to enhance
the testing of C, which nornmally has the design style of a gate
conbi nati onal networKk. The architecture consisting of the
conbi nation of the level sensitive scan register connected to C
is said to constitute the |level sensitive scan design testable
structural style; the conbinational |logic network C which is to
be tested is the kernel of the style.

In general, a CLSIC can be partitioned into functional
blocks , such as control, input/output, arithnmetic logic unit, and
menmory.  For testing purposes, a CLSIC can also be partitioned
into “testable” subcircuits. each subcircuit being tested in its
own uni que ways. These subcircuits may, but not necessarily.
correspond to functional bl ocks. By definition, they are circuit
structures. Oten, one of the first steps to be taken in the
design of a testable CLSICis to partition it into subcircuits.
The subcircuits in turn define circuit structures whose fault
characteristics are well defined and for which one or nore

B- 10
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testing strategies are known. Each such structure may be

nodi fied by the inclusion of specified built-in test circuitry in
order to enhance its testability. The subcircuits so defined by
the partition process need not be disjoint; in fact, they often
have built-in test circuits in conmon.

A maximal basic circuit structure is a basic structure not
contained within a larger basic structure. Oten a chipis
tested by identifying maximal basic circuit structures and
testing them individually. If a circuit structure is not too
conpl ex, such as a counter, it can be tested as an entity. For
conplex circuit structures, such as a mcroprocessor, testing it
as one entity becones extrenely conplex.

2.2 TESTI NG TAXONOMY

The design of a reliable CLSIC includes two maj or concepts;
nanely. fault tolerance and testing

2.2.1 Fault Tol erance. Three major topics fall under this

headi ng: software techni ques, hardware techniques, and analysis
t ool s. Sone specific techniques in each of these areas are
l'i sted.

a. Sof tware techni ques

0 Rol | back

0 Error recovery

0 Excepti on handling
0 Fail Safe design

b. Har dware Techni ques
0 Codi ng
0 Duplication and conparison (duplex design)
0 Triple nodular redundancy
0 static
0 dynami c
0 Hybrid redundance
C. Anal ysis tools
0 Reliability neasures
0 Reliability nodels
0 Yield
0 Chip area estimation
0 Avai l ability
0 Per f or mance
2.2.2 Testing. The process of testing a circuit structure

in order to detect or |ocate hardware faults can be carried out
in one of two nodes, known as external testing and self testing.
The forner deals with the use of automatic test equipnent to test
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the circuit structure; the latter relies on the chip itself to
carry out the testing process. A circuit structure is often
tested using preconputed test prograns which are created via the
process of test program generation. Two mmj or aspects of
testing, therefore, are test program generation and design for
testability.

2.2.2.1 Test Program Generation. The mmjor concepts
related to test program generation are: fault nodeling, test
generation, response evaluation, fault simulation, and fault
| ocat i on.

2.2.2.1.1 Fault Mbdeling. Fault nodeling deals with the
process of representing the actual physical faults in the circuit
(structure) under test by sone type of abstract nodel. It is
t hese nodel ed faults which are actually processed by nost test

synthesis and anal ysis tools. Exanpl es of comonly used fault
nodel s are |isted bel ow

Single stuck-at faults

Mul tiple stuck-at faults

Shorts and bridging faults

Functional faults

Coupling faults

Pattern sensitive faults

Delay faults

Paranetric faults

Noncl assi cal MOS faults. such as opens

TFe oo o

2.2.2.1.2 Test GCeneration. Tests for a circuit can be
determ ned in several ways. The npbst common are |isted bel ow

a. Manual

b. Al gorithmc

c. Pseudor andom

d. Exhausti ve

e. Standard test patterns

The nethod used to generate the test nust be conpatible
with the level of description available for the circuit structure
under consi derati on. For exanple, enploying a path sensitization
algorithmmay require a gate |level description of a circuit
structure;, enploying a test generation algorithm for programable
logic arrays may require only the truth table of the functions
being inplenmented; enploying a functional/behavioral approach may
require a high level |anguage description of the circuit
structure, such as the Instruction Set Processor (ISP) notation.
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2.2.2.1.3 Response Evaluation. Once tests are generated
they can be translated into a test program which can then be
applied either by the automatic test equipnment or by built-in

test features to the circuit under test. Based upon the response
nmeasured, the circuit under test can be characterized as being
faulty or not. If it is faulty, diagnosis or fault |ocation can
be carried out. Methods for processing the response are |isted
bel ow
a. Direct conparison
0 Stored response
0 Gold unit (standard hardware)
b. Conparison with data conpression (compact testing)
0 Transition counting
0 One’s counting or syndrone testing
0 Signature analysis

2.2.2.1.4 Fault Sinmulation. Normally, the fault coverage
of a test can be determned by using a fault sinulator. Faul t
simulation can be carried out either in software or in hardware.

2.2.2.1.5 Fault location. Fault location can be carried
out by using either fault dictionaries, diagnostic routines, or
ef fect - cause anal ysi s.

2.2.2.2 Design for Testability. Design for testability is
carried out for several reasons, such as to reduce the conplexity
of test generation and to nake the chip partially or fully self
testabl e. The conplexity of test generation may be reduced by
enhancing controllability and observability. The chip may be
made partially or fully self testable by enploying built—in test
structures or other built-in test features. The maj or concepts
in this field fall into ad hoc design nethods, structural
built-in test nethods, designing with easily testable conponents.
and anal ysis tools.

2.2.2.2.1 Ad Hoc Design Mthods

Degati ng

Addi ng test points
. Bus architecture
Partitioning

Sel f - conpari son

. Self-oscillation

MmoQO oD
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2.2.2.2.2 Structured Built-in Test Methods

a. Sem built-in
0 Level sensitive scan design
0 Scan path
0 Random access scan
0 Scan/set logic
0 Partitioning

b. Fully built-in
0

On-1line
0 Error detection and correction codes
0 Totally self-checking circuits
0 Sel f-verification
0 Of-line
0 Bl LBO
0 Store and generate
0 Verifying Wal sh coefficients
0 Aut ononous testing
0 Syndrome testing

2.2.2.2.3. Disigning with Fasily Testabl e Conponents

EOR trees

Canonic Reed-Muller circuits

Easily testable progranmable |ogic arrays
Easily testable iterative logic arrays
Bit-slice systens

Too oo

2.2.2.2.4 Analysis Tools

a. Measur enent s

0 COVET
0 SCOAP
0 TMVEAS
0 CAMELOT
b. Design: Automatic design for testability

Nurmer ous ad hoc designs for testability techni ques have
evol ved over the years. Most have dealt with small scale or
medi um scale integrated circuits on printed circuit boards.
Included in these techniques are concepts such as resetable
flip-flops, test points to increase observability, |ogica
cutting of feedback lines, and inhibiting internal clocks.
Extensions to these early techniques have led to many of the
built-in test methods currently used extensively in VLSl circuits.
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Sem built-in test nethods enploy hardware structures, such
as set/scan registers, to increase controllability and
observability. Of-line test generation is usually still
required.

The on-line fully built-in test nmethods are exanples of
concurrent testing. The off-line testing nethods, such as
built-in logic block observation, are gaining in popularity.
These nethods elimnate the need for off-line test generation and
mnimze the need for automatic test equi pnent. These techni ques
often require mnor or no changes to the kernel structure being
t est ed.

Designing with easily testable conponents is a nethodol ogy
which deals primarily with the design of the kernel itself, and
where the main objective is to nmake the kernel easy to test. A
sinpl e exanple would be those techniques which rely heavily on
the use of exclusive-or gates. For such gates, a single error on
an input always produces an output error, naking the concept of
path sensitization particularly easy to achieve.

Finally, several analysis tools have been proposed for
aiding design for testability. These analysis tools usually
estimate the degree of controllability and observability of the
various signal lines in a circuit. Based on these results, the
circuit design should be nodified, if necessary, in order to
enhance testability.

2.2.3 Structure and Testing. Four inportant factors to be
considered in testing a kernel are:

a. Faul t nodes

b. Whet her or not a single vector or a sequence of
vectors are required to detect a fault

C. Conplexity of test generation
d. Ti m ng
The structure of a kernel and its design style are the

primary factors which influence these factors.

Fault nodes are often a function of design style. Random
access nenories exhibit the phenonenon of adjacent pattern
interference: programmabl e |ogic arrays are susceptible to
crosspoint failures (extra or mssing connections); gate
conbi nati onal networks are often tested for stuck-at faults,
shorts, and sonetinmes nmenory retention.
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For a conbinational circuit, only one vector is usually
required to detect a fault, while for sequential circuits a
sequence of test vectors is often necessary. Faults in
conbi national circuits which induce nmenory retention may require
a sequence of two vectors to detect.

The conplexity of test generation is strongly related to
design style as well as circuit structure. For random access
menories, standard test sequences usually exist. Automatic test
generation is usually a difficult if not inpossible task for
conpl ex random sequential circuits. For programabl e | ogic
arrays, special algorithns exist which make test generation a
fairly effective and efficient process.

Finally, timng issues related to factors such as races,
hazards, and static and dynamc logic are a function of both
design style and circuit structure. For exanple, asynchronous
circuits are circuit structures and are susceptible to races. A
random access nenory design style may be susceptible to pattern
interference faults which are both timng and data sensitive.

In sunmary, different design styles and circuit structures
have unique testing characteristics and are thus anenable to
uni que testing approaches and built-in test strategies. As an
exanple. a programmable logic array can be built such that the
signal values on the row (product) and columm (word) |ines have
odd parity; this concept 1s not directly applicable to a gate
conbi nati onal network inplenentation of the same functions. A
unique logic structure for the testing of internal arrays, and
the testing for pattern sensitive faults in read only nenories
are discussed in the literature.

2.3 TEST STRATEQ ES

A test strategy for a kernel structure is the conplete
process involved in testing the structure. This includes the
following three main attributes:

a. Of-line test generation

b. Run-tinme test hardware
Aut omatic test equi pnent (external)
Built-in test (internal)

C. Test accessibility
Controllability
oservability

2.3.1 Of-lLine Test Ceneration. Of-line test generation
is the nethod used to derive test vectors and sequences. This
process is necessary for sone types of test strategies, e.g., in
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the level sensitive scan design (LSSD) nethodol ogy, but not for
others, e.g., when a circuit is tested using the built-in logic

bl ock observation (BILBO nethodol ogy. There are several ways to
carry out off-line test generation. sone of which are sunmarized
bel ow

a Manua

Grcuit-oriented, e.g.
pat hs

, process sensitized
Functional, e.g., execute every instruction
b. Al gorithm c/heuristic
PCDEM
D-al gorithm
Programmabl e logic array test generation

Del ay test generation

LASAR (D LASAR, LASAR 5. 6)

Functi onal
C. Pseudo- random
d. Exhaustive (not normally done off-1line)
e. Standard test sets

GALPAT for random access nenories

Uni versal test sets for programmable |ogic
arrays

Except for exhaustive and standard test sets, tests once
generated are usually processed through a fault simulator to
determ ne fault coverage.

It is seen that the process of off-line test generation can
i nvol ve the overhead of a conplex and sophisticated suite of
sof tware nodul es, including design capture. testability analysis,
test generation. and fault sinulation routines. The resulting
tests are often processed via additional software to create a
fault dictionary, if required, and via a translator in order to
obtain a test program that runs on a specified piece of automatic
test equi prent.
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2.3.2 Run-Tine Test Hardware. Run-time test hardware is
that hardware used during the actual testing process of the
structure. This hardware is used to produce the test vectors
required to test the circuit structure as well as process the
responses obtained. Table B-1 sumuarizes sone of the hardware
used in this process. There are two nain categories of hardware
used; nanely, external automatic test equi pnent and internal
built-in test circuitry.

TABLE B-1I. Run-Ti re Test Hardware
o) Off-chip automatic test equipment
) On-chip built-in test circuitry

DUl it Fevesa VeoeSaVlvavei 4Ty

L1near feedback shift register
Counter (exhaustive testing)
Read only memory (stored test
General sequential circuit
Gray code generator

Processing of test responses
Signature generator
Built-in logic block observation register
Syndrome generator/one‘'s counter
Transition counter

OCamnaratanr
~vmpaLacL

Random access memory (store responses)

Parity detector

Single error correction-double error
detection

General sequential circuit

2.3.3 Test Accessibility. During the testing process, one
needs a hardware nmechanismin order to actually apply the test
vectors to the inputs of the kernel structure under test, as well
as observe the response data produced at the outputs of this
structure. Since this structure is often deeply buried within a
chip, built-in test features are often added to the circuit to
i mpl ement these controllability and observability functions.
Table B-11 indicates sone exanples of how that accessibility is
achi eved.
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TABLE B-11. Test Accessibility

o Input
Primary inputs
Scan-in registers
Level sensitive scan design registers
Built-in logic block observation register
Multiplexers

o output
Primary outputs/test points
Scan-out registers
Level sensitive scan design registers
Built-in logic block observation registers
Multiplexers

In sone cases, such as with a built-in logic block
observation register, the run-tine test hardware and the test
accessibility registers are one and the sane. For the |eve
sensitive scan design nethodol ogy, this is not the case. Test s
are first generated off-line, wusually using sone type of test
algorithm external hardware (automatic test equipnment) is then
used at test run tine to generate and process the tests; | evel
sensitive scan design registers are then used only to achieve
i nput and output access to the structure under test.

In summary, a test strategy involves three key concepts;
nanely, a nmeans for generating input test data. the hardware
required to produce the test vectors and process responses during
the testing cycle, and finally a neans for applying the input
test data to the input |ines and observing the response data at
the output lines of the circuit structure under test.

2.4 TEST STRATEGY MEASURES

Nunerous test strategies exist. Wth each test strategy,
one can associate several neasures dealing with performance
criteria, constraint, and goals. An exanpl e of a performance
criterion is the length of tinme it takes to test a circuit
structure; an exanple of a constraint is that the input and
output pin requirenents for the built-in test circuitry be |ess
than some given quantity; an exanple of a goal is that the test
strategy achieve at |east 98 percent fault coverage of the single
detectabl e stuck-at faults.
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The three concepts of performance, constraints, and goals
have been |unped together because they are usually highly
interrelated, and often tradeoffs are nade between them For
exanpl e, achieved fault coverage is often a function of the
expense one is willing to incur in test generation. The
incremental increase in fault coverage as a function of cost may
be extrenely high as one approaches 100 percent coverage. Al so,
for sequential circuits, the incremental increase in test length
for each 1 percent additional fault coverage may becone extrenely
| ar ge. Hence, all goals may not be feasible. Unfortunately, the
guantitative prediction of performance neasures is a difficult
t ask. Hence, one cannot, for exanple, predict a priori the cost
of test generation versus fault coverage for a given circuit.

Because of these dichotomes, the concepts of Performance
constraints, and goals have been lunped into the general category
of measures. In Table B-111, a few inportant neasures are |isted
which may need to be considered in selecting a test strategy for
acircuit structure.

The tradeoff between nore area for built-in test circuitry
and decreased chip functionality leads to a classic battle
bet ween chi p designers and users. Hence, the driving force for
using built-in test circuitry cones from design specifications
where the testability and functionality of the chip are nade
equal ly inportant design criteria. One ot her concept not
addressed in this report but which nust also be given great
consideration is design correctness; hence, design verification
and validation are key issues.

Test application tine is usually critical when expensive
automatic test equipnent is enployed. Wien a chip is part of a
| arge system such as a space satellite which enploys off-Iline
self test procedures, testing tine may be inportant because it
may significantly affect the time the systemis not available for
nor mal use.

Per f ormance degradation deals with the effect on a circuit’s
operating characteristics during its functional operation due to
built-in test hardware. For exanple, using a pair of |evel
sensitive latches in a feedback path, as found in level sensitive
scan designs. instead of sone other formof flip-flop, may reduce
the systemclock rate by a small anount.

Preprocessing cost deals with the process of off-line test
generation and the associated costs of acquiring and executing
the required software.

Finally, the cost of processing engineering changes varies
widely for different test strategies. Wien off-line test
generation is enployed, processing an engineering change can be
quite costly. 8. 20
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TABLE B-111. Measures Associated with a Test Strategy

M1

M2

M3

M4

M5

M6

M7

¢ 4
-

Yield and area effect due to built-in test circuitry

Example: o Level sensitive scan designs often
requires a 5 to 20 percent area overhead

Test Application Time

Example: o 1In level sensitive scan designs,
each test vector is shifted sequentially
hence slowing down the test process

Input and output pin demand

Example: o Level sensitive scan designs require
four additional pins

Fauvlt coverage and fault types

Examples: o For level sensitive scan designs,
coverage of the single stuck-at fauit
can be arbitrarily high and can be
measured via fault simulation

o For built-in logic block observation
testing, coverage is difficult to
determine

o For autonomous testing. coverage is
essentially complete for all fault modes

Test input or output storage volume (on chips)

lae* n Far mimaradiananactice
- & e A A& WA Ml d wi Vi wdvS

ian tact valiuma
LG‘llvﬁ LA =N~ -

ie hiah
v RN - 9

. 11dYyis

o For signature generation, volume is low

o For level sensitive scan designs, no
on-chip storage is required

Performance degradation
Preprocessing (off-line) costs

Cost of off-line automatic test equipment

Caecet af
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2.5 TESTABLE DESI GN NETHODOL OGY

The conbination of (a) a kernel structure S and (b) a test
strategy (test generation, run-tinme test hardware. and hardware
for accessibility) constitutes a testable design nethodol ogy.

If the structure S has a design style D, then it can be said
that the testable design nethodology is for design style D.

The general form for a testable design nethodology is
represented as follows:

Al. A kernel structure to be tested
(optional: A basic circuit structure and its
design style)

est strategy

1 An off-line test generation strategy
.2 A run time testing environnent

3 Hardware for test accessibility

2.5.1 Level Sensitive Scan Design(LSSD) Exanple of
Testable Design Methodology. As an exanple, a level sensitive
scan design is associated with a testable design nethodol ogy
having the follow ng attributes:

Al Gate conbi national network
A2.1 Test generation algorithnifault
sinmul ator/transl at or
A2.2 Aut omatic test equi pnent
A2.3 Level sensitive scan design registers

Figure B-1 indicates the major conponents associated wth
the level sensitive scan design testable design nethodol ogy. In
Figure B-2 a specific exanple of a testable circuit structure
having a | evel sensitive scan design testable structural style
i's shown.

The space of testable design nethodol ogi es can be thought

of as a multi-dinensional space having the following three main
conponent s:

a. The structure of the circuit to be tested and
possibly its basic structure and design style

b. The test strategy selected to test the circuit

C. The val ue of the neasures, such as ML through M,

associ ated with the above two itens

Gven this space, sone testable design nethodol ogy can be
judged to be good, others to be poor. For exanple, replacing

B-22
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The LSSD methodology consists of the
kernel & test strategy indicated

CIRCUIT
DESCRIPTION

OFF-LINE TEST
GENERATION SOFTWARE
INCLUDING: D-ALGORITHM,
FAULT SIMULATION, TRANSLATOR

The three components of the
test strategy are as shown:
Kernel 1. Off-line test generation
of the LSSD/TSS-
AT

2. Run hime test hardware
3. 170 accessability to kernel

Basic structureis
combinational and
its style 1s GCN

E

o CHiP
~i~j—-———— === "'l
' |
! 1
\'\ — C |
™ (GCN) :
' ’_—J r—" eoe |
! ' | LSSD register-
| \ a BIT structure
: LR \
|
: A !
| ! The LSSD Testable
e e e o e e e e e e e - T Structural Style
(TSS)

FI GURE B- 1. The Level Sensitive Scan Design Testable
Desi gn Met hodol ogy
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A BASIC STRUCTURE S {combinational
logic) OF DESIGN STYLE GCN
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Tl<—scAN-IN

A BIT

STRUCTURE (LSSD register)
A TESTABLE STRUCTURE T
HAVING AN LSSD/TSS

FIGURE B-2. A Testable Structure Having a Level Sensitive
Scan Design Testable Structural Style
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the gate conbination network by a random access nenory in the
| evel sensitive scan design would not lead to a useful testable
desi gn net hodol ogy.

2.5.2 The Design Problem The main tasks in designing a
testable CLSIC chip can be stated as follows:

a. Partition a design into circuit structures.
Depending on the testing strategy to be used.
some or all of these structures may be basic
circuit structures having well defined design

styl es.

b. Sel ect an appropriate test strategy for each
structure.

C. Modi fy the design as necessary to inplenent the

sel ected testable design nethodol ogi es satisfying
all measures associated with the chip.

2.6 CHP BULT-IN TEST C RCU TRY

In making a chip testable, several standard hardware
structures are often added to the chip in order to enhance its

testability. Exanpl es of such built-in test circuits are:
a. Set/scan registers, e.g., level sensitive scan
design registers
b. Counters (generates 2P test vectors)
C. Built-in logic block observation registers

d. Conpar at or s
e. Li near feedback shift registers
f. Parity generators

Over the last several years, increased |evels of
observability and controllability in VLSI circuits have been
obt ai ned by replacing normal flip-flops in a circuit by dua
node registers which, in normal node, act as normal flip-flops.
In the test node, they act as shift registers, enabling test
vectors to be scanned into the circuit and test responses to be
scanned out. To achieve exhaustive testing, counters can be
added to a circuit so that all possible test patterns can be
gener at ed. To carry out ones or transition count testing, a
count register can be used. Bet ween these two extremes, one can
enpl oy l|inear feedback shift registers, such as in the built-in
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| ogi ¢ bl ock observation (BILBO nethodology, to either generate
pseudorandom test vectors or to generate a signature. Finally,
a conparator can be used to conpare a generated signature with a
stored correct signature. Wen these test circuits, as well as
others, are used, powerful testable structural styles can be
created.

Except for the parity generator, the test circuits |isted
previously are used for off-line testing. Wen on-line testing
Is used. then other built-in test circuits are enployed. They
are usually used to inplenment sone coding or decodi ng schene.

O her exanples of such test circuits are self-checking checkers.

2.7 EXAMPLES OF TESTABLE DESIGN NMETHODOLOG ES

This section briefly illustrates a few popul ar testable
desi gn net hodol ogi es.

2.7.1 Level Sensitive Scan Design (LSSD) Testable Design
Met hodol ogy. Probably the nost well known testable design
nmet hodol ogy is the level sensitive scan design testable design
nmet hodol ogy i ntroduced by | BM Thi s net hodol ogy has been
depicted In Figures B-1 and B-2.

2.7.2 Scan Path Testable Design Mt hodol ogy. Thi s
nmet hodol ogy is simlar to the level sensitive scan design
t est abl e desi gn net hodol ogy. The main differences lie in the
type of flip-flops used in the registers and the clocking schene
enpl oyed.

2.7.3 Scan-Set Testable Design Methodol ogy. The scan-set
testable structural style is shown in Figure B-3. Note that the
kernel structure is now a sequential circuit; hence, the
off-line test generation process for this nethodol ogy can be
significantly nore conplex than that for the previous two
met hodol ogi es.  The register can either |oad data
(observability) in parallel fromtest points in the kerne
structure and shift these data out (scan-out), or else scan-in
new data (controllability) and apply these data to test points
in the kernel.

2.7.4 Random Access Scan Testable Design Methodol ogy. The
testable structural style for the random access scan testable
desi gn nethodology is shown in Figure B-4. Again, off-line test
generation is required along with automatic test equipnent, and
the kernel is conbinational. For this testable structura
style, the flip-flops in the original sequential circuits are
made individually addressable during the testing node, and their
contents are set and read via the automatic test equipnent.
During the normal node of operation, the kernel and flip-flops
in the addressable storage array operate as a nornal sequenti al
circuit.
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SCAN-SET
/"~ REGISTER
SCAN IN —— 2 SCAN
ke e £~ l_'—‘d l . 2 ) .,.. ) n | Ol
CUNIRULY I f i
AND CLOCKS | n
o
¥ 1
SEQUENTIAL CIRCUIT STRUCTURE
’ (kernel) ’

FI GURE B- 3. The Testable Structural Style Used in the
Scan- Set Testabl e Design Mt hodol ogy

B- 27



Downloaded from http://www.everyspec.com

M L- HDBK- 339 ( USAF)
APPENDI X B
31 JULY 1984

»] COMBINATIONAL LOGIC | .

(kernef)
f |
CONTROLS J l
AND CLOCKS
—
ADDRESSABLE
Y STORAGE
ELEMENTS
D
vV COAN E COr AR
T-9LAN C - JULAIN
ADDRESS | O : ouT
D
E
R
|
X-DECODER

A

|

X-SCAN ADDRESS

FI GURE B- 4. Random Access Scan Testable Structural Style
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2.7.5 Built-in Logic Block (bservation (BILBO Testable
Desi gn Met hodol ogy. This testable structural style is an
exanple of a fully built-in test approach: hence, no off-line
test generation is used, and only mninml autonatic test
equi prent is required. The built-in logic block observation
registers carry out four functions for testing; nanely,
controllability, inprovenent, test sector generation,
observability, and test response processing (signature
generation).

Figure B-5 shows the testable structural style used in the
built-in logic block observation testable design nethodol ogy.
The kernel is again conbinational logic and usually of the gate
conbi nati on network design style. Since this approach is based
upon pseudorandom test patterns, a read only nmenory or
programmabl e logic array design style is not suitable. The
circuit €3 is tested by configuring the built-in |ogic block
observation register on the left as a pseudorandom pattern
generator and the built-in logic block observation on the right
as a signature generator.

2.7.6 Syndrone Testable Design Methodology. The testable
structural style for the syndrone testable design nethodology is
shown in Figure B-6. Again, the kernel is conbinational, but
this approach is applicable to gate conbination network.
progranmmabl e logic array, or read only nenory design styles.
Only a single output is indicated. Testing is acconplished by
having the counter produce all 2% input vectors. while the
count register counts the nunber of 1's on the output. The
correct nunber of 1's is the nunber of mnterns in the function
realized by C and is denoted by K Then s=K/2B is Said to be
the syndrone. Fault detection is achieved by conparing the

final state of the count register with S In this built-in self
test met hodol ogy, no off-line test generation is required. and
the automatic test equipnent requirenents are mninal. Oten

the design of the circurt C (for gate conbination network and
programmabl e |ogic array design styles) is nodified to enhance
testability; e.g., a syndrone testable circuit is one for which
every single stuck-at fault is detectable by this testing

appr oach.

There are several variations to this form of testing. For
aut ononmous testing, the output of the kernel is directly
observed by an automatic test equipnent rather than conpacted
into a signature (syndrone). This form of testing thus
guarantees detection of all faults which are not sequential in
nat ure. Alternatively, the response can be processed via a
i near feedback shift register, and again a signature can be
gener at ed.
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FI GURE B-5. Built-in Logic Block Qoservation Testable
Structural Style
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FI GURE B- 6. Syndrone Testable Structural Style
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2.7.7 Easily Testable Bit-Sliced Testable Design
Met hodol ogy. While bit-sliced architectures are usually

i npl emented via interconnecting chips, as the level of
integration increase these architectural style will be used nore
extensively at the chip level. One reason for this is
regularity in layout and testing. A testable structural style
ideal for bit-sliced architectures has been devel oped. One
version of this architecture is for Cl-testable arrays. To
introduce this concept, a few definitions are needed. An
iterative logic array is a one-dinensional cascade of identica
cells (see Figure B-7). The cells can be either conbinational
or sequential circuits. An iterative logic array is said to be
Ctestable if it can be tested with a constant nunber of test

patterns, independent of the array size N Let T be a test set
that tests an iterative logic array D conpletely under the
assunption that only one cell in the array is faulty. Dis

|-testable with respect to T if the expected responses to T
appearing at the vertical outputs of every cell Lj of D are
identical. A Cl-testable iterative logic array is both
Ctestable and I-testable with respect to sonme test set T. The
necessary and sufficient conditions for an iterative logic array
to be Cl-testable are given in the literature.

In Figure B-7 Lj, Lz, represents the
Cl-testable iterative logic array to be tested. The nor mal
inputs and outputs are shown. The test T can be stored off-chip
and applied via automatic test equipnent or on-chip and stored
in aread only nenory. The equality checker determnes if the
responses fromeach Lj are identical. The case of a single
output line fromeach Ly is shown, but the concept can be
easily generalized to the case of nultiple output |ines.

Of-line test generation is required for this nethodol ogy;
for complex cells, this process may be quite difficult and
require the use of checking sequences. Real tinme test hardware
can be either on-line or off-line. Test application to the
kernel is achieved via the nultiplexer. while observability of
the responses is not required due to the equality checker and
the concept of I-testability.

2.7.8 Summary. In summary, fully built-in testing deals
with those test strategies where the role of the external test
equi prent is mnimal. Built-in logic block observation and

syndrone testing are exanples of nethodol ogi es which enpl oy
fully built-in testable structural styles. The general
architecture for such a style is shown in Figure B-8.

Table B-1V summari zes the various options for each block in
Figure B-8.  Wen built-in test structures are added to a
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FI GURE B-7: Bit-Sliced Testable Structural Style
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TABLE B-1V: Some Options in the Design of a Fully
Built-In Testable Structural Style

(o]

o Hardware test generation
o random patterns using a linear feedback shift
register
o all input combinations using a linear feedback
shift register or a counter (exhaustive)
o some specified patterns using a nonlinear

feedback shift register
0o Stored test patterns
o Store and generate - store some pre-calculated
patterns as initial values for a linear feedback
shift register

o Functional circuit
0 Sequential circuit -
can be partitioned into combinational parts using
set/scan registers
o Combinational circuit -
partition into manageable subcircuits

o Response analyzer

o Use compressed responses -
o syndrome (one's counting)
o signature using linear feedback shift register
o transition counting

0 §Store the correct responses

Generate the correct response

o Compare responses with correct ones and generate
go or no-go signal

o

o Controller

o Control transition between test mode and normal
mode
o Control testing process
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FI GURE B- 8. General Form for a Fully Built-In
Testable Structural Style
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circuit, care must be taken to ensure that the test structures
are thenselves tested, either inplicitly or explicitly. Al so,
when several different testable structures exist on a chip, sone
addi tional hardware overhead nmay be required to control the test
process.

2.8 TESTABLE DESIGN METHODOL.OG ES FOR PROGRAMVABLE LOG C ARRAYS

Nunerous techniques for testing the programmable |ogic
array design style have been suggest ed. Figure B-9 indicates
several testable design nethodol ogies for programmable |ogic
arrays according to certain attribute, such as whether or not
they support concurrent testing, produce a self-testing
programmable logic array, require off-line test generation, and
are based upon a special design approach. Natural ly, these
techni ques coul d have been classified and grouped differently,
such as by fault coverage area overhead.

Figures B-10, B-11, and B-12 indicate the testable _
structural styles corresponding to just three of the techniques
listed in Figure B-9.

2.8.1 Programmable lLogic Array with Universal Test Set. Fi gure
B-10 indicates a testable structural style for a programabl e
logic array which enploys a universal test set; hence, no test
pattern derivation is required. The normal design of the
programmabl e logic array is shown in heavy lines. The nmedi um
lines indicate added built-in test structures, and the thin
lines indicate wires. The product term selector is a shift
register; the data in this register enable and disable the
product lines in the array. The AND array is extended by one
product line such that each input row has an odd parity; a word
parity line is also added to the OR array. The inputs Yg.

Y1. Y2 are used to control the circuit during the normal and
test node. An error is indicated by testing the two |ines

(Z3. 23). This test can be done on-chip or off-chip. The

D is a new input used to supply data to the product term

sel ector register. Normal |y the universal test set is stored
off-chip and is applied via the automatic test equipnent.

If the progranmable logic array has n inputs and m product
lines, then the nunber of tests in the universal test set is 2n
+ 3m  These tests detect all single stuck-at faults in the
decoder blocks f and the programmable |ogic array, al
crosspoint faults in the programmable |ogic array. and all
stuck-at faults in the parity chain #1.
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2.8.2 Autonpusly Testable Programmable Logic Arrays.
Figure B-11 indicates what is referred to as an autononously
testabl e structural programmable logic array style. This form
of testing is very simlar to the universal test set approach,
except that rather than store the universal test set and have
them applied via an automatic test equipnent, the autononous
test approach generates the test patterns on-chip.

. For this design, a product term selector register. severa
additional parity word and product term lines, and the parity

chains have again been replaced by parity trees to enhance
their testability.

The control for normal and test nodes may still be
external : however, the input test data and the data for D,
are now all generated on-chip by the feedback val ue generator

which is a sinple sequential circuit. At the end of the test
process, the product term selector register contains a
si gnature: it is decoded by the flag circuit which produces an

error flag if a fault has been detected.

Thi s approach enploys n+2m+8 tests and detects all cross
point faults in the programmable logic array as well as al
single stuck-at faults in the entire circuit except for parts
of the feedback value generator and flag circuit. These can be
duplicated if necessary.

2.8.3 Programmable Logic Arrays with Concurrent Error
Detection and Testing. Figure B-12 indicates a progranmable
logic array testable structural style which supports concurrent
error detection. The programmable |ogic array nust be designed
so that it has concurrent product lines, i.e., exactlv one
product termis true for every input vector. This condition
usual ly increases the size of the programmable |ogic array.
Since the programmable logic array inputs exist as a two-rai
circuit (x3. x'3). a totally self-checking two-rail checker
Cz is used to detect stuck-at faults on input lines. A
parity output word is added to the OR array, and a parity tree
C3 is used to detect errors on the outputs. Si nce concurrent
testing is enployed. a totally self-checking 1 out of m checker
C; can be used to detect errors on the product |ines.

During normal operation, this testable structural style
will detect any of the following faults which produce out put
errors: single stuck-at faults. shorts between adjacent |ines,
and crosspoint faults. Most transient faults are also
det ect ed. Since it is possible that the normal inputs may not
conpletely test Cy and C3. it may be necessary to carry out
off-line testing so that these circuits can be conpletely
t est ed.
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2.9 SUMVARY

This section has presented a survey of sone of the
i nportant concepts related to the design of a testable CLSIC
The concepts of fault tolerance and testing have been touched
on. Both external testing and design for testability have been
di scussed. Several design for testability concepts have been
presented, with enphasis on structures for sem and fully
built-in testing.

In addition, an approach to achieve testable designs has

been suggested. In this approach, it is necessary to first
partition a CLSIC into structures to be tested as separate
entities. Some of these structures may be basic structures and

have design styles. Oten the characteristics inherent in a
structure or its design style dictate a testing approach. The
concept of a test strategy, consisting of off-line test
generation, run-tinme test hardware, and built-in test
structures for input and output accessibility, was introduced.
G ven a selected test strategy for a structure to be tested, a
testable structural style is created. A testable chip thus
consists of instances of testable structures. each of which
corresponds to sone testable structural style. The result of
using these concepts in an orderly and effective way,
satisfying the goals and constraints inposed by the design
specifications, constitutes a testable design nethodol ogy.
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SECTI ON 3
GUI DELI NES

This section elaborates on those sections of the handbook
dealing with testing and testability. After each section
nunber the corresponding section in the handbook being
addressed is indicated.

3.1 EAULT TYPES (4.3.1.1.1)

The expected physical failure nodes and their probability
of occurrence may be estimated from an analysis of the specific
| C manuf acturing technol ogy being used for the CLSIC The
maj or failure nodes include package wiring faults; on-chip
netallization failures due to corrosion, electromgration.

m crocracks, or bridging;, dielectric failure due to nask
defects or ESD; pattern sensitivity; and radiation-induced soft
faul ts. Useful failure statistics on established IC

technol ogies are published regularly by the Reliability
Analysis Center (Rone Air Devel opnent Center, Giffiss Ar

Force Base, NY, 13441). Failures may be characterized as
permanent, intermttent (tenmporary and recurring), or transient
(tenporary and nonrecurring). Physical failures frequently

result in logical faults which may be represented by
functionally equivalent logical fault nodes for test vector
generation and testability analysis purposes. The standard
logical fault nodel is the single stuck-1ine nodel, which
allows any logic signal connection in a circuit to be
permanent|ly stuck-at logical 0 or 1. The single stuck-line
nodel has been found adequate for representing nost types of
permanent |logic faults encountered in bipolar digita

circuits. It is inadequate for dealing with sone types of
open-circuit and short-circuit faults. pattern-sensitive

faults. and delay faults involving changes in signal

propagati on del ays. Sonme of these faults can be dealt with by
either l|ocalized exhaustive testing or by devising "workaround”
circuits that allow the nonstandard fault of interest to be
repl aced by an equivalent single stuck-line fault nodel. The
occurrence of hard to detect faults can be reduced by making
appropriate nodifications to the logic design and |ayout of the
CLSI C. Oten, the fault nodel selected for a particular

circuit is based upon the design style of that circuit, such as
a programmable logic array, random access nenory, or read only
nmenory. Based upon the failure statistics of the |IC technol ogy
and the fault types selected to be considered, the contractor
can determne the correlation between those faults covered by
the nodels and the physical failure mechanisns exhibited by the
chi p.
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3.2 TESTABILITY MEASURES (4.3.1.1.2)

The two primary neasures of testability are fault coverage
and fault resolutions. Oher neasures may only be useful in
maki ng design choices in specific cases. Conpari sons of
designs that satisfy the fault coverage and fault resolution
requi rements with designs that do not neet those requirenents
are usually not significant and nay be m sl eadi ng.

3.2.1 Fault Coverage. The need to neasure fault coverage
and the neans for carrying out this neasure are a function of
the testing approach taken for a particular circuit.

If a conplete functional or exhaustive test is carried out
and the response data are not conpacted, then fault coverage
for permanent stuck-at faults is presumably 100 percent, and no
further analysis is required.

The fault coverage with respect to a specified set of
faults F and nonexhaustive tests T can be cal cul ated by
simulating the response of the device under test to T with each
of the faults from F present. Fault coverage may al so be
obt ai ned as a byproduct of the test generation process itself:
typical test generation prograns use simulation to check the
ability of the tests T being generated to cover the target
faults F. Representative comerci al conputer programs for test
generation and simulation that can provide fault coverage data
are D LASAR (Teradyne) and TEGAS (Consat-CQd). The cost of
fornmulating the simulation nodels and executing the test
generation and simulation progranms can be very high for |arge

unstructured designs. It can be kept to manageabl e | evel s by
the use of testable design styles such as |level sensitive scan
design (see Section 3.6.4). If the fault class is extrenely

large, e.g., the set of all possible nultiple stuck-at faults,
then fault coverage can be estinmated statistically by
simulating only a subset of the possible faults. The
nonsi mul ati on technique of critical path tracing can also be
used to estimate fault coverage in conbinational circuits. In
general, the goal of 100 percent fault coverage of the
detectabl e single stuck-at failures should be sought.

Fault coverage may be cal culated directly w thout
simulation for sonme types of self-checking circuits whose error
detecting capability is known a priori. For exanple, in a
random access nenory enploying a single-error correcting
doubl e-error detecting code, faults causing one or two bits of
a data word storage cell to beconme stuck at 0 or 1 can be
detected by the code-checking circuitry with a fault coverage
of 100 percent.
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Wien the syndronme testing techniques are enployed, 100
percent fault coverage of the single stuck-at faults can be
guaranteed via the testability synthesis approach, and
sinulation is not necessary. Wen standard or universal test
sets are enployed, again the fault coverage is often known a
priori.

Wien linear feedback shift registers are enployed for
on-chip pattern generation and signature generation, as in the
built-in logic block observation techniques, then fault
coverage can still be estimated via simulation. For this form
of built-in testing, the actual fault coverage can be increased
in a nunber of ways, such as by selecting nore than one
f eedback network for the registers or by increasing the Iength
of the registers. The main goal in this formof testing is to
mnimze the problem of aliasing (having an erroneous out put
produce the correct signature), and of not generating a
critical input pattern (having a faulty circuit not produce an
output error).

3.2.2 Fault Resolution. Since CLSIC chips cannot be
repaired, fault resolution does not have the sane rel evance as
it has for a printed circuit board. Its use in the CLSIC
context is primarily for identifying flaws in the design
process or in the silicon processing.

Fault resolution may be defined as the maxi num or worst
case nunber of circuit elements to which any given fault can be
isolated or located via the specified testing procedures.

Fault resolution can be determ ned by fault simulation

progranms, as discussed under “Fault Coverage” (3.2.1 above).
Because of the large anmount of simulation time involved, the
nmeasurenent of fault resolution may be based on sinmulation of a
smal |l but statistically representative sanple of the fault
types under considerati on. | f acceptable to the contracting
agency, estimates may al so be based on nanual analysis of the
CLSIC that identifies the worst case faults from a resol ution
Vi ewpoi nt .

The fault resolution with respect to a test T for a
subcircuit in the CLSIC can also be specified in tabular form
such as the one indicated in Table B-V. In a particul ar case,
XI may represent the range 10 to 15 transistor, and Yj; may
be 3 percent of the stuck-at faults; X the range 5 to 9,
Y2=17 percent; X3 the range 3 to 4, Y3=30 percent; X4
the range 1 to 2, and Y4=50 percent. \Wat this neans is
that, in this case, at l[east 50 percent of the stuck-at faults
must be locatable to 1 or 2 transistors.
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TABLE B-V. Fault Resolution Tabl e

Size of Fault Percent of Faults in
Resolution Class Fault Resolution Class
b ¢ Yy
b &) Yo
Xn _Yn

100 percent

3.2.3 Hardware Crcuit Overhead.

The hardware circuit
overhead is given by the formula

Bp

Fr X 100 percent
T

where h is the nunber of transistors or logic gates in the
CLSIC as a whole, and hp is the nunber used in the circuits

i ncluded exclusively to enhance testability. The h and heg
are determned by actual count.

3.2.4 Chip Area Overhead. The chip area overhead is
given by the formula

—33——23 X 100 percent
wo

where ay is the surface area of CLSIC chip, and aye IS the
actual area, or a reasonable estimate thereof, of a
functionally equivalent chip wthout the CLSICs testability
features. This formula inplicitly includes the extra pads,

drivers, and other features required to support the functional
part of the testability circuits.
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3.2.5 Software and Firmmare Overhead. The software and
firmmvare overhead may be conputed from the fornula

m,r

——- X 100 percent

oy

where mis the total capacity of the relevant nenory (nain
menory in the software case and control nenory in the firnmware
case) in the CLSIC, and mp is the anount of nenory space
devoted to enhancing testability. These capacity figures may
be neasured by the nunber of executable instructions of

m croinstruction involved; they may also be neasured in bits.

3.2.6 Performance Overhead. The cl ock frequency overhead
may be determined froma worst case analysis of the effect. if
any, of the testability features on circuit propagation del ays
and, hence, on maxi num clock frequency. This duty cycle
measure is usually appropriate for CLSICs that have a separate
testing node during which the normal conputational functions of
the CLSIC are tenporarily halted. A suitable perfornmance
measure in this case is the availability A which is defined as
t he nean percentage of tinme during which an operational chip
perforns normal (nontesting) functions.

3.2.7 Reliability Overhead. The reliability of the CLSIC
may be specified by the predicted failure rate A, the
corresponding nean tinme to failxre MITF =1/A , or the
reliability function R(t) = e~ The M L-HDBK-217 nodel is
wi dely used for calculating A for 1CGCs. It defines A the
failure rate per mllion hours of operation, in ternms of the IC
technol ogy used (MOS, bipolar, or others), the maturity of the
fabrication process, the device screening quality, the
operating environnment, the conponent density (the nunber of
gates or transistors used per square mllineter), the pin count,
and other relevant paraneters. By conputing A for the CLSIC
both with (Ayg) and without ( its testability
features, an indication of the inpact of these features on
reliability can be neasured by the formula

A~ Mo

X x 100 percent

wo

denoting the percentage increase in failure rate. Not e t hat
this analysis does not take into account the inpact on
reliability of any fault tolerance nmechanisns in the CLSIC
Computer prograns inplenenting various versions of the

M L- HDBK- 217 failure rate nodel are avail able.
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3.2.8 Testing Speedup. The testing speedup can be
expressed by the fornula

§ -6
w wo X 100 percent

SHO

where s and syo denote the total testing times for the

CLSIC with and without its testability features, respectively.
The tinmes sy and sye My be determ ned precisely by actual
construction and testing of two versions of the CLSIC they can
al so be obtained, usually at far |ess cost, by conputer

si mul ati on. In other cases, an estimate of syo May be used

to calculate the testing speedup, based on the actual value of
sy and a manual analysis of the inpact of the testing

features of the CLSIC on testing tine.

3.3 TESTABILITY SYNTHESIS (4.3.1.2)

The devel opnent of an effective testability design
met hodol ogy involves the follow ng steps:

a. Specification of the relevant failure nodes,
testability measures, and error notification
requirenments

b. Identification of candidate testing nethods,
both on-line (built-in) and off-line, and their
support requirenents, e.g., automatic test
equi pnment or software

C. Eval uati on of the effectiveness of the candi date
approaches and sel ection of the nost
cost-effective one

3.3.1 Fault Characterization (4.3.1.2.1). Wen faults
are characterized, the follow ng aspects are to be considered:

a. How circuits fail, i.e., failure node analysis

b. The | ogical nodels used for characterizing these
failures

C. The relative probability of occurrence of each

fail ure mechani sm

Crcuit failures occur due to nunerous reasons, such a
radi ation, nmetal mgration, punch through effects, and
capaci tance and resistance effects. The effect of initia
metal mgration may be to cause transient errors, while extrene
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cases nay cause a pernmanent open circuit. The types of
failures and their probability of occurrence are a function of
several factors, such as the design rules, the IC famly, the
process characteristics, and the circuit |ayout. For exanpl e,
shorts between |ines may be rmuch nore probable in a
programmabl e logic array than in a NAND gate realization of the
same function. Once the failure nmechani sm types have been
identified, they can be placed into categories dealing wth
their effect on timng, circuit structure, and |ogica

behavi or. For exanple, capacitance-related faults can affect
timng and may require dynam c testing. Shorts and opens
affect circuit structure. The nodeling of faults for purposes
of test generation or sinmulation can be a function of the
circuit structure in which the fault exists. For exanple, an
open in a conbinational circuit and in a random access nenory
may be nodel ed and processed entirely differently.

Failure node analysis is based primarily on data from
device screening tests, accelerated |life testing, and field
operation. Detailed data for widely used IC famlies are
published by the Reliability Analysis Center. For test
generation and testability evaluation, logical fault nodels
guch as the single stuck-at line nodel are widely used (see

ection .

The results from fault characterization can be a tabul ated
list of faults or fault nodes which can occur in the CLSIC, the
nodel s used to characterize these faults. and the relative
probability of occurrence of each fault or fault node. The
nunber of occurrences of a particular fault node should be
determ ned, since this nunber is useful in evaluating fault
coverage and determning the probability of a faulty chip
passing a test.

3.3.2 Testing Techniques and Strategies (4.3.1.2.2).
Most external (off-line) test generation nethods for general
logic circuits enploy conputer prograns that inplenent the
D-algorithm or a simlar path-sensitization technique. They
al so usually enploy the single stuck-line fault nodel as the
standard nodel . Nonst andard faults can sonetinmes be handl ed
via workaround circuits containing functionally equival ent
single stuck-line faults. Commercial test generation prograns
such as TEGAS and LASAR typically achieve single stuck-Iine
fault coverage in the 60 to 95 percent range for circuits up to
about 1000 gates and 50 flip-flops. To obtain conparabl e or
hi gher fault coverage for larger circuits. use of an easily
testabl e design technique such as |evel sensitive scan design
appears to be necessary.
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Built-in testing nmethods for general circuits fall into
two main groups: concurrent and nonconcurrent. Error
detecting and error correcting codes are the basis for nost
concurrent built-in tests. Such codes are wi dely used for
testing nenories and busses and are well| understood.
Concurrent built-in tests can also be inplenmented by
replicating the conponents to be tested and conti nuously
nmonitoring their outputs via match circuits. O course. this
entails at |east doubling the anmount of hardware used.
Nonconcurrent built-in test methods have two operating nodes:
a test node and a nornmal node during which no testing is
per f or med. Tests are executed periodically under the control
of resident test hardware, software, or firmmvare. The test
data are either preconputed and stored in a read only nmenory or
generated via built-in test algorithnms. M croprogranmmed
self-test firmvare has proven very effective ere it is
appl i cabl e. One hardware-based built-in test technique,
referred to as built-in logic block observation (BILBO, is
based on signature analysis and is currently under
devel oprent . It involves very little hardware overhead for
testing, but its fault coverage is unclear.

A large nunber of easily programmed testing techniques
have been devel oped for random access nenories, but test
generation for mcroprocessors or mcroprocessor-based circuits
Is still a poorly understood heuristic process. Nonr epl i cat ed
conpl ex conponents such as mcroprocessors are usually tested
by heuristic nmethods that attenpt to exercise the conponent’s
functions. Since they do not enploy explicit fault nodels, the
ef fectiveness of these testing nmethods is difficult to
det er m ne.

The overall test strategy should consider all available
testing techniques and select those appropriate for the
specific technology used and for the functions, testability
features, and other requirenents of the specific CLSIC The
overall test strategy for the CLSIC should include the
i ndividual test strategies for each of the various design
structures on the CLSIC. The nmjor issues in devel oping an
overal|l testing strategy are:

a. Identification of the stages in the devel opnent
and fabrication at which testing is to be
carried out

b. Selection of the testing techniques to be used
at each stage

C. Al'location of the testing facilities between
external testing and built-in test
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d. Design or acquisition of the hardware and
~oftware facilities needed to inplenent each

agt process

3.3.3 Intermttent Failure Detection (4.3.1.2. 3).
Intermttent failures nay be detected rapidly on coded data via
sel f-checking circuits such as the checkers associated with
error detection/error correction codes. Detected errors should
be logged in appropriate error registers. e.g., in on-chip
random access nenories, that are accessible to the on-chip or
of f-chip diagnostic procedures. Automatic retry facilities
shoul d be used to repeat any operation that may be attributed
to an intermttent or transient fault, e.g., an unsuccessfu
nmenory read or wite operation. The retry function can be
efficiently inplemented via a software or firmaare interrupt
that is invoked by an error signal. This routine typically
restores the circuit to the state existing before the error
appeared and causes the faulty operation to be repeated.
Successful inplenentation of retry requires good error
confinement to limt the spread of error signals throughout the
circuit. This in turn usually requires extensive use of
hardware, firmware, or software facilities to check the
consistency of all major data transfer, processing. and contro
functions. Failures that result in inconplete operations,

e.g., the failure to issue a required acknow edge signal, can
be detected via tiw+ out circuits (watchdog tiners). The
nunber of retry attenpts needed to distinguish pernmanent
(unrecoverable) failures fromintermttent or transient
failures depends primarily on the expected duration of the
nonpermanent failures, as well as the circuit’s ability to
[imt error propagation during retry attenpts.

3.4 TESTABILITY EVALUATION (4.3.1.3)

The testability measures defined in Section 3.2 provide
key quantitative figures-of-nerit for evaluating the CLSIC
Their application requires a thorough analysis of the expected
physical failure nodes and failure rates, as well as the
circuit’s logical structure, speed of operation, and the
hardware and software overhead attributable to testing. Once
the testing strategies for each circuit structure in the CLSIC
are established, the contractor should determ ne how the
testability measures defined in Section 3.2 are to be

eval uat ed. Speci fi ed approaches and tools should be identified
for each item e.g., How will fault coverage be neasured? If
sinulation is chosen, which sinmulator will be used? The

contractor should determ ne whether these tools are already
avai l abl e, or whether they nmust be devel oped. Proven tools
shoul d be used, since new ones require validation
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If the CLSIC consists of many different structures, then
an analysis of the various paranmeters associated with these
structures nust be carried out to ensure that the overal
testability requirenent of the CLSIC are net. Hence,
structures on the chip which have higher failure rates may
require nore thorough test strategies than other structures.

Based upon the fault nodes inherent in a technology. their
probability of occurrence, and the fault nodels enployed, the
rel ati onship between fault coverage and the probability that a
faulty chip successfully passes a test can be determ ned by the
contractor. This informati on can be used later to determne a
m ni mal acceptabl e value of fault coverage.

3.5 TESTABILITY ANALYSIS, CONCEPTUAL DESIGN PHASE (7.6)

The first step of this prelimnary stage in the design
process is the selection of the testing nethodol ogy to be used
for the major architectural elenents of the CLSIC such as for
t he nenories, processors, or busses. This selection will be
gui ded by the expected fault types for the CLSIC s technol ogy
type and operating environnent (see Section 3.1) and al so by
any constraints that m ght be placed on chip area, pin count,
or operating speed. A priori requirenents for conpatibility
with existing circuits or IC famlies will influence
architectural style and testability. A nmmjor decisionis to
determne the relative use to be nade of built-in test features
and external automatic test equipnent. In the design of
built-in test features. it should be decided where concurrent
and nonconcurrent testing nethods would be used. H gh-speed
conti nuous operating requirenments favor concurrent testing.
Error correction/error detection code checking nethods provide
a good degree of testing confidence at noderate hardware
circuit overhead. H gher confidence can be obtained via
replication and conparison (match circuits), but the chip area
overhead is large. A self-testing conputer enploying
conpr ehensi ve concurrent testing with noderate overhead for
built-in test features has been desi gned. Nonconcur r ent
testing prograns may be readily included in circuits with
resident program or mcroprogram nenories. Typically, these
prograns systematically exercise the nmajor functions of the
circuit. The testing confidence and testing tine generally
increase with the size of the testing program

Access points for wafer testing may be provided by neans
of test pads at the interfaces of all najor conponents of the
CLSI C. Access after packagi ng can be provided by test pins.

In bus-oriented circuitry, such as a m croprocessor-like
circuit, it is desirable to provide the automatic test
equi prent with direct access and control over the nmain internal
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busses. This can be achieved by providing progranmabl e data
paths from all busses of interest to an externally accessible
bus port of the chip. Such a "diagnostic port"” is found. for
example, in the Fairchild/ Mostek 3870 m croconputer chip

Access to input and output pads via sone mechani sm such as scan
pat hs should be nade available so that tests for interconnect
failures at the next higher level of integration can be

execut ed.

Crcuit partitioning is an inportant nmeans for enhancing
testability. The use of bit-slice architectures leads to
testing of snmaller, regular structures. Large conbi nati onal
| ogic structures may need to be partitioned 60 that they can be
processed nore effectively by test generation algorithns.

Where built-in test techniques are enployed, such as syndrone
testing or built-in logic block observation, circuits may need
to be partitioned 60 that the test application time is not
excessi ve. Often, the nunmber of inputs to circuits tested by
such neans is limted to about 20.

3.6 TESTABILITY DESIGN REQUI REMENTS (8. 3)

a. Test pattern injection is a primary concern when
external automatic test equipnent is used. It
can be achieved by careful design of the
circuit’s functional interface so that norma
access paths can be used for testing purposes.
Wiere necessary, and permtted by pin
constraints, special test points for test
pattern injection can be provided. Were input
data access is desired but not available via the
primary inputs, then special circuitry can be
enpl oyed such as scan path registers or the
| evel sensitive scan design nethodol ogy.

b. The access requirements for observability
purposes are basically simlar to those noted
under Paragraph (a) above for controllability.
For CLSICs containing |arge anounts of nenory in
the form of registers, stacks, and random access
nmenories, observability and controllability can
be enhanced via architectural considerations
which allow these registers to be read by and
witten froma circuit bus. This also nmakes
many inportant operational processes easier to
handl e, such as initialization, rollback.
interrupt processing, and retry.
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C. External error indication is best provided by a
single output pin that is activated by the
built-in test features when an error occurs.
Additional status bits may be provided to enable
the built-in test features to supply diagnostic
i nformation. The 6805, for exanple, outputs a
4-bit word indicating the results of executing
its on-chip test program

d. Checking the built-in test features itself may
be acconplished by the use of self-checking
checkers. which are nost suited to designs
enpl oying error detection/error correction codes
or replication with matching. It may al so be
desirable to design the built-in test structures
so they can be easily isolated fromthe rest of
the circuit for testing by external autonmatic
test equi pnent.

Careful analysis of built-in test structures often
indicates that little. if any, additional checking of this
circuitry is necessary. That is, the test circuitry is
normal |y thoroughly checked when it is used in the testing
process of the CLSIC. Provi si ons nust be nmade, however, to
test error indication circuits via injection of error
condi ti ons. For exanple, to check a parity checker, it may be
necessary to inject a parity error in a data word.

3.6.1 Sinplicity and Reqularity (8.3.1). | C design
styles that favor regularity are those enploying programubl e
logic arrays, read only nenories, random access menories.
bit-slicing, and m croprogranm ng. It is generally desirable
to make the standard cells as large as is feasible within the
constraints inposed by the CLSIC s functional requirenents.
Smal | cells such as those found in gate arrays tend to require
conplex and irregular interconnections which increase the
difficulty of testing.

Enpl oyi ng standard cells which have been previously used,
verified and tested leads to a nore reliable chip.
Architectures supported via mature silicon conpilers and
assenblers are desirable, since they tend to mninize human
design errors, though at the expense of increased silicon
area. Yield and reliability tradeoffs should be eval uated for
each design.

3.6.2 Grcuit Partitioning (8.3.2). Certain conplex
structures are known to be difficult to test and should be
elimnated by appropriate partitioning. A well known exanple
is a long counter chain which can be nmade nore testable by
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breaking it into a set of short counters that can be tested
separately. Several general approaches to circuit partitioning
to inprove testability have been proposed. The COVET technique
devel oped at Bell Laboratories for board-level circuits
partitions the circuit into subcircuits of simlar conplexity
to allow efficient fault detection via a binary search

t echni que. The I BM Sel ective Control technique allows
subcircuits to be systematically enabled and disabled during
testing, while sinultaneously allowng direct injection and
noni toring of test signals. This is simlar to the |evel
sensitive scan design nethod covered in Section 3.6.4.

Crcuits tested via built-in test methods such as syndrone
testing. autononpus testing. or using built-in logic block
observation circuits nust be partitioned so that these

t echni ques can be executed in an efficient manner. The

requi rements of fault tolerance and testability tend to
conflict, since fault tolerance. especially that of the static
maski ng variety such as triple nodular redundancy, is designed
to conceal the effects of faults that testability is intended
to uncover. Redundant circuitry used for fault masking can be
tested by tenporarily disconnecting it during testing. To test
a triple nodular redundancy circuit, for exanple, in which
three copies of a particular unit U are attached to a voter,
control signals should be provided for disabling the outputs of
any two copies of U while the third copy is tested.

3.6.3 Built-in and External Testing (8.3.3). The
avail able testing techniques for digital circuits are discussed
in Section 3.2.2. The nmethods selected for testing a
particular CLSIC depend primarily on its structure and its
fault detection requirenents. Built-in testing has the
advant age over external testing in that the time during which a
fault remains undetected (the error |atency) can be kept

small.  Means nust be provided for controlling the execution of
the built-in test. This may be done via an on-chip test
controller or by the automatic test equipnent. Conpatibility

between the built-in test features and external automatic test
equi prent usually requires that they use test signals having
the sanme electrical and timng characteristics. A nmechani sm
shoul d be provided for allowng the external tester and the
built-in test circuitry to be synchronized. This can be done
either by making the CLSIC s internal clock signal. if any,
available at an external pin, or by permtting the external
tester to disable the on-chip clock and replace it with its own
cl ock signal. Built-in test circuits consunme power if
continuously energized, 60 design consideration should also be
given to selectively enabling those circuits.

3.6.4 Test and Control Point Allocation (8.3.4).
Appropriate sites for test and control points include the
fol | ow ng: menory elenments determning the circuit’s nmajor
control state, nmmjor signal trag;%%r pat hs such as busses,
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deeply buried conponent, subcircuits of very high fan-out or
fan-in. on-chip clocks, feedback paths, and redundant
subcircuits. Less obvious |locations can be identified by

anal yzing the circuit with a program |ike SCOAP, which assigns
nunbers denoting relative observability and controllability to
every line in the circuit (see Section 3.4). A method has been
devel oped that can be used to automatically identify control
and test points. In this nmethod, the conputation of
testability neasures |ike those conputed by SCOAP are

fornmul ated as an integer |inear programmng problem and
control and test point |ocations are found which mnimze an
obj ective function which is related to testability. If a
circuit is unstructured. the nunber of test and control points
needed nmay exceed the nunber of test pins or pads permtted by
the |1 C technol ogy and packagi ng nmet hod used. In that case, it
may be possible to connect all or sone of the test and control
point sites to a small tinme-shared bus which is nade externally
accessi bl e. A mul tiplexer can also be used to scan the test
points sequentially. A structured design nmethod |ike |evel
sensitive scan design or SCAN SET solves the test and control
point problem while sinultaneously sinplifying the test
generation problem The basic idea is to design a logic
circuit so that. during testing, all its nmenory el enents can be
linked together to forma shift register S. The rest of the
circuit then constitutes a large conbinational circuit C

Input test data are shifted serially into S (scan in), and the
resulting responses are shifted serially out of S (scan out).

A control line is required to switch the circuit fromnormal to
test node. One of the two additional lines (which nmay be
functional lines of the circuit) is needed to access S. The

scan-in/scan-out technique provides al nost conplete
controllability and observability using the m ni mum nunber of
test points and is now widely used in the conputer industry.
Its main disadvantage is the slow scan-in/scan-out process

whi ch nmakes testing slow if the nunber of nmenory elenents or

t he nunber of test vectors is large. Also, sone fault npdes,
such as delay faults, may not be detected because of the slow
scan-in/scan-out process. This technique is generally suited
to circuits of noderate conplexity (no nore than a few hundred
flip-flops). It is unsuitable for circuits containing |arge
random access or read only menories.

3.6.5 Test Menory Allocation (8.3.5). Built-in test
generation algorithns and preconputed test data should be
stored in programmable read only menories. These programuabl e
read only menories may form part of the instruction-level main
menory or the mcroinstruction-level control nenory. \ere
m croprogrammng is enployed, the use of control nenory as a
test menory is recommended, since it allows greater fault
coverage and reduces error |atency.
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3.6.6 Self-Checking Circuits (8.3.6). Acircuit is self
checking if its output signals are encoded in sone error-

detecting code format. Nor mal out puts correspond to codewords;
faults are indicated by the appearance of a noncodeword at the
circuit’s output. Typically, special encoding circuits are

included in a self-checking circuit to encode its output
si gnal s. Decoding circuits (checkers) are needed to nonitor
the outputs in order to detect errors. Many codi ng schenes
i nvol ve appending extra bits (check bits) to the ordinary

outputs (information bits) of the circuit. Most are used in
circuits that transmt or store data with little or no
processing, e.dg., busses and random access nenori es. Par al | el

data sources are typically checked using parity-check codes.
e.g., Hamm ng codes, while serial data sources are typically
checked by cyclic codes. Many special purpose codes are also
known, e.g., residue codes which can be used to nmake certain
types of arithnetic circuits self checking. The wi dely used
codi ng techni ques have the property that the encoding and
decoding circuitry required to nmake a circuit self checking
constitutes a relatively small part (e.g., 10 to 20 percent) of
the total circuit size or chip area. Practical coding nethods
with this property are not known for conplex or unstructured
circuits such as control read only nmenories or general purpose
(mcro-) processors. These circuits can be nade self checking
via duplication. Error detection is then perforned by a match
circuit that conpares each duplicated pair (xj. x'j) of

out put signal s. The normal values assumed by (xj., x'j) are
(0,0) and (1,1): the faulty values are (0,1) and (1,0), so that
(xi, x'3) defines a one-out-of-two code. Methods of making
code checkers self checking are known for nost commonly used
codes, including mout-of-n codes.

3.6.7 lnitialization (8.3.7). In circuits with a snal
nunber of registers or flip-flops. initialization is best
achi eved by connecting themall to a common reset |ine which.
when activated, sets every flip-flop to a predeterm ned state.
Each individual storage elenent may be supplied with an
(asynchronous) preset or preclear line to which the reset line
can be connected. The reset line should be controllable by the
internal or external test circuitry, so that it can be directly
activated at the start of any testing period. It is usually
not feasible to supply random access nenories, stacks, and
simlar storage circuits with a single reset signal. In such
cases, the registers controlling these circuits, e.g., the
correspondi ng address register, should be reset. I n general
all registers and flip-flops defining a circuit’s mgjor control
state nust be initializable Note that a |evel sensitive scan
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design circuit is inherently initializable to any desired
state. Wen fault analysis, sinulation, and test generation
are conducted. faults in the reset circuitry should be
consi der ed.

3.6.8 Interfacing To External Test Equipnment (8.3.8).
The functional, electrical, and nmechanical interfaces of the
CLSI C nust be conpatible with those of the automatic test
equi pnrent used to test it. The autommtic test equi pnent
interface specification nmay be determ ned from the
manufacturer’s literature. The major functiona
characteristics of interest are the automatic test equipnent’s
fault coverage, fault resolution, and testing tine, which nust
nmeet the testability specifications of the CLSIC The
automatic test equipnent’s conpatibility with the CLSIC s
built-in test features nust al so be consi dered. In particular,
the automatic test equipnent nust be able to synchronize with
the built-in test circuitry or, if necessary, disable the
built-in test circuitry (see 3.6.3 in this appendix). The
electrical interface factors to be considered include signal
voltage levels, current sourcing and sinking limts, mninmm
pul se widths. and maxi mum cl ock rates. Mechani cal
consi derations include the nunber, size, and location of the
test probes connected to the CLSIC by the automatic test
equi pment .

3.6.9 Error Detection (8.3.9). Error indications
produced by built-in test features nust be communicated to the
next higher level of on-chip or off-chip control. In a
processor-based design, errors detected by circuits outside the
controlling processor are comunicated to it via interrupt
request . Errors detected within the processor itself.
especially software errors such as a divide by zero attenpt,
are terned traps rather than interrupts. Both traps and
interrupts are handl ed by the processor tenporarily suspending
its current task and switching to an error-handling procedure.
If rapid error response is required to prevent |oss of
information, the corresponding trap or interrupt request should
be nonmaskable, and the error-handling routine should be
noni nt er r upt abl e. Wien many different trap or interrupt
sources exist requiring different error-handling procedures.
vectored interrupt control should be used, where the trap or
interrupt source provides imediate identification of the error
type to be processed. An exanple of a nodern m croprocessor
wth well designed interrupt and trap facilities is the
Mot or ol a 68000.
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3.7 BULT-IN TEST DESIGN (8.5)

The factors influencing the choice of the built-in test
features to be used are discussed in Sections 3.5 and 3. 6.

3.7.1 Functional Design (8.5.1). In designing a CLSIC
chip to be testable, built-in test hardware as well as enbedded
firmvare and software is often enployed. The built-in test
hardware is used for several purposes, such as to generate test
data, to conpact and process response data, to inprove
controllability and observability, to control the on-chip
testing process. and to store and execute m crodi agnostic test
procedur es. When used to process response data, failure
Indicator circuits are necessary. As the conplexity of the
built-in test hardware increases, then consideration as to its
testing nust al so be addressed. Oten, built-in test hardware
is highly functional and can be tested as such. Also, much of
this hardware is thoroughly tested while used in the testing of
the CLSIC itself.

To reduce design tine, elimnate design errors. and
sinmplify the entire process of test generation and test
anal ysis, standard built-in test features should be enpl oyed
where applicable, such as counters, shift registers, parity
circuits. conparators, and l|inear feedback shift registers for
signature analysis and pattern generation

3.7.2 Menory Allocation (8.5.2). Menory space is required
for the storage and execution of test prograns. The test
prograns and associated data are stored in nonalterable nenory
circuits (read only nenories), while working space needed during
test execution is assigned to read-wite menories. The i npact
of the added nenory on the reliability and testability
requi rements of the CLSIC should be assessed.

M croprograns may be stored in a conventional single-I|eve
control nenory (mcrospore) M. A saving in total nenory size
may be realized by using a two-level control approach in which
the mcrospore control nmenory ML is backed up by a second
control nenory or nanostore control nenory M. Two- | eve
m croprogranmmed control is used in the Mtorola 68000
m cr oprocessor chip.

3.7.3 Word Allocation (8.5.2.1). Menory space nust be
all ocated for the storage of (mcro-) diagnostic prograns that
performtest initialization, fault detection and |ocation. and
error processing and notification. The design and organi zation
of fuch prograns is highly dependent on the circuit architecture
used.
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3.7.4 Bit Alocation (8.5.2.2). The nunber of check bits
that nust be added to data words to inplenent error
correction/error detection coding techniques depends on the code
used and can be found in any coding theory test. In the case of
single-error correcting, double-error detecting, parity check
codes. for exanple, the nunber of check bits C that-nust be
appended to n-bit data words is the smallest integer satisfying
the relation

C 2 logp(n + C + 1)

Hence, if n =32, then C =6, which represents a word-size

over head of 19 percent. Error detection and partial error

| ocation can be obtained with fewer check bits by interleaving
the check bits. For exanpl e, suppose that 32-bit data words are
divided into four 8-bit slices, each of which is checked by a
separate parity check bit, for a total of four check bits. This
all ows detection of all single-bit errors and all nultiple-bit
errors with at nost one erroneous bit in each slice. I ndi vi dual
error bits can be resolved to the slice |evel.

3.7.5 Protection Alocation (8.5.2.3). Critical test
routines are assigned to read only nenories because they are
nonvol atile and, for nost |IC technol ogies, are |ess susceptible
to failure than alterabl e nenories. Critical nenories may be
made self checking by the use of coding techniques, as discussed
in Section 3.7.3. Interl eaved Parity check codes are widely
used for control nmenories with large word size, because they
require relatively few check bits.

3.8 TESTABILITY ANALYSIS (8.6)

At the conpletion of the functional design |evel, nost
design for testability issues should be resol ved. These i ncl ude
how each subcircuit of the CLSIC is to be tested, how
initialization is to be achieved, the type of built-in test
features to be used, and the type and extent to which off-line
test generation and sinulation are to be enpl oyed. Some
decisions may be required at the logic design level, such as
where to place additional control and test points. St andar d
testing approaches should be used for each subcircuit structure
so that fairly accurate predictions can be made at this
functional design level for the testability neasures. For
exanple. using the level sensitive scan design philosophy can
lead to nearly 100 percent fault coverage of the detectable
single stuck-at faults, independent of the |ogic design.

At the logic design level, nore accurate quantitative

values for the required testability measures can be determ ned.
At this level, exact fault coverage for nost fault nobdels can be
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measured via analytical nodels or sinulation techniques.
Performance, area, and reliability neasures can al so be
esti mat ed.

Based upon the value of the neasures obtained, tradeoffs
bet ween test strategi es can be nade. Also, the circuit may
require a nodification in its design or be partitioned
differently for testing. The probability of a faulty chip
passing a test can now be determ ned. If this value is not
acceptable to the contracting agency, then sone nodification to
t he design, manufacturing process. or testing nethodology is
required.

3.9 TESTABILITY (9.1.1)

When conservative design techniques are enployed, the
nunber of faults and the failure rate can be reduced.
Conservative timng tolerances can be used to mnimze the
effect of stray del ays. Conservative signal tolerances can be
used to mnimze the effect of variations in signal |evels
within the CLSIC It is known that sonme fault nobdes, such as
opens and shorts in MOS devices, cannot be nodeled directly via
the classical stuck-at fault nodel. However, nost of these
faults are still detected by tests which detect the stuck-at
faults, i.e., the stuck-at faults dom nate nost other faults.
For those situations where this is not the case. then the
occurrence of such faults can be m nimzed by enploying
appropriate |ayout design rules.

3.10 TESTABILITY ANALYSIS (9.1.2)

Once the physical design of the CLSIC is conpleted, the
following testability neasures can be determ ned: har dwar e
circuit overhead, chip area overhead, software and firmare
overhead, operating performance, fault resolution, and
reliability overhead. The equations for calculating these
nmeasures are given in Section 3.2 of this appendi x.

3.11 TEST VECTOR VERIFICATION (9.1.3)

Once the physical design of a circuit is conplete. a
detailed analysis of all fault nodes is possible. Since the
pl acenment and routing of all circuit elenents and interconnects
are known, |ayout dependent faults such as shorts can now be
identified. Al structures for inplenmenting logical primtives
are now known. This also includes programmable |ogic arrays and
read only nenory characterization data. Fault coverage for
various testing approaches and fault nobdes which were not
determ ned during the testability analysis phase at the |ogic
design |l evel can now be accurately determned via fault
simulation or any other testability evaluation approach which
may be applicabl e. 5 61
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APPENDI X C

SPECI MEN GENERAL SPECI FI CATI ON
FOR
CUSTOM LARGE SCALE | NTEGRATED C RCU TS FOR SPACE VEH CLES

USAGE OF THIS APPENDIX

Procurement of a specific CLSIC for space vehicle
applications is based upon the contractor preparing a

subcontract or a purchase order that would reference the

Tae s < . .
detailed specification for the specific CLSIC. The detailed

specification should address all of the technical
requirements needed to procure the CLSIC. This appendix is
intended to help in the preparation of the detailed
specification by providing a general set of requirements for
CLSIC in the correct book format. Note that many of the

: .
detailed requirements needed for a specific CLSIC are not

included in this specimen general specification. The
additional items that should be included. or considered for
jnclusion. in the detailed specification of a specific CLSIC
are listed in Section 10 of this handbook. By arranging the

detailed specification in the same format as this spec1men

genq:al o?nn1f1n:f1nn the manufacturers and others us1na

the detailed specification can easily recognize the process
controls needed and can determine the total set of
requirements for the specific CLSIC.

Although this handbook is intended for guidance., some
~Aantransrare mav alart tn reference ﬂ1rﬁﬂf]V this snecimen

CUViIlLAQGLVLVA O Gy Caiavvw VWV O AVAVAVTIEVY weas>Tww o =222

general specification in detailed specif1cat1ons for a
specific CLSIC. To accommodate that possibility, and to
assure appropriate compliance by the supplier. the
requirements in this appendix are stated using "shall."
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1. SCOPE

1.1 Purpose. This process control specification sets
forth the general requirenents for the design, manufacture, and
testing of customlarge scale integrated circuits (LSICs). The
requi rements stated in the specification are a conposite of
t hose that have been found to be cost effective for high
reliability space vehicle applications.

1.2 Application. The speci nen general requirenents
covered by this specification are applicable to |large scale
integrated circuit devices intended for very high reliability
applications. This specification is intended for reference in
space vehicle specifications to incorporate the general
requi rement which are common to large scale integrated circuit
devi ces intended for space vehicle applications. Thi s
specification may also be used to specify requirenent for |arge
scale integrated circuit devices to be used on |aunch vehicles.
mssiles, or other vehicles requiring very high reliability
devi ces. For those applications, the term “space vehicle” is to
be interpreted as the applicable vehicle or equipnent.

Thi s speci nen general specification is also intended for
reference in requirenent docunents used for procuring specific
LSICs to incorporate general requirenents that may be

applicabl e. The requirenent docunent for procuring a specific
LSIC is identified herein as a detail ed specification, although
it could be a specification control drawi ng, or a source control
drawi ng, rather than a detailed specification.

Thi s speci nen general specification nmay also be referenced in
detail ed specifications for any conplex mcrocircuit device in
order to incorporate applicable requirenents. In that case,
LSICis to be interpreted as the item or device covered by the
det ai |l ed specification.
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2. APPLICABLE DOCUMENTS

2.1 lssues O Docunents. The followi ng docunents of the
issue in effect on the date of invitation for bids or request
for proposal, forma part of this specification to the extent
speci fied herein.

SPECI FI CATI ONS

Mlitary
M L- M 55565 M crocircuits Packagi ng of
STANDARDS
Feder al
FED- STD- 209 Cl ean Room and Wrk Station Requirenent,
Controll ed Environment
Mlitary
M L- STD- 129 Mar ki ng for Shipnent and Storage
M L- STD- 883 Test Methods and Procedures for
M croel ectronics
HANDBOCOKS

DCD- HDBK- 263 El ectrostatic Di scharge Control Handbook for
Protection of Electrical and Electronic
Parts, Assenblies and Equi pnent

(Copi es of specifications, standards, draw ngs, and publications
required by contractors in connection with specific procurenent
functions should be obtained from the contracting office or as

directed by the contracting officer.)
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3. REQUI RENENTS

3.1 Flight Accreditation. LSI Cs furnished under this
specification. or under associated detail ed specifications.
shall be flight accredited. LSICs are flight accredited if the
LSICs satisfy all of the follow ng conditions or the conditions
have been waived by the contracting officer:

a. The design baseline and manufacturing baseline
processes used for the LSICs have been audited by
t he assigned audit teans and have been approved
by the contracting officer (see 4.3).

b. The LSICs have passed the specified product
eval uation tests (see 4.4).

C. The LSI Cs have passed the Specified post-assenbly
screening tests (see 4.5).

d. The LSICs are froma production |ot that passed
the specified | ot conformance tests (see 4.6).

e. The LSICs have been transported, handl ed, and
stored within the specified nonoperationa
environnmental limts.

f. No unresol ved generic failures have been
identified in devices using simlar designs or
manuf act uri ng processes that would jeopardize the
high reliability prediction for the LSIC

3.2 Oder of Precedence. In the event of conflict between
t he docunents referenced herein and the contents of this
specification, the contents of this specification shall be
consi dered the superseding requirenents.

3.3 Mnuf act uri ng. Al'l manufacturing and assenbly

processes required by this specification shall be acconplished
within the United States and its territories.

3.3.1 Processes and Controls. The manufacturing of LSICs
shal | be acconplished in accordance with docunented procedures
and process controls. These manufacturing processes and
controls shall provide a manufacturer controlled baseline that
assures subsequent production itens can be manufactured that are
equi val ent in performance, radiation hardness, quality, and
reliability to initial production itens. These process controls
shal |l be docunented to give visibility to the procedures and
specifications by which all processes, operations, inspections,
and tests are to be acconplished by the manufacturer. Thi s

C4
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internal manufacturer docunentation shall include the name of
each part or conponent, each material required, the point it
enters the manufacturing flow, and the controlling specification
or drawing. The docunentation shall indicate required tooling.
facilities, and test equipnent; the manufacturing check points;
the quality assurance verification points; and the verification
procedures corresponding, to each applicable process, or materia
l'isted. The specifications, procedures, draw ngs, and
supporting docunentation shall reflect the specific revisions in
effect at the tine the LSICs are produced. Wen approved by the
audit team or the contracting officer, these flow charts and the
ref erenced specifications, procedures, draw ngs, and supporting
docunent ati on becone the manufacturing baseline for process
control and shall be retained by the manufacturer for

ref erence. It is recognized that nmany factors may warrant
maki ng changes to this docunented baseline; however, all changes
to the baseline processes used, or the baseline docunents used,
shall be recorded by the manufacturer follow ng the production
of the first lot. These changes provide the basis for flight
accreditation of subsequent production lots, so the changes
shoul d be approved by the contracting officer or his designated
representative prior to inplenentation

3.3.2 Production Lots. LSICs and their subel ements shal
be grouped together in individual lots during the various stages
of manufacturing to assure that all LSICs in a production |ot
are fabricated and assenbled during the sanme tine period using
the sanme production nmaterials, equipnent, nethods, personnel
and controls. The wafers that are processed as a group shall be
identified as a wafer |ot. Each wafer |ot shall be assigned a
uni que wafer | ot nunber. Chips froma single wafer |ot may be
assenbled into one or nore production |ots. A production | ot
shal |l not be assenbled using chips from nore than four wafer
| ot s. In some LSICs, where the radiation response to one or
nore specified radiation environments is known to be largely
variable from one wafer to the next within a diffusion lot, the
production lot shall be controlled to provide traceability to
the devices fabricated from a single wafer. Each production | ot
shall be identified by a unique |ot date code. A serial nunber
shal |l be assigned to each LSIC in each production lot at an
appropriate point in the manufacturing flow The serial nunber
shoul d be assigned such that each device is traceable to the
i ndividual wafer. As a mininmum the serial nunber shall be
traceable to the wafer |ot and shall be assigned prior to
post - assenbly screening tests.
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3.3.2.1 Lot Date Code. The | ot date code is a nunber that
i ndi cates the year, cal endar week, and sequence letter
i ndi cative of the manufacturing period. The first two digits in
the | ot nunmber shall be the last two digits in the nunber of the
year, and the third and fourth digits shall indicate the
cal ender week of the year. When the nunber of the week is a
single digit, it shall be preceded by a zero. Wen nore than
one lot of a type are manufactured within the sane week, a |ot
suffix letter shall be added at the end of the |ot date code
nunber for the second and subsequent lots to indicate the
manuf act uri ng sequence for the various lots that were
manuf actured during that week. The cal endar week shall indicate
either the first week or the |last week of the period during
whi ch the devices were seal ed.

3.3.2.2 Production Lot Traceability. The manufacturer’s
records shall identify, for each production |ot of finished
product, the following itenms as a m ni num

a. The part nunber (or detailed specification
nunber), the lot date code, and the seria
nunbers of all LSICs in the |ot

b. The date of conpletion of |ot conformance tests
(i f applicable)

C. The post-assenbly screening and | ot conformance
tests perforned on the lot, and summaries of the
test results for each device (or the read and
record data if it is required by the tests)

d. Traceability data of each device to its wafer |ot
or preferably to an individual wafer

e. The pertinent specifications or control draw ngs
under which inspections were perforned

f. The identification, revision letter. and date of
the manufacturing baseline used for the lot. A
| ot traveler containing the process history
referenced to the process docunentation may be
used to establish the manufacturing baseline.

9. Fi nal disposition of the lot (w thdrawn, not
accepted, accepted)

3.3.2.3 Lot Travelers. The manufacturer shall nmaintain
ot travelers to docunent the conpletion of each required
processing step from wafer diffusion through LSIC post-assenbly
screening tests. Traveler(s) shall provide for the follow ng

G 6
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i nformation: dates, operations perforned, operator’s nane or
identification, and quantity of parts into and out of each
operati on. The lot traveler(s) shall acconpany the |ot through
assenbly and testing.

3.3.3 Fabrication and Handling.

3.3.3.1 Protection Against Electrostatic Discharge. LSICs
shall be protected from el ectrostatic discharge by utilizing
appropriate procedures and guidance information contained in
DOD- HDBK- 263.

3.3.3.2 In-process Handling and Storage. I n-process
handl ing and storage shall be in accordance w th docunented
procedures that prevent LSIC degradation or danage. Chips, LSIC
subassenblies, and LSICs shall be transported and stored in
conductive carriers or containers that provide physica
protection. As a mninmum the handling and storage procedures
shal | provide for

a. The control of environnments including
tenperature, humdity, contam nation, and pressure

b. Measures to segregate discrepant devices from
accepted devices

C. The use of protective cushioning and containers
during transportation and storage

d. Control neasures to limt access of personnel to
LSI Cs which have been inspected and stored

e. Provisions to prevent contact with LSICs by bare
hands during handling, inspection, and tests

f. Provisions for protection from danmage by
el ectrostatic discharge in accordance with the
information in DOD HDBK-263. For exanple, all
external leads of the LSIC or subassenblies
shoul d be shorted together. Al so, bonders.
pellet pickup tools, table tops, trimand form
tools, sealing equipnent, and other equi pnent
used in chip or LSIC handling should be properly
grounded.

3.3.3.3 FEacility deanliness. LSICs shall be fabricated
in clean areas with dust control provisions. Chemcal vapors
shall be vented outside the fabrication areas away from any
inlet duct. Critical wafer fabrication processes such as
maski ng, diffusion, and photolithography shall be acconplished
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in clean room areas where the dust |levels do not exceed the
requi rements of FED- STD-209, dass 100. Al assenbly operations
up to and including final sealing shall be acconplished in clean
room areas where the dust |evels do not exceed the requirenents
of FED- STD-209, Cass 10,000. and shall have |am nar flow
benches at die attach. wire bond. and precap inspection. The
dust levels at the work space of the lam nar flow benches shall
not exceed the requirenents of FED STD 209, d ass 100.

Manuf acturing and test operations. subsequent to final sealing.
may be acconplished in a normal noncontrolled environnent.

3.3.3.4 Certified Operators and Production lnspectors.
Al'l critical processes and all production inspections shall be
perforned by personnel who have been certified by the
manuf acturer to perform their assigned task in accordance with
t he applicabl e i n—-house standards. The manufacturer’s in-house
standards, including certification procedures, shall be
docunented and avail able for review For certification
purposes. the critical processes are: oxi dation. diffusion,
i npl antation, chem cal vapor disposition, netallization, die

nmount, internal wre bonding, internal preseal visual
exam nation (pre-cap), sealing, radiographic exam nation, and
testing. Production inspections are those that are conducted by

personnel assigned to the production department (as _
di stingui shed from quality assurance departnent inspections).

The certification of these personnel shall include a forma
training and testing procedure to assure the proficiency of each
i ndi vi dual . Records shall be maintained for each individual to

indicate the type and date of training received and to docunent
their perfornance.

Recertification of personnel shall be performed annually to
assure a continuously high |evel of comnpetence. Per sonnel who
fail to nmeet the requirenents of certification or
recertification, or whose nmanufacturing performance indicates
poor proficiency. shall be renoved fromthe production of LSICs.

3.3.4 Device deanliness. The particul ate cleanliness
shall be nmaintained such that there are no conductive foreign
particles. attached or not, on the surface of the die or within
t he package or on the Iid or cap that are |arge enough in any
di nension to bridge the narrowest ungl assivated operating mnetal
spaci ng, wire spacing, or biased unpassivated die area spacing
or any conbination thereof. Also, no particle shall be |arger
than 3 roils in any dinmension even if otherw se nmeeting the
foregoing criteria. Silicon chips and silicon-gold eutectic
slag shall be considered as conductive foreign particles. Laser
scribing shall not be used on silicon wafers. Ext ernal surfaces
shal | be visibly clean.
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3.3.5 | ndependent Mbnitoring. Facilities and inspection
stations shall be provided in the manufacturing area for the
surveillance and nonitoring of critical operations by
representatives of the contracting officer or by an independent
noni toring organi zation approved by the contracting officer.

3.3.6. Rewor K. Rework is not allowed on wafer
nmetal lization. oxidation, or passivation. Phot oresi st rework is
permtted. No delidding or package opening for rework shall be
permtted. Al l owabl e rework of seal ed packages i ncludes
recleaning of the LSIC or portion thereof, rebranding to correct
defective marking, and |ead straightening (provided the reworked
devices neet the requirenent conditions of |eads), unless
ot herw se specified. Nonconform ng units that are reworked or
refurbi shed so they can be used in ground tests shall be clearly
identified as “NOT FOR FLI GHT" (see 3.8.3).

3.3.7 Craftsmanship. LSI Cs shall be manufact ured,
processed, tested, and handled such that the finished itens are
of sufficient quality to ensure reliable operation, safety, and
service life. The LSICs shall be free of defects that would
interfere with operational use such as excessive scratches,
ni cks, burrs, |oose material, contam nation. and corrosion.

3.4 Ceneral Design Requirenents. The general design shal
be in accordance with docunented design rules and design tools
reviewed by the assigned design audit team and approved by the
contracting officer. The LSIC design shall incorporate test
points and self-test features to the extent practicable. The
goal shall be to incorporate test capabilities to make the LSIC
fully testable. The wafer layout shall also incorporate
rel evant test features, test structures, and test chips to aid
in evaluating and controlling the manufacturing processes.

3.4.1 Standard Cells. \Were practicable, the LSIC shal
use standard cells organized in sinple regular patterns rather
than randomy structured circuitry or nonstandard cells.

3.4.2 Crcuit Partitioning. The LSIC shall be partitioned
into subcircuits or groups of cells to nmaximze the testability
and to mnimze the pin count of the package. Were
practicable, independent testing provisions shall be provided
for redundant circuitry.

3.4.3 Test Features. To the extent practicable, test
features shall be incorporated on the wafer and in the design of
the chip to allow nonitoring of critical paraneters and
per f or mance nmargins. Critical paraneters include sheet
resistance, linewidth uniformty, photomask alignnment. contact
resistance, mnority carrier lifetime, |eakage current, and
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random fault density. The test features may include probe pads,
data paths, internally generated test signals, interna
nmonitoring circuits, and other types of test structure. Extra
probe pads shall be provided where practicable to all ow
confirmati on of probe-to-pad continuity. Modul ar t est
structures, such as those devel oped by The National Bureau of
Standards, having integral probe pads arranged in a standardized
configuration shall be used, where practicable. Reliance on the
post -assenbly screening tests to detect discrepant devices shal
be reduced to the extent practicable by the use of design
features and test structures that can be used for in-process
controls, inspections. or tests.

3.4.4 LSIC Testability. To the extent practicable, the
LSIC shall be designed with self-test features that can verify
functional performance or identify any failures including any
intermttent failures. LSI C functions that do not have
self-test features shall have data paths to external pins to
acconmodate the injection of test signals and the nonitoring of
t he device response so performance can be neasured and i nternal
faul ts detected.

3.4.5 Test Structures. Test structures consisting of
applicable integrated circuit elements shall be designed and
included in appropriate |ocations on each production wafer to
provide critical data for the control of the fabrication
processes.

3.4.6 Test Chips. Test chips shall be substituted as a
test surrogate for a production LSIC at one or nore selected
sites on each production wafer. The test chips shall be an
assenbl age of the LSIC circuit elenments and the test structures
selected to nmonitor the fabrication processes. A m ni mum of
five test chips per wafer |ot shall be assenbled into packages
anF iantified as the Test Chip Evaluation Sanples for that
waf er |ot.

3.4.7 Selection of Parts, Materials, and Processes.
Unl ess otherwi se specified in the contract, the parts,
materials, and processes shall be selected and controlled in
accordance with contractor established and docunented procedures
to satisfy the specified requirements. The sel ection and
control procedures shall enphasize quality and reliability to
neet the requirenents. The parts, materials, and processes
sel ected shall be of sufficient proven quality to allow the
LSICs to neet the functional performance, reliability, and
strength as required during the anticipated life cycle.
including all environnmental degradation effects. Care shall be
exercised in the selection of materials and processes to avoid
the generation and entraprment of |oose particles or
contam nation that could cause failures in a space environnent.
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Parts, materials, and processes shall be selected to ensure that
any damage or deterioration from the space environment or the
outgassing effects in the space environnent, would not reduce
the performance of the LSIC beyond the specified limts.

3.5 Detailed Design Requirenents.
3.5.1 Die.

3.5.1.1 |Internal Conductors. Internal thin film
conductors on silicon die or substrate (netallization stripes,
contact areas, bonding interfaces, etc.) shall be designed so
that no properly fabricated conductor shall experience in nornmnal
operation (at worst case specified operating conditions) a
current density in excess of the maxi mum all owabl e val ue shown
in Table C I for the applicable conductor materi al

The current density shall be calculated at the point(s) of

maxi mum current density (i.e., greatest current per unit cross
section) for the specific device type and schematic or
configuration. The current density calculation shall

a. Use a current value equal to the maxi mum
continuous current (at full fanout for digitals
or at maximum load for linears) or equal to the
sinple tine-averaged current obtained at naxi num
rated frequency and duty cycle w th maxi num | oad.
whi chever results in the greater current value at
the point(s) of maxi num current density. Thi s
current value shall be determ ned at the maxi num
al l oned supply voltage(s) and with the current
assunmed to be uniform over the entire conductor
cross-sectional area.

b. Use the mninmum all owed netal thickness per
manuf acturing specifications and controls. This
m ni mum shall include the netal thinning which
occurs at steps on the surface or at any other
| ocati ons.

C. Use the m nimum conductor w dths (not mask
wi dt hs) including appropriate allowance for
narrow ng or undercutting experienced in neta
et chi ng.

d. Not include areas of barrier netals and

nonconducting material in the calculation of
conductor cross section.
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3.5.1.2 Metallization. The mninmum netallization
t hi ckness shall be 0.8 mcronmeter for single |level netal and for
the top level of multilevel netal. Except for test structures,
there shall be no netallization in the streets between dice.
TABLE CI. Allowable Current Density.
MAXIMUM ALLOWABLE
CONDUCTOR MATERIAL CURRENT DENSITY
(amperes per sq. Cm)
Aluminum (99.99 percent pure 1 x 105
or doped) without glassivation
Aluminum (99.99 percent pure 2 x 10°
or doped) glassivated
Gold 6 x 10°
All others (unless otherwise 2 x 109

specified)

3.5.1.3 |nput Protection. I nput protection circuits to
prevent device failure due to electrostatic discharge shall be
used on each input |ead except where speed degradation due to
i nput protection would cause the circuits to be unacceptably
sl ow.

3.5.1.4 Pad Si ze. The netallization pad, exposed through
the glassivation layer, shall be a mninmmof 0.003 X 0.003 inch
(0.0076 X 0.0076 cm.

3.5.1.5 Pad Spacing. The m ni mum spaci ng between exposed
pad netallization to other exposed pad netallization shall be
0. 003 inch (0.0076 cn.

3.5.1.6 Passivation. The di stance between the edge of the
surface passivation and the cut edge of the die (after dicing)
shall be a maxi mum of 0.001 inch (0.0025 cn). The surface
passivation shall extend to a mninum of 0.002 inch (0.0051 cm
beyond the edges of the netallization pads.

3.5.2 De Munt. A netallurgical die nount shall be
enpl oyed.
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3.53 |Internal Wre Size and Material. The internal |ead
wire shall be of the sanme netal conposition (x5 percent) as the
die pad netallization. The internal wire dianeter shall be
0.001 inch, mnimm (0.025 nm. Internal |ead wires or other
conductors which are not in thermal contact Wth a substrate
along their entire length (such as wire or ribbon conductors)
shal |l be designed to experience, at maxinum rated current, a
continuous current for direct current, or an RVS current for
alternating or pulsed current, not to exceed the val ues
established by the follow ng relationship:

wher e: | = maximum all owed current in anperes

d = dianmeter in inches for round wire (or equivalent
round wire dianmeter which would provide the sane
cross-sectional area for other than round wire
i nternal conductor)

K= a constant taken from Table C 11 for the
applicable wire or conductor length and
conposition used in the device

TABLE C-1I1. K Val ues
“K" VALUES FOR "K" VALUE FOR
WIRE BOND-TO-BOND LENGTH TOTAL CONDUCTOR LENGTH
COMPOSITION EQUAL OR LESS THAN GREATER THAN
0.040 inch (0.10 cm) 0.040 inch (0.10 cm)

Aluminum 22,000 15,200
Gold 30,000 20,500
Copper 30,000 20,500
Silver 15,000 10,500
All other 9,000 6,300
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3.5.4 Package

3.5.4.1 Package Materials. Devi ces shall be hernetically
sealed in cases of glass, netal, ceramc, or conbinations
t her eof . The package materials shall be corrosion resistant or
suitably treated to resist corrosion when subjected to the
speci fied environments.

3.5.4.2 Sealing. LSICs shall be sealed using only
metal lurgical sealing to ensure protection from externa
environments and to contain internal gases. Pl astic cases are

prohi bi t ed. The maxi num | eak rate using helium shall be |ess
than 0.01 atnospheric cubic mllinmeters per second when
subjected to a pressure differential of 101.3 + 10

ki | opascal s. The internal noisture content of the packages
subsequent to sealing shall not exceed 3000 ppm at 100 deg C
The sealing of all LSICs in a single production Iot shall be
acconplished in a tinmely manner, and in no case shall it extend
| onger than six weeks.

3.6 Performance Requirenents. The supply power and
performance requirenents shall be as specified in the detailed
specification.

3.7 Environnental Design Requirenents. The LSIC shall be
designed to function as specified when exposed to environnental

levels within the range of levels specified. O within the
range expected during its service |life. whichever is nore
severe

3.7.1 Nonoperational Environnents. LSICs shall be
designed to function within perfornmance specifications after

exposure to environnmental |evels that exceed the extrenes of

t he predicted nonoperational environnments specified. The LSICs
shal |l al so be capable of functioning within specifications
after exposure to the environnments generated during device
nmounting and | ead term nation.

3.7.1.1 Tenperature. The LSIC shall be capabl e of
sustaining thermal environnments that are between -65 deg C and
+150 deg C

3.7.1.2 Hum dity. The LSIC shall be capabl e of
sustai ni ng exposures up to 12 hours to noderately hum d or
mldly corrosive environnments, such as industrial environnents
or sea coast fog, wthout generating destructive corrosion.
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Destructive corrosion shall be construed as being any type of
corrosion which interferes with neeting the specified
performance and intended application of the LSIC or its
associ ated parts.

3.7.1.3 Pressure. The LSIC shall be capable of operating
in environnents which range from a pressure of 200 kil opascals
to pressures that are |less than 133 m cropascals. The LSIC
shal |l also operate satisfactorily when the pressure varies from
one extrene to the other extreme in one mnute.

3.7.1.4 Shock. The LSIC shall be designed to operate
satisfactorily when exposed to five nmechanical shocks of 1500 g
peak, sequentially applied in 0.0005-second pulses in any
di rection.

3.7.1.5 Acceleration. The LSIC shall be capable of
sustai ning steady acceleration of up to 30,000 g applied in
any direction for one mllisecond.

3.7.2 perational Envi r onnent s. The LSIC shall be

designed to function within performance specifications when
exposed in the operational configuration to environnenta

levels within the maxi num predi cted range of environnents
specified, or within the range of operational environnents,

whi chever is nore severe. The operational environnment include
tenperature and radiation.

3.7.2.1 Tenperature. The LSICs shall operate at any
tenperature within their thermal design range. Unl ess
otherw se specified, the thermal design range, neasured at the
mounting surface of the case, shall not be [ess than from -55
deg Cto +125 deg C In addition, the LSIC shall operate
satisfactorily while exposed to 100 thermal cycles where the
tenperature varies at a rate of at |least 3 deg C per mnute
from one extrene of the thermal design range to the other.

3.7.2.2 Radiation. The LSIC shall neet the radiation
requi rements specified in the detailed specification

3.8 Marking.

3.8.1 ldentification. A unique identification shall be
marked directly on each LSIC The marking shall utilize
suitable letter size and contrasting colors. contracting
surface finishes, or other techniques to provide identification
that is readily |egible. The mar ki ng shall be capabl e of
wi t hst andi ng cl eaning procedures and environnental exposures
anticipated during the service life of the LSIC without

C 15



Downloaded from http://www.everyspec.com

M L- HDBK- 339 ( USAF)
APPENDI X C
31 JULY 1984

becoming illegible. \Were practicable, identification shall be
in locations which permt observation of the marking at the
next higher level of assenbly The identification nmarking
should contain, as a mninum the follow ng:

a. Ref erence to this specification nunber

b. Contractor part nunber

C. Devi ce type or manufacturer’s part nunber

d. Production | ot date code

e. Devi ce serial nunber

f. Manuf acturer (or manufacturer identification)

_ Wiere practicable, the marking should also indicate the
i nput vol tage, the naxi num operating tenperature, and
appl i cabl e radi ati on hardness.

When size limtations. cost, or other considerations
preclude marking all applicable information on an LSIC, the
marking may sinply provide a reference key to a data card that
woul d acconpany the devi ce.

The marking of any two or nore LSICs intended for space
applications with the sane identification (except for |lot date
code and serial nunber) shall indicate that they nay be capable
of being changed, one for another, without alteration of the
LSI Cs thensel ves or of adjoining conponents, if the LSICs also
neet the specified flight accreditation requirenments (see 3.1).

3.8.2 |Index Point. An index point, tab. or mark that is
visible after nounting shall be provided to indicate the
starting point for nunbering |eads and for nechani cal
orientation.

3.8.3 “NOT FOR FLIGHT” Marking. LSI Cs whi ch b¥ intent or
by material disposition are not suitable for use in flight, and
whi ch could be accidently substituted for flight or flight
spare hardware, shall be red tagged or striped with red paint

or both, to prevent such substitution. The red tag shall be
conspi cuous and marked “NOT FOR FLIGHT.” The red paint shal

be material conpatible and the stripes unm stakabl e.
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3.9 Operability

3.9.1 Reliability. The reliability goal for successful
operation of each LSIC shall be at least 0.999 at 95 percent
confi dence. If a higher reliability is required by a program

the higher figures shall be specified in the detailed
speci fication.

3.9.2 Service Llife. LSI Cs shall be designed for a
service life of 20 years, where practicable. The service life
starts with the conpletion of assenbly as indicated by the date
code included in the ot nunber and ends with the |ast
operational usage for units from that production |ot.

3.9.3 Storage. Flight accredited LSICs awaiting shipnment
or use shall be stored in |ocked storeroons in sealed
packages. Only antistatic wapping nmaterial shall be used.
St ocki ng procedures, packaging, and |abeling shall be designed
to mnimze handling and possible handling damage during
i nventory or stock renoval

4. QUALITY ASSURANCE PROVI SI ONS

4.1 Reponsibility for Inspections and Tests. Unl ess
ot herwi se specified in the contract or purchase order, the
manuf acturer is responsible for the performance of all
i nspection and test requirenents as specified herein. Except
as otherwi se specified in the contract or order, the
manuf acturer may use his own or any other facilities suitable
for the performance of the inspection and test requirenents
speci fied herein. unless disapproved by the government. The
governnent reserves the right to perform any of the inspections
set forth in the specification where such inspections are
deenmed necessary to assure that supplies and services conform
to prescribed requirenents.

4.2 (dassification of Inspections and Tests. The tests
and inspections specified herein are classified as foll ows:

a. Parts, materials, and process controls (4.3)
b. Product evaluation tests (4.4)

C. Post - assenbly screening tests (4.5)

d. Lot conformance tests (4.6)

e. Qualification tests (4.7)
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4.3 Parts, Mterials, and Process Controls. The
contractor shall verify that the LSIC design was acconplished
using the design baseline (i.e., the design, design tools,
design rules, and processes) approved for the device type
either by the contracting officer or by an approved design
audit team The contractor shall verify that the manufacturing
baseline (i.e., the manufacturing facility, test facilities.
manuf act uri ng equi pnent, tooling, baseline processes, test
equi pnent, and controls) used for manufacturing the LSICs have
been approved either by the contracting officer or by an
approved manufacturing audit team The part controls, material
controls, and process controls are to be perforned to the
basel i ne requirenents on each production lot to ensure that
reliable LSICs are fabricated. Al nmaterials shall be
adequately controlled and inspected prior to assenbly. Duri ng
fabrication, the tools and processes, as well as parts and
materials, shall be adequately controlled and inspected to
assure conpliance with the approved manufacturing processes and
controls.

4.3.1 Records. Records docunenting accreditation status
(see 3.1) shall be maintained follow ng assignnent of the |ot
date code to each production lot. The inspection records and

test records shall be maintained by LSIC serial nunber to
provide traceability data for the service Iife of each device
In each production |ot. Traceability of the piece parts used
for each production lot shall be maintained. The conplete
desi gn baseline, manufacturing baseline, and detail ed

manuf acturing records on each production |ot shall be retained
for at |east seven years and shall be available for review
The records shall indicate conpliance with the docunented
manuf acturing baseline, including all relevant test data, and
all rework or nodifications.

4.3.2 lInspector Certification. Al quality assurance
i nspections shall be performed by personnel who have been
certified by the manufacturer to performtheir assigned task in
accordance with the applicable in-house standards. These
i n-house quality assurance standards, including certification
procedures, shall be docunented

The certification of personnel shall include a formal training
and testing procedure to assure the proficiency of each
i ndi vi dual . Personnel satisfactorily conpleting the training

and the required tests shall be given a card, badge, or simlar
obj ective evidence of certification. The date of | ast
certification and the period of effectivity of the
certification shall be indicated on the card or badge. Recor ds
shall be maintained for each individual to indicate the type
and date of training received and to docunent their performance.
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Each individual shall be retested at the end of the designated
certification period for recertification. Personnel failing
certification or recertification, or whose quality assurance
performance indicates poor proficiency, shall be renpoved from
t he inspection of LSIGCs.

4.3.3 Manufacturing Controls. Each production |ot of
LSICs shall be subjected to in-process production screens to
assure conpliance with the established manufacturing baseline
and the specified requirenments. Conpliance with the docunented
process controls, docunented screening requirenents. required
hardware configuration, and general workmanship requirenents
shal | be verified.

4.3.3.1 Wafer Lot Acceptance. LSI Cs submitted for
post -assenbly screening or |ot conformance tests shall be
assenbled from wafer |ots which neet the requirenments of Method
5007. ML-STD-883. The five or nore test chips per wafer |ot
that were assenbled into packages and identified as the Test
Chip Evaluation Sanples for that wafer |ot shall be subjected
to evaluation tests including a life test. Unl ess ot herwi se
specified, the life test shall be in accordance with
M L- STD- 883, Method 1005, Condition D or E, for 500 hours at
150 deg C or for 1000 hours at 125 deg C m ni mum The
alternate renoval -of-bias provisions shall not apply if the
test is run at a tenperature above 125 deg C. The i ndi cat or
paraneters specified in the applicable detailed specification
shall be read and recorded before and after the life test. If
one or nore devices fail, as a result of design or generic
manuf acturing problenms, the entire wafer lot shall be rejected.

4.3.3.2 Equipnent Verification. The manufacturer shal
define and utilize a nmethod to periodically verify the
operational characteristics of the equipnent used during
manuf act uri ng.

4.3.3.2.1 Wre Bonding Michine Tests. Each wire bondi ng
machi ne, when in use, shall have two device or test sanples
taken and destructively tested at the start of production on
each shift, also after any nondestructive test failure, also
after four hours of operation, and also when operators, wre,
or device types are changed. The device or test sanples may be
electrical reject die fromthe sane wafer |ot as the devices
bei ng manuf act ur ed. The destructive wire bond test shall be
conducted on five wires (as a mninmum of each sanple
mcrocircuit in accordance with the requirenments of
M L- STD- 883, Method 2011, Condition D. Pul | strength data
shall be read and recorded. The force required for failure.
t he physical location of the point of failure, and the nature
of the failure shall be recorded. The data shall be plotted to
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show statistical trends and limts for each bondi ng nmachi ne.
Records shall also indicate the action taken when each
out-of-control condition is observed. In the event that any
bond pull fails the test, the wire bonder shall be inactivated
i medi ately and shall not be returned to production until tests
show that satisfactory operation has been established. The
sanples used in the destructive wre bond tests may, in
addition, be used for die shear tests.

4.3.3.2.2 Die Shear Test. At each station that is
perform ng the aire to case attachment operation. one conpleted
sanple, as a mninum shall be tested. in accordance wth
Met hod 2019 of ML-STD-883, at the start of each attachnent
run. This test shall be repeated every two hours during the
run, as a mnimum and at the close of the attachnment run. The
di e-to-case shear test shall also be performed on destructive
wire bond pull sanples used to verify satisfactory operation of
the wire bondi ng nachines and on destructive physical analysis
sanpl es. The criteria for failure of this test shall be the
sane as in Method 2019 of M L-STD 883 except that:

a. Shattered die particles shall remain attached to
75 percent, as a mninmum of the design attach
area (instead of 50 percent).

b. The acceptable mninmum die shear failure force
shall be 50 percent of that shown in Figure
2019-4 of Method 2019.

In the event that a unit fails to nmeet these criteria. those
units which were assenbled since the last satisfactory test
shall be rejected.

4.3.3.3 Package Lot Control. Materials for use in
packages shall be separated into |ots not exceeding 1500
packages per lot. They shall be subjected to 100 percent
vi sual exam nation and to sanple nechanical and nensuration
tests. Each | ead of each package shall be electrically tested
at a mnimm of 500 Vdc, and the current (|eakage) to the case
or any other lead shall not exceed 0.1 m croanpere.

4.3.3.4 Contamination Mbnitoring. Al gases, fluids, and
critical materials used in the manufacture of LSICs shall be
nonitored for contami nation |levels on a periodic basis. The
test sensitivity and frequency shall be such that any trend
towards an out-of-tolerance condition can be corrected in a
tinely manner. Particulate | evels shall be determ ned for all
assenbly areas on a daily basis.
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4.3.3.5 Nondestructive Bond Pull Test. Each bond in each
LSIC shall be subjected to a nondestructive bond pull test
prefornmed in accordance with ML-STD-883, Mthod 2023. The
total nunber of failed wires and the total nunber of devices
failed shall be recorded. The I ot shall have a percent
defective allowable (PDA) of 2 percent based on the nunber of
wires pulled in a specified |ot.

4.3.3.6 Preseal Visual. Each LSIC shall be subjected to
a preseal inspection in accordance with M L-STD 883, Method
2010, Condition A |ow power and high power criteria. The high
power criteria shall be as nodified in the approved
manuf act uri ng- basel i ne screening procedure and detailed
specification. Built-in test features, custom design features,
| onger burn-in tine, overvoltage stress during preceding
burn-in, or other techniques shall be incorporated in the
manuf act uri ng baseline screening procedure to the extent
practicable and safe to inprove the reliability and reduce the
reliance on high power preseal visual inspection requirenents.
However, the elimnation or nodification of a screening
criterion shall be based upon docunented data and analysis to
assure that the intended reliability level is achieved.

4.4 Product Evaluations. Prior to finalizing the
post -assenbly screening tests and the |ot conformance tests,
including the associated pass-fail criteria, a product
eval uation is required. The product evaluation shall be
adequate to denonstrate the suitability of the LSIC to neet its
specifications and performits m ssion. Test units for the
product evaluation shall be sufficiently simlar to the fina
production units so as not to jeopardize the validity of the
test results. Simlar LSICs that have been previously flight
accredited or qualified usually provide the basis for initia
product evaluation. Deficiencies in nmeeting all requirenents
may be fulfilled by supplementing the existing data with new
test data. However, reevaluation testing is required for LSICs
that incorporate extensive changes in design, manufacturing
processing, environmental |evels, or other requirenents. The
final product evaluation tests are usually conbined with the
post -assenbly screening and | ot conformance tests of the first
production lot to reduce the total test program However, the
total test program shall satisfy all requirenments specified for
product evaluation as well as for post-assenbly screening tests.

4.4.1 Physical Evaluation Tests. Eval uation tests of the
LSIC shall be performed to denonstrate conpliance of new or
unqual i fied physical design features wth the specified design
requirements.
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4.4.2 Electrical Tests and Criteria. Electrical tests
shall be perforned to denonstrate conpliance with the specified
functional and paranetric requirenents and to devel op
appl i cable pass-fail test criteria for post-assenbly screening
tests and | ot confornmance tests. El ectrical testing shall be
perfornmed over the specified range of tenperature, voltage, and
frequency to validate the static, dynam c, swtching, and
functional behavior of the LSIC

4.4.2.1 Characterization. Prior to, or as part of the
producti on phase, at |east two sanples per |ot of each LSIC
shall be functionally characterized over and beyond the ful
tenperature, speed, and voltage range specified to determne if
any mal functioning condition exists within or at the limts
defined by specified end points. At least two lots shall be
sanpl ed. Tests beyond the specified end points shall be
perfornmed to provide information regarding potential marginal
design within the LSIC Sanpl es shall also be characterized
subsequent to burn-in and life test in order to devel op
information on the stability of the LSIGCs.

Two - and three-dinensional data plots ("Schnmoo" plots) should
be used to docunent the characterization. If marginal or
nonfunctional domains within the operating limts are found.
"Schnoo" plots covering the paranmeters of concern shall be
prepared as part of the screening tests for each LSIC delivered
to denonstrate acceptable performance over the full operating
range. The delta limts to be specified for use in burn-in
shal | be devel oped by utilizing the characterization and
reliability assessnent data to determne the limts of
acceptabl e paraneter drift.

4.4.2.2 lnput Protection. The effectiveness of the input
protection circuitry to electrostatic discharge on the input
| eads shall be denonstrat ed.

4.4.2.3 Reliability Assessnent. Prelimnary burn-in and
life tests shall be conducted on at |east two sanples of each
LSIC type. test chip, or equivalent device(s) of the same
conpl exity, technology, and design rules to establish the final
burn-in and life-test circuits and circuit test conditions to
be specified in the applicable test procedures. The
prelimnary burn-in and life tests shall be conducted at the
maxi mum r at ed devi ce vol tage. El ectrical paranetric and
functional testing shall be perforned prior to and after the
burn-in and life tests. Both static and dynamic burn-in tests
are required.
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4.4.2.4 Evaluation of Nonoperating Constraints. The
effects of nonoperational environnent on the LSICs may be
determ ned by devel opnent tests. These tests would be used to
identify fabrication storage, handling, transportation,
installation, and |aunch preparation constraints or controls
that may be necessary. proval of the contracting officer is
required if the test results indicate that it is necessary to
provi de special nonoperating environmental controls other than
t hose specified herein.

4.4.3 Radiation Hardness Evaluation Tests. The radiation
hardness of LSICs with radiation hardness requirenents
specified in the detailed specification shall be eval uated
using prototype devices, test chips, or subcircuits of the
LSIC. A mninmum of five devices shall be tested in each
radi ati on environnent. Wiere practicable, the sane device can
be tested in nore than one environnent. These devices shall be
tested to failure or to ten tinmes the specification |evel,
whi chever is |ess. The data are used to determne if a
redesign or change in construction or processing is necessary
to nmeet the radiation requirenments on the final product (see
Appendi x A).

4.5 Post-assenbly Screening Tests. Unl ess nodified by
t he approved manufacturing baseline or by the contracting
officer, each production lot of LSICs shall be screened in
accordance with the requirenents specified, including the tests
specified in Table CGI111.

4.5.1 Lead Shearing and Form ng. When | ead shearing and
formng operations are specified. a 100 percent fine and gross
seal test shall be perforned after those operations and prior
to final visual inspection of these devices.

4.5.2 Particle Inpact Noise Detection (PIND) Test. The
production lot shall be submtted to PIND testing a m ni num of
three times and a maximum of five tinmes in accordance with
M L- STD- 883, Test Method 2020, Condition A If on the first,
second, or third runs the nunber of defective Parts is |ess
than 1 percent per run of the nunber of parts submtted to the
run (or one part, whichever is greater), then the lot shall be
accept ed. PI ND prescreening shall not be perforned. All
defective parts shall be renoved after each run. Pr oducti on
lots that do not neet the 1 percent (or one part, whichever is
greater) of defective allowable (PDA) by the third run, or
exceed 25 percent detectives cunul ative, shall be rejected;
resubm ssion is not allowed.
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TABLE C-I111. Post - Assenbly Screening Tests
MIL-STD-883 REQUIREMENT
TEST METHOD
(1) Stabilization bake 1008, Cond. C, 100%
{no end point 24 hrs, min.
measurements regquired) 1/
(2) Temperature cycling 1010, Cond. C 100%
(3) Constant acceleration 2001, Cond. E ., Y1 100%
orientation only. 2/
(4) Particle Impact Noise 2020, Cond. A 3/ 100%
Detection (PIND) PDA 3/
(5) Interim (preburn-in) a/ 100%
electrical tests
(6) Burn-in 1015, 240 hrs at 100%
125°C min 5/
(7) Interim (postburn-in) 4/ 100%
electrical tests PDA 5%
(8) Reverse bias 101%5. burn-in 72 hrs 100%
at 150°C min 5/, 6/
(9) Interim (postburn-in) 4/ 100%
electrical tests PDA 5%
(10) Seal 1014, 7/ 100%
(a) Fine and (b) gross PDA S%
(11) Final electrical test 4/
(a) Static tests @ 25°C and at max and 100%
min operating temp. &/ PDA 5%
(b) Dynamic tests or @ 25°C and at max and 100%
switching tests min operating temp. 4/  PDA 5%
(c) Functional tests @ 25°C and at max and 100%
min operating temp. 4/ PDA 5%
(12) Radiographic 2012, two views B8/ 100%
(13) External visual 2009, 9/ 100%
(14) Radiation a/ i00%
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TABLE C-I11. Post - Assenbly Screening Tests (Continued)

Footnotes for Table C-III.

1/

It shall be permissible to divide the total minimum
stabilization bake time between preseal and postseal bake
as long as the total bake time equals or exceeds 24 hours,
the postseal bake time equals or exceeds 16 hours, and the
preseal bake occurs immediately prior to sealing.

Mechanical shock (MIL-STD-883. Method 2002, Condition B)

may be performed as an alternate, if specified in the
applicable detailed specifications.

The PIND test may be performed in any sequence after (3)
and prior to (10). See paragraph 4.5.2 for PDA.

Per applicable detailed specification

Test Condition F of Method 1015 shall not apply. As an
alternative, the test may be conducted for 150 hrs, min,
at 150 deg C.

The reverse bias burn-in (8) is a requirement only when
specified in the applicable detailed specification. It is
recomnended only for MOS, linear, or other microcircuits
where surface sensitivity may be of concern. When reverse
bias burn-in is not required, interim electrical
parameters of (7) may be omitted. The order of performing
burn-in (6) and the reverse bias burn-in (8) may be
reversed.

The seal test may be performed in any sequence between (9)
and (14), but it shall be performed after all shearing,
forming, and bending operations. The Krypton method shall
not be used. An optional seal test may also be performed
atter (4).

The radiographic screening may be performed in any
sequence after (3). When aluminum bond wires are used,
only one view is required.

At the manufacturer's option, visual inspection for
catastrophic failures may be conducted after each of the
thermal/mechanical screens, after the seal test sequence,
or after the radiation test. Catastrophic failures are
defined as missing leads., broken packages, or lids off.
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4.5.3 Electrical Tests and Conditioning.

4.5.3.1 Electrical Tests. Each LSIC shall be subjected
to its applicable dc, functional, and ac electrical tests at
+25°C, -55°C, and +125°C. El ectrical paraneters, as specified
shal | be read and recorded, and percent defective allowable
(PDA) applied. A failure in any built-in test shall be cause
for rejection of the LSIC even if other functional or paraneter
test results are acceptable.

4.5.3.2 Delta Conputation. Delta conputation shall be
perforned for those parameters for which delta Iimts are
est abl i shed. Delta 1s defined as the difference between a
specified paranmeter reading at 25°C prior to a given test and
that sanme paraneter reading at 25°C subsequent to that test.
If the Delta value for a part exceeds the established Delta
ILniﬁs, that part has failed the test and shall be renoved from
the lot.

4.5.3.3 Burn-in. Each LSIC shall be subjected to 240
hours total (conbined) burn-in at 125 deg C anbient. Bot h
static burn-in (wWth dc bias) and dynam c burn-in (operating)
are required. The bias used shall not be |ess than 90 percent
of the maxi numrated bias. The percent defective allowable
(PDA) for each lot submitted for burn-in shall be five

percent. The percent defective shall be determ ned by the
total of the nunber of catastrophic burn-in failures plus the
postburn-in electrical limt neasurenent failures plus the

Delta limt failures divided by the nunber of LSICs placed on
burn-in multiplied by 100. Rejected lots may be resubmitted to
addi tional screening only after approval is received fromthe
contracting officer. Except as otherw se specified in the
detail ed specification, preburn-in is not permtted.

4.5.4 Radiographic lInspection. Radi ogr aphi ¢ inspection
shall be perforned on each LSIC in accordance with M L-STD 883.
Met hod 2012.

4.5.5 Screening Test Data. The follow ng screening test
data shall be recorded for each |ot:

a. The part nunber, |ot date code, date(s) of test,
total quantity tested, accept and reject
quantity, serial nunbers which failed, and at
what test sequence they failed

b. El ectrical test - read and record paraneters and
del t as.
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C. Statistical paranetric summary of postburn-in
recorded paraneters including the m ninmm
maxi num mnean, standard deviation, three signa
val ues, and hi stograns. Devi ces exceeding the
three sigma values shall be identified.

d. "Schnoo" plots for each device if the product
-evaluations—tests—itndicated marginal-performance-
or nonfunctioning regines (see 4.4.2.1)

e. PDA cal culation and | ot disposition across
burn-in

f. Ext ended power, life, and long term stability
test results

g. X-ray report and film negative for each device

h. Failure analysis report, if applicable

I SEM phot ographs and results sunmmary

4.5.6 Failure Analysis. Fai lure analysis shall be
performed on catastrophic failures experienced subsequent to
bur n-in. LSICs failing to survive a postburn-in electrical
test or a subsequent test because of opens, shorts,
inoperability, or logic error shall be analyzed to the extent
necessary to ensure understanding of the failure node and
cause. Failure analysis shall also be perfornmed on devices
that fail during the formal radiation hardness evaluation tests
(see 4.4.3) or during radiation |lot conformance tests (see
4.6.3). The failure analysis shall be used to identify the
probl em areas that contributed to the failure, such as |ayout
errors, processing problens, or packagi ng problens. In any | ot
that fails any specified |ot acceptance criterion, sufficient
quantity of failed LSICs occurring shall be analyzed to
establish cause(s) of failure(s), such as an out-of-contro
processes, to determ ne necessary corrective actions and to
determne | ot disposition. The failure record and failure
anal ysis shall be docunented and retained for at |east seven
years.

4.5.7 Nonconformng WMaterial. Nonconform ng material or
assenbled units that do not neet the established tol erance
limts set for the production screens shall be renoved fromthe
production | ot. Nonconforming nmaterial or assenbled units may
be reworked and rescreened in accordance with 3.3.6. If the
reworked material or assenbled unit subsequently passes the
production screens, it can again be considered part of the
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production lot. Nonconformng material or assenbled units that
do not satisfy these rework criteria shall be considered as
scrap. Reassi gnment of assenbled production units to a

di fferent production lot shall not be nade.

4.5.8. Procedure in Case of Test Equipnent Failure or
Qoerator Error During Screening Tests. \Wenever an LSIC is
believed to have failed as a result of faulty test equipnent or
operator error, the failure shall be entered in the test record
along with a conplete explanation verifying why the failure is
believed to be invalid. Wen source inspection is required.

t he source inspector or contracting officer shall be notified
within one working day and given details fromthe test record
and the opportunity to challenge the validity of the error

cl ai nmed. If no challenge is made within the next working day,
the error may be considered valid as recorded. If it is
determ ned that the remaining product has not been danaged or
degraded. the lot or surviving portion of the lot, as the case
may be, may be resubmtted to the corrected screening test(s)
in which the error occurred. Failures verified as having been
caused by test equipnent failure or operator error shall not be
counted in the PDA cal culation (when applicable).

4.6 Lot Conformance Tests. Lot conformance testing shal
be perforned as the basis for |ot acceptance on each production
| ot manufactured. Lot conformance testing is a sanpling test
perfornmed to denonstrate a degree of confidence that a
production lot of LSIC that has passed the in-process and
post - assenbly screening tests and inspections also neets the
other requirenents of this specification. Unl ess nodified in
t he approved manufacturing baseline or by the contracting
officer, lot conformance tests shall be performed in accordance
with the requirenents specified including the applicable tests
specified in Table CGIW.

4.6.1 Test Devices. The ot conformance tests shall be
conducted on randomy sel ected sanples from the production |ot
of LSICs that have been manufactured in accordance with the
parts, materials, processes, and controls specified and that
have passed all in-process screening including the
post-assenbly screening tests (see 4.5). However, electrical
rejects fromthe post-assenbly screening tests of the sane
production |lot may be used for all subgroups when end-point
el ectrical paraneters are not required. The sane device may be
used for nore than one test. Reserve sanpl e devices may be
tested wth the subgroups to provide replacenents in the case
of test equipnent failure or operator error. These devi ces
shal |l be used in predesignated order.
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TABLE G-I V. Lot Conformance Tests
TEST MIL-STD-883 CONDITION LOT SAMPLE
METHOD QUANTITY
1/
Subgroup 1
Physical dimensions 2016 2
Solvent resistance - 2015 T T 2
Lead integrity 2004 Test condition B2, 2
Lead fatigue
Solderability 2/ 2003 Soldering temperature 2
245°C + 5°C
DPA 5009 Z
Subgroup 2
Thermal shock 1011 Test condition B, 2
168 rverlac minimam
18 cycles, minimum
Temperature cycling 1010 Test condition C 2
100 cycles, minimum
Moisture resistance 1004 2
seal 1014 The Krypton method 2
(a) Fine shall not be used
{(b) Gross
External visual Use criteria of 1004 2
End-point electrical 3/. &/ 2
parameters
Subgroup 3
Electrical parameters 4/ 3
Steady state life 1005 5/ Condition D or E 3
test 150°C 500 hours, or
125°C, 1000 hours,
minimum
End-point electrical 3/. &/ 3
parameters
Electrostatic 3015 3
Discharge
Sensitivity
Subgroup 4 6/ 8/
Neutrons 1017 4/ 5
Total dose 1019 4/ 5
Transient ionization
Upset 102171023 4/ 5
Latch-up 1020 4/ 5
Burnout 4/ S
Transient annealing 4/ 5
Single event effects 4/ 5
EMP 4/ 5
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TABLE C- I V. Lot Confornmance Tests (Continued)

1/

I~
~

Jw
~

Footnotes for Table C-IV.

The lot sample quantity as shown in Table C-1V is for
production lot quantities less than 100. For production

lot quantities of 100 to $00, the sample gquantity shall be |-

increased by 1 unit for each additional 100 units. For
production lots greater than 500, the sample size shall be
as approved by the contracting officer (see 4.6.1).

Al

devices submitted for =n1dnrah11irv testing ghall have

- L Sk~ W RN A vwwwm & We SVauSetRoweaaw e v ey ------

1
a lead finish that has been through the temperature/time
exposure of burn-in.

At the manufacturer's option, end-point electrical
parameters may be measured after moisture resistance test

2avmA hafFfaAavra aaax) rane
QAliu VUTTILVLYEY dTSald LED L.

Per applicable detailed specification

The alternate removal-of-bias provisions of Paragraph
3.3.1 of Method 1005 shall not apply for test temperatures
above 125 deg C.

Each Subgroup 4 test is required only if specified in the
detailed specification. Unless otherwise specified, the
survival probability shall be 0.999 and the confidence
level shall be 0.95. For devices where the response to a
radiation environment is largely variable from one wafer
to the next within a diffusion lot, the lot sample
quantity (5) for each Subgroup 4 test is for each wafer in
the production lot.

4.6.2 Procedure in Case of Test Egqui pnent Failure or

Qperator Error During Lot Confornance Tests. Whenever an LSIC

is believed to have failed as a result of faulty test equiprment
operator error, the failure shall be entered in the test
record along with a conplete explanation verifying why the
failure is believed to be invalid. Wen source inspection is
required, the source inspector or contracting officer shall be
notified within one working day and given details fromthe test
record and the opportunity to challenge the validity of the
error clai nmed. If no challenge is made within the next two

wor ki ng days, the error may be considered valid as recorded.

or

I f

it

is established that the product has been damaged or
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degraded, a replacenment LSIC from the same production |ot may
be added to the sample. The replacenent LSIC shall be
subjected to all those tests to which the discarded LSIC was
subjected prior to its failure and to any renaining specified
tests to which the discarded mcrocircuit was not subjected
prior to its failure The manufacturer, at his own risk, has
the option of replacing the failed LSIC and continuing with the
tests before the validity of the test equipnent failure or
operator error has been established.

4.6.3 Radiation Lot Conformance Testing. Subgroup 4 of
Table G 1V outlines the ot conformance tests that nay be
required to denonstrate satisfactory radiation hardness
characteristics for a production lot of LSICs. As noted in
Appendi x A, the tests in Subgroup 4 of Table C 1V are not
al ways required to denonstrate radiation hardness of a
particular lot. Wen any of the Subgroup 4 tests are required
either a radiation to failure test or a single radiation |eve
test may be used.

4.6.3.1 Radiation to Failure Test. For each environnent.
a random sanple of at least five LSIC parts from the production
| ot are exposed to increasing radiation levels until each part
fails. A failure is indicated by the radiation-induced
paraneter value for the part exceeding the parameter test limt
val ue established for the part in the detailed specification.
Based upon the nmean radiation failure |evel and the specified
maxi mum radi ati on environnent for the part, the radiation
design margin is calculated as discussed in 50-1 of Appendi x
A If this calculated radiation design margin does not satisfy
the acceptance criteria specified in the detail ed
specification, the lot shall be rejected.

4.6.3.2 Single Radiation Level Test Method. For each
environment, a random sanple of at least five LSIC parts from
the production lot are exposed to the radiation |evel specified
in the detailed specification, and the radiation-induced
changes in paranmeter values for each part are recorded. Based
on the nean values of the radiation-induced paraneters and the
correspondi ng end point electrical paraneter failure limts,
the paraneter design margin is calculated as discussed in 50.4.
of Appendi x A If this calculated paraneter design nmargin does
not satisfy the acceptance criteria specified in the detailed
specification, the lot shall be rejected.

4.6.4 Lot Acceptance Criteria. Acceptance of a
production lot of LSICs is achieved when:

a. The product evaluation tests for the LSIC have
been satisfactorily conpleted (see 4.4).
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b. The life tests on the Test Chip Evaluation
Sanples for the applicable wafer | ot have been
satisfactorily conpleted without failure (see
4.3.3.1).

C. The lot conformance tests have been conpleted
wi thout failure (see 4.6).

4.6.5 D sposal of Sanples. LSICs subjected to
destructive tests or which fail any test shall not be shipped
on the contract or purchase order as acceptable products. They
may. however. be delivered at the request of the contracting
officer as a special shipnment if they are clearly identified so
as to prevent their being m staken for acceptable product. A
destructive test is one in which the applied stresses or
envi ronment nmay pernmanently damage the part. Sampl e LSIGs.
fromlots which have passed product assurance inspections or
| ot conformance tests and which have only been subjected to
nmechani cal or environmental inspections or tests not classified
as destructive. may be shipped on the contract or purchase
order, provided the actual testing was nondestructive and each
of the mcrocircuits subsequently passes final electrical tests.

4.7 Qualification. LSI Cs manufactured and delivered in
accordance with this specification and that are flight
accredited (see 3.1) are qualified.

5. PACKAG NG

LSI Cs shall be prepared for delivery in accordance with
t he preservation packagi ng and packing requirenents of
M L- M 55565, wunless otherwi se specified in the applicable
detail ed specification or purchase order. In addition, the
following requirenents shall be applied to ensure electrostatic
protection:

a. LSI Cs and packages shall be marked or identified
with electrostatic sensitivity |abels per
M L- STD- 129.

b. LSICs shall be individually packaged and
serialized. and shall be separated from each
ot her.

C. LSICs shall be fully enclosed in an antistatic
material with sufficient permanent conductivity
on all surfaces to bleed-off static charges and
to prevent the introduction of electronic
charges from the external environnent.
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d. Packagi ng and packing materials used shall not
crumble, flake, powder, or shed.

e. Leads shall be secured to protect against
vibration and to retain their shape.

f. Isolation from shock and vibration shall be
provi ded.

g. I ndi vi dual packages and external containers
shall be marked to clearly indicate the content.

6. NOTES
6.1 Intended Use. It is intended that detailed

speci fications prepared for the procurenment of specific devices
woul d reference this general specification to incorporate the
appl i cabl e requirenents. LSICs covered by this specification
are intended for use in space vehicles or in equipment with
very high reliability Peguirements. The requirenents stated in
the specification are a cdmposite of those that have been found
to be cost effective for high reliability space vehicle

appl i cati ons. The general nmanufacturing process contro

requi rements specified are intended to assure that a known
quality product is manufactured and that all units in all
production lots will have a uniform high reliability. The
enphasis is on designing and manufacturing a reliable LSIC
rather than screening defective LSICs from the production |ot.

The specification inposes the concept of product flight
accreditation (see 3.1) to assure that the LSICs satisfy all
requi rements that have been found necessary to assure
successful space vehicle n ssions.

6.2 Tailored Application. Were possible, the
requirements in the specification are stated in ways that are
self tailoring to each application. Neverthel ess. all
requi rements of this specification should be evaluated for each
applicatign and those that seem inappropriate should be
ident¥¥tead and revi ened. Contractors are encouraged to
identify to the contracting officer, for program office review
and consieration, any requirenments believed excessive or
conRictings However, contractors are rem nded that deviations
frem contractually inposed requirenents can be granted only by
the contracting officer. Devi ations to the referenced test
met hods incorporated in the manufacturing baseline should be
reviewed by the audit team and are approved if that baseline is
approved.
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An attenpt was nade to state the requirenents in ways that
woul d be self tailoring to the specific applications wthout
par agr aph referencing. For exanple, if a space vehicle
specification states that LSICs shall be in accordance wth
this specification,” then all requirenments stated in this
specification are applicable. If a detailed specification for
a particular LSIC states that the LSIC "shall be tested in
accordance with this specification.” then only the device
testing requirenents would be nade applicable by that reference
and the other requirenments such as for LSIC design and
manuf acturing would not apply.

6.3 Odering Data. Procurenent of a specific LSIC for
space vehicle applications is based upon the contractor
preparing a purchase order that would reference the conplete
detail ed technical requirenents for the specific LSIC
Dependi ng upon the contractor practices, or the specific
contract. the technical requirenent docunent nmay be called a
detail ed specification, a Specification Control Draw ng, a
Source Control Drawi ng, or sone other nane. In any case, it is
referred to in this general specification as the detail ed
specification. Regardl ess of the actual docunent nane, it
shoul d be prepared in a book formformat simlar to this
general mlitary specification. In other words, the detailed
specification should incorporate the requirenents of this
general specification (by reference) then, using a simlar
format, the needed new requirenents and deviations required for
the procurenment of the specific LSIC should be stated. By
using the same format as this general specification, the
manuf acturer and others using the detailed specification can
easily determne the total set of requirenents for the specific
LSI C.
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