:z{| }e3eH60T~yVW4 -1 METHODS AND APPARATUS FOR CHARACTERI ZI NG BOARD TEST
COVERAGE Backgweund of the Invention In the past, the "board test coverage'
prOV| ded by a particular test suite was often nmeasured in ggrns of "device
Cover age m\mmﬂ‘fm& 5 coverage". Device coverage was neasured as the

per cent ag& m evices with working tests, and s'h e was
measur ed as t.he~percentage of accessible board nodes.| mmmmm@mage =
Tested Devices 10 Total # of Devices Shorts Coverage = Accgssi Nodes
Total # of Nodes 15 The above nodel of board test coverage was devel oped at
a time when testers had full nodal access to a board (i.e., access to the
majority (typically 95-100.6) of a board s nodes). Boards were also | ess
dense) | ess conplex, and sonewhat notle forgiving due to their | ower
frequency of operation. In this environment, the above nodel was
acceptable. 20 Over the |l ast decade) boards have mgrated towards Limted
access. In fact, it is anticipated that boards with access to | ess than 20%
of their nodes will soon be common. Sone drivers of access limtation

i ncl ude: .2_ Increasing board density (devices/square centineter is
increasing) * Fine line and space geonetry in board |layouts (i.e., smaller
5 probe targets) * Gid array devices of increasing pitch density *

Hi gh-frequency signals that demand precise |ayouts and offer no probe
targets * Board n t r than the 10

maxi num avai | abl e%@qygﬂg" éﬁp sﬁ% Eg@&mngde application of
the "ol d" nodel of board te 8 t at best) and neani ngl ess
in many cases. 15 Useful ness of the "ol d" nodel of board test coverage has
al so been inpacted by the advent of new and radically different approaches
to testing (e.g., Automated Optical Inspection (AO) and Automated ~( ray

I nspection (AXI)). Many of the new test approaches are very good at testing
for certain defects) but |iBackaround ofthednvention: nunber of defects they can
test. Thus, 20 nore and nore oaten) it is becom ng erroneous to presune
that a device with working tests is a suf~cientty tested device. As a
result, a boar din thepiast theshbaid testicaverage! providlet byssparficuardestes) which in

conbi nati on_define "test, .S e" for.a chl ar rd (see FIG 2). 25
G ven the aﬂ)’g 3’3§t°g‘%€"bqa%§??gr'3g?®§i°£i%d'icﬂo% }atggs?n%os\?'@ﬁﬁge new net hods
an ﬁpsiﬁlr atcygerbge”. Mmrayemm“mré@astmmmggaafmaa}eedﬁd- _ Sarfma_ryr)
of the Invention Accor g ne exe odi of the invention
a met hod f(S’PV'Eﬁ%\YVg (i FGFPG’ BB gﬁg"'& %? %’eﬁ?}fﬁﬁg‘éﬁé@’w th the
enunerat i orpeﬁjen%b@bbaéds;bwigéa}gtmugs properties for a board, w thout regard
for how the

Device Coverage = # Tested Devices
10 Total # of Devices

Shorts Coverage = # Accessible Nodes
] Total # of Nodes

15 The above model of board test coverage was developed at a time
when testers had full nodal access to a board (i.e., access to the majority
(typically 95-100%) of a board’s nodes). Boards were also less dense, less
complex, and somewhat more forgiving due to their lower fraquency of
operation. In this environment, the above model was acceptable.

20 |

Over the last debade. boards have migrated towards limited access.
In fact, it is anticipated that boards with access to less than 20% of their
nodes will soon be common. Some drivers of access limitation include:



!
potentially defective properties mght be tested. For .each potentially -3
defective property enunerated, a property score is generated. Each property
score is indicative of whether a test suite tests for a: potentially
defective property. Property scores are then conbined in accordance with a
wei ghting structure to characterize board test coverage for the test sulfa.
5.BH~scJ~tion of the Drawings Illustrative and presently prefen-ed
enbodi ments of the invention are 10 illustrated in the drawi ngs in which:
FIG 1 illustrates a nmethod for characterizing board test coverage; FIG 2
Il lustrates a defect universe) and a VBNN di agram of testers that cover the
defect universe; 15 FIG 3 illustrates the application of a proximty-based
shorts nodel; FIG 4 illustrates an exenplary conbi nati on of conponent

property scores; FlG |hclehbiHgbbaidafensiy\(deorRBSsquHre REARStbyiswei ght's ni ght be
assigned for di fferentmé}ggg,ﬁ types; 20 FIG 6 illustrates how connection

property weights #i ght rléﬁgg%r f bl e shorts
t hat aregassoci at ed WIFi llﬁééﬁ(ﬂ&ﬁgdtélegﬁﬁﬁg r%’ %gﬁ? stra(tgs @nﬁe?xenpl ary
manner o? di spl ayj ng % g?: g%égas% gS FItG 8 |:IGuslér ates a
l ;
T deppand Precisg loyBife 68 oot .

met hod for conparjng
Il lustrates maxi numt

technol ogy for an, arbl to FIG 10 | ust r at Xi mum

t heoretical conponent °§?:89 %’G‘ @rsﬁygwg@?spﬁa&?ﬁéﬁ € or an
arbitraf9 digital devi 'mHﬁtP"a" epp@nytesier;3 j||ustrate various
enbodi ments of apparat us for characterizing board test coverage. 5

D--ori.ot1 0 of ¢ Nerit gh i sidngabRelFiale BficBid| e S ahiudl BFGbAM NS

met hods and appar at us cterizin
test coverage difficult at best, and meaningless in many cases.

15 Usefuiness of the “old” model of board test coverage has also been
impacted by the advent of new and radically different approaches to testing
(e.g., Automated Optical Inspection (AOl) and Automated X-ray Inspection
(AXI)). Many of the new test approaches are very good at testing for certain '
defects, but limited in terms of the number of defects they ¢an test. Thus,

20 more and more often, it is becoming ermoneous to presume that a device with
working tests is a sufficlently tested device. As a result, a board is often
submitted to different test processes, which in combination define the “test
suite” for a particular board (see FIG. 2).

25 Given the above state of characterizing board test coverage, new
methods and apparatus for characterizing board test covarage are needed.

Summary of the Invention
30

According to one exemplary embodiment of the invention, a method
for characterizing board test coverage commences with the enumeration of
potentially defective properties for a board, without regard for how the
potentially defective properties might be tested. For each potentially
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10 test coverage, sone definitions will be provided. "Board test coverage"
(or sinmply "coverage") is an indication of the quality of a test suite. 15
A "defective property' is any properly that deviates unacceptably froma
norm Defective properties include, but are not limted to: * An open
solder joint. * A solder joint with insufficient) excess, or nalforned

sol der 20 (possibly with or without electrical manifestation). * A short
caused by excess sol der) bent pins, or device misregistration. * A dead
device (e.g., an integrated circuit damaged by el ectrostatic discharge, or
a cracked resistor). 25 '" A conmponentgthat is incorrectly placed. * A

m ssing conponent. '" A polarized conponent that is rotated 180 degrees. *

A mi sgl }gnecugfmpapﬁnfelnytenp?veedtédcdprbpew $ooralissgenacatel.. E3¢h A board can be
teste or a potentiall]y defectiv roperty executing a "test". A test,
as defined HEPRAMY)SCOL igin %@Pi"fw’é’ﬁ?ﬁ‘éf B%%FF%%W“JS%P@%‘P?"% hat will pass
[T the test efbiph0BBiddeRy. Progerty SBRAA tHeiconftidedth sEadaaRGIWM aand L hel 1
associ ated connections are all "acceptable. Atest~may fall if any tested
property i s waightingsinuctsie to. charadteriziedoast teshiayeragedfasihedestispite.al ue of a
single resistor. A conplex test mght test thousands of connections anong
many cohponents. A "test suite" is a test or conbination of tests, the
collection of which is designed to sufficiently test a board so that the
board is likely to performits intended functions} in the field. 5 Methods
for Chara ~~ZJng Board TesSRN€iglatchips fithe Drawings: st engi neers have
typically asked, "What does it nmean 10 when a test fails? However, this
guestion is often clouded by interactions with unanticipated defects, or
even the robust niystrativezandgresentiy breferreg emkedipents ofthminventionragea si npl e

di gi t al,ydevi, | - (] i est) the test could fait for a nunber of
reasong? mé'ﬁ@%éq"@d’gﬂ%ﬁi"%h‘&hw ong device; * there is an open sol der
joint on one or nore pins; * the device is dead; or * an upstreamdevice is
not properly dis ed, t defect 20 Wth.r ect har act eri zi ng board
test coverage, i?R'lf'é' 'mﬁ?'@?%ﬁ? '?@%ﬁz&ﬁ%ﬂég‘!ﬁg‘wﬁm%an when a test
passes?” For exapid,®@illistratesd d6fest urersd, ahd FEVENK ERfambResstss |t 1S known
that the resistor is present, is functioning, is in the correct resistance
range) and RRatceveribe dpleskuniyRiBe:are not open or shorted together. 25 FIG 1
illustgates a ne hierat 6k hd mg,[ ge. The

nmet hodﬁﬁloo com"reﬁ'gg?'w th %ﬁgsg%ﬁn&?@? P‘(z)é]a%())(z fﬁﬁﬁ?gﬁﬁ’f@mﬁ?g@lef ective
properties for aFléhdritiustratesanexemplary gombinationof companestpiopeity def ecti ve
properties r&%&. be tested. For each potentially defective property

FIG. § illustrates how component property weights might be assigned
for different device types;

20 FIG. 6 illustrates how connection property weights might be assigned
based on the number of possible shorts that are associated with a
connection;

FIG. 7 illustrates an exemplary manner of displaying: board test
coverage to a user;

25 FIG. 8 illustrates a method for comparing board test coverage for two
test suites;

FIG. 9 illustrates maximum theoretical component PCOLA scores
‘versus test technology for an arbitrary resistor;
FI1G. 10 iltustrates maximum theoretical compohent PCOLA scores

30 versus test technology for an arbitrary digital device; and



30 enunerated, a property score is generated 104. Each property score is

i ndi cative of whether a test suite tests for a potentially defective
property. Property scores are then conmbined 106 in accordance with a

wei ghti ng -s structure to characterize board test coverage for the test
suite. Potentiall~r Defective Properties 5 A board's potentially defective
properties can be enurMerated by parsing descriptive information for the
board, including) but not limted to: topology data (including XY position

data), a netlist, a bill of materials, and/or conputer aided design (CAD)
data. 10 Together, the potentially def,ective properties for a board
conprise a "defect universe". FIG 2 illustrates such a defect universe

200) as well as RIGENM-18 Wigstrate vdrious ienfbodinhets of appafatas for A) Tester B, and
Tester C) that cover the defect universe 200. Although FIG 2 illustrates a
VENN di agr afhamcterizingboardtest gavemgeent i al | y def ective properties conprising
a detect universe 200 can (and typically should) be enunerated w thout
regard for how the potentially defective properties mght be tested. There
are a nunber of potentlaily defective properties that nay be 20 enunerated
for a bpard. In one e .!._ f od potentially defective
propertYes are grouped CoHporent -2 SMeNL 4 " connect i on
properties". Properties in these two groups are believed to account for
more than 90% of a board's potentially defective ;properties. 25 The
properties Mﬁﬂiﬁ)onents and connections may be further subdivided into
"fundanental properties" and "qualitative properties". Fundanental
properties are properties that directly inpact tide operation of a board.
Gzual i t ati ve pr opefote describing methatisandtappacatus forrebiractetizing boardct boar d

operatjon) but have th ofent.i al do.s t sone point intinme (i.e., as
a 30 Iﬁ)ent P?fi?%‘&ﬁge'Ssmgrégﬁp'%'?sc‘ﬁili%\?é)?%‘f'g?fgnuf acturing process problens
t hat -7 shoul d be addressed before the probl ens degenerate to the;point

of inpacting fundanmental properties. 5 ConooneM Properties As defined
herein) a "conpomoffdteskeoyataos; &Rﬁ%’l’%‘%é@"ﬁ'ﬁga )ipan indicatiem of the

quality of a test suite.

15 A “defective property” is any property that deviates unacceptably from
a norm. Defective properties include, but are not limited to:

An open solder joint.
A solder joint with insufficient, excess, or malformed solder
20 (possibly with or without electrical manifestation).
* A short caused by excess solder, bent pins, or device
misregistration.
* A dead device (e.g., an integrated circuit damaged by electro-
static discharge, or a cracked resistor).

25 * A component that is incorrectly placed.
* A missing component.
* A polarized component that is rotated 180 degrees.
* A misaligned component (typically laterally displaced).
30 A board can be tested for a potentially defective property by executing

a “test”. A test, as defined herein, is an experiment of arbitﬁary complexity
that will pass if the tested properties of a component (or set of components)
and their associated connections are all acceptable. A testimay fail if ény
tested property is not acceptable. A simple test might measure the value of
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as a passive conponent (e.g, a resistor or inductor))'an integrated circuit
(iQ, a connector) a heat sink) a nechanicat extractor, a barcode |abel) a
10 radi o-frequency interference (RFi) shield, a nufti-chip-nodule (MCM) a
resistor pack, and so on. Basically, any itemlisted in a board's bill of
materials is a conponent (although nost conponents will take the formof an
electrical device). Note, however) that the internal elenents of an MCM or
resi stor pack are typically not counted as conmponents. Although the above
15 listed conponents are ail tangi ble) conmponents may al so be intangible
(e.g.) a flash nmenory or Conpl ex Prog?gnnable Logi ¢ Device (CPLD) downl oad)
or a functional test of a device cluster). in one enbodinent of the FIG 1
met hod, t heakingiéveeistor] Aomphext tiesismight telst thoasanusiof Boniteetipns amongr esence)

correctness, orientation and |ivepess, O these) presence is the nost
critical, aﬁ'aﬂ}ﬁ@@PH@?"tﬁ-hﬁg@sﬁ%'ﬁelsﬁ fest o '"%Qgé’g%é’be if a conponent

I's m ssing. cdigkbfor SRbhiéh ﬁ%%%igf‘i@& &SROSR teBt £56418 3o Yhdt theBoERY ig™es 1 Pl y
that a 25 conponent 1s the correct component. However) presence and
cor r ect nesslikelytoppedban its infendedfunction(s) inthefieldii st i nct properties so that
incorr%ct presunptions as to conponent correctness are not nade v~hen
characteri zing board test coverage. For exanple, it can be determ ned from
a resistor nmeasurenent test that a resistive conponent is present. However)
30 the same test can.only partjally assess whether the correct resistor is
-8 present ¥8 ods for CharactenizingBoard JeskQvaragevnt test cannot deternine
whet her a resistor is a carbon conposition resistor, a w re-wound resistor)
a 10 watt resistor or a 0.1 watt resistor). 5 Presence may be judged

"partially test dathepash testanginepss haye typiegllyasked,cWhat dess it meana conponent

is thegne. F o < [ Jeen VCC and a
di gi tgllo I npu erﬁ%%@;ﬁlg%uﬁfgg%@éyésn esél?ﬁ ?:%é\%ﬁ%&hgﬂeﬁ%x% nis held

hi gh. Howewgith undntisipatesitdefects| ol exérs theaobustness dftactestitselfiaFoopen or fl oati ng.
10 A subset of the ,presepnce property.is the. ! not esent .property'. In the
sane way th%a"?’{'e'i"gpwgg?tpgtﬁ @n'{p %IS‘%’%PW‘H%%@PHB‘%‘?H'EP%%%%M s of a
board are t@uldRilfet'a MirRS6r YT feasbhs, ificladifg:r abl e in some cases to nake sure
that a conponent is not present on a board (e.g., in the case where a given
15 board is not to be | oaded with an optional conponent). A determ nation
as toMWhet her a'testtigthpavrengdevieesr conponent correctness can only be made
after (or at thé& santhere is@n apen;jsoldgejointignnng armaarepins; t est suite tests for
component presefice. wydevice isdead;or conponent 20 correctness incl ude

readi ng the ideft! f| amupsiream dyvicaisinot properly digablad to s defeohent using an
Automated Optical -1 nspection (AO) system or executing a Boundary- Scan

Gorr e8ness my WET e8P PllpotBteRg BpaB e BIR e TP ot *compl et
certainty trhedningfaltoiaskeWhat goesit mzan.wHemr a tesbpases? C Borsexa@eipld, life
a simple resistor measurement passes, it is known that the resistor is

present, is functioning, is in the correct resistance range, and has
connections that are not open or shorted together.
25
FIG. 1 illustrates a method 100 for characterizing board test coverage.
The method 100 commences with the enumeration 102 of potentially
defective properties for a board, without regard for how the potentially
defective properties might be tested. For each potentially defective property
30 enumerated, a property score is generated 104. Each property score is
indicative of whether a test suite tests for a potentially defective property.
Property scores are then combined 106 in accordance with a weighting
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previ ously di scussed resistor neasurenent test. Another fundanental
conponent property is orientation. Typically, 30 orientation defects
present as conponent rotation errors in increments of 90 -g_ degrees.
There are a nunber of ways that a test suite mghf test for orientation
defects. For exanple, an AO system m ght | ook for a registration notch on
an |C. An Automated X-ray |nspection (AXl) system m ght | ook for the
orientation of polarized chip capacitors. An In-Circuit Test (ICT) system5
m ght verify the polarity of a diode. The conponent property of |iveness
may enconpass;as many factors as is dgsired. in one enbodinent of the FIG
1 nethod, l|iveness means grossly functional, and does not nean that a
conponent  pgfrf,&thito\Mhblacize Bosvditesteolerabb fdr thélest BGIfe. | C pur pose. For
exanpl e, if a Boundary-Scan interconnect test passes, then the conponents
that participated In the test nust be reasonably afrve (i.e., their test
access ports (TAPs) are good, their TAP controllers work, their 110 pins
work) etc.). An assunption of I1C liveness could also be made if one NAND
gate of a 7400 qpotenfidlil Defective Prapestiesa 15 test. Al so) the successf ul
measurenment of a resistor's value is indicative of the gross functionality
of a resistor (e.g., the resistor is not cxacked, or internally shorted or

open) . In a pr of & bogrEAGHalpOsteivel péiies ooh BEbhGHeraldipbpnl v qual i tati ve

20 property of a conponent that is enunmerated is conponent “alignnent.
Al i gnrrent  dpéarsingsdesntiptive dnfoamationifordhe pparsie insludingy but not fimited &:y sl |

di stance) r i : "l k hds device is
sol dered i n%ﬁygg%@aﬂ?yﬁ ﬁ%ﬁ%d%bﬁéﬂ%}?&p&gﬂﬂﬁr{ggqgm?/g ﬁ a board).
Al i gnment dcérmputsr dideddesige (CAD) datal n t hat an al i gnnment defect nmay not
result,in an i medi ate 25 mal function, but may be indicative of a

degene1r tive process problemor a future r~eltability problem The above
conmponent pr opertdguther!thé poteatiallydetedtivé prapeftidsdord bbardRanipriegan as the
PCOLA properties (f. resence, correctness, orientation) 30 |iveness and

al i gnnent ) . “defret PP_EP%!?‘- édliysirates sueh 9 defretniverss 200 axwellas ap t hese
potentiall yvﬂﬁhgtﬁé%ﬁéﬁ\ &N?Hﬁa}fg@tgrg @oser h?"l"téﬁer BléhdPastérttnal Ners. However,

it is within ope of Isclosure to enunerate | ess than all of
t hese pr opecovesthedrfeciuniverses2dntAlthough FIG.&sillustiates @ VEDINglaghant er ent ones

andl or' % oy 81 BRBR Vst ooy ofof® FRUAGF hithoraia £ bt B8 T o0 "10°

Al t hough t h20@ carcéamd typically sheuld) i enumerptetewmitrolt reagarddor hawthdeen

i ntroduced, int i ble.conponent prqperties deserve further discussion.

| nt angi bl e B@ﬁﬁ@@r‘i@tﬂ%ﬁﬁ%ﬁgﬁiﬁp@g@g’eﬁgﬂ ed to tangi bl e conponents by the
addition of one or nore activities. In the context of a flash nenory or

CPLD downl oad, the activity, is_an on-board progranm n rocess that
installs bits 15Th°mefet%"f%mfékfaﬁte"ﬂﬂwgq%?‘ége0%@%38&6@?denti fied,

| nt angigbl e gMimEraRISr #B8ardh §h bndeRBEdiieRtof ¥ FRS. 1 Mgyl as part of a-

board's ' component space" for purposes of characterizing board test

coverage. Megtgntiglly defecivarproperties arcioroupertinta ‘sampenertraropartieri@ndned above
W 1 not apphynidioh @M&LePﬁﬁgﬂﬁg?ﬂrﬁsa@ folRE Bl peiRVby 1Pr esence and 20
%)l.e., gr gr anmi dégrograrrm g

correctness nm ng presence an ng correctness) would
be appl i cabaecount far friorssthan®@ts of alboant’s pdtentially defective properties.

25 The properties for components and connections may be further
subdivided into “fundamental properties” and “qualitative properties”.
Fundamental properties are properties that directly impact thb operation of a
board. Qualitative properties may not directly or'. immediatel§ impact board
operation, but have the potential to do so at some point in time (i.e., as a

30 latent defect), or are indicative of manufacturing process problems that



Properties by Conponent Tyke 25 Although the PCOLA conponent properties are
believed to account for 90% or nore of a conponent's potentially defective
properties, sonme of these.properties may be neaningless with respect to
particul ar conmponent types. If a property need not be tested, then it need
not be :enunerated. As 30 a result, one enbodinent of the FIG 1 nethod
enunerates different -11 potentially defective properties for different
conponent types. Properties by Package TjLe 5 Sonetines, conponent types
may not be known) but; it nay be possible to identify package types. If
this is the case, the FI~. 1 method ngy enunerate different potentially
defective properties for different package types (since conponent types can
of ten be i nkRoulébe atidressed sefore theproliems degenergiettd the paint of~ rties A
"connection” is (typicall how a component is electrically connected 15 to
a board. As'rapaceaszﬁndam?n PTAPSHESar e f or ned bet ween conponent pins and
board node pads. For purposes of this disclosure, the word "pin" is used as
a general reference to any neans for connecting a conponent to a board)
including pins, |eads, balls, colums) and other contacts. Bath sol dered
and pr€ss- fit conponepﬁﬁ igﬁg@igglégnnections. A particul ar conponent may
20 have” zero or nore a board. For exanple, a resistor has
only two connections, an | C may have hundreds of connections, .and a heat
sink may have none. A special |nstance of a connection is t he hotonlc

connection (e.g.As fé\eﬁzvdé@m!e& icampaReRicisAying Placad @n A goardy sy
2581 Vi NG dgyhGRanObapGRIRIES! SRooRiirh SRR, A inga b i 081 Vi N

devi ce and a photonic connec or ca an el ectri cal
connect i on, (1&), wmactor.@dnm@hkmmeshammhemmsamdadabelmsm t signals.

B ki i Ot

tr glns mht t er resistargiacleranarsd mtﬂaiu:uw ghydtem "?d in-d Board'sibiinafnt s, with é he
cabl e havin connection at, eac ids en An on act ored into
Che ol T ou hatedaBle aGomponant (itouch raost sairenents WILEES IeyBoR of L1 o ¢

val uabl e cogigaeslidevitb) n&unﬁwam thitane ifterhaV§lembhtsiof aRMCMRY that there
are no node trace defects (e.qg.) shorts, opens) or qualitative itens Hke

i mpr oper cheasistarPack are-typlealbot seynted g icrREPENenIs o AHah the abeye ¢ i me
CONPONENt S ftéd BdrAgGHEnts AreUNRadiDe omiitinefis hayFalsh g’mﬂtarﬁi&lg Q). the

fundament al properties 10 of a connectlon corrgﬂl se: éns and
qual i ty. A alfflash memoanhornGereplex Programmable lngic Baviee (CRED) QW'QMI.I y caused by

att achnent 81,95 gﬁﬁ'&'fd&@ﬁ%ﬂ&&k&ﬁg?nd excess solder. As a r_esult, s_horts
y_

may be enunera usi ng a proxim ased nodel (see FtG 3), if two pins 7
5 (e.g.) pins A) B, C D E) are within a specked "shorting radius, r )

then there is an_o t to be oper | onne ed) and ~

short between tﬁ'e B%M@@BE&'& 'ﬂéwi 'ﬁ’{’ %‘Bf ?y defective
properagy of ofta EsmpcshenbPeoniprise: \prosenes, cdwctmseruﬁmfambnendmvehdae undert aken
using 1) t(h)e these, presence is the most critical, as the other three properties cannot

be assessed if a component is missing.

Note that a test for component presence will sometimes imply that a
25 component is the correct component. However, presence and correctness
are preferably enumerated as two distinct properties so that incorrect
presumptions as to component correctness are not made when
characten‘;ing board test coverage. For example, it can be:determined from
a resistor measurement test that a resistive component is pfreseﬁt. However,
30 the same test can only partially assess whether the correct resistor is



XY | ocation of each pin, 2) the side of a board (top or bottom) on which a
20 conponent is nounted, and 3) infornmation as to whether a conponent 300
is surface or through-hole nounted. Since a short is a reflexive property
of finro pins (i.e., if pln Ais shorted to pin B, then pin Bis shorted to
pin A), a test suite's coverage of a short is 25 best assessed by
enunerating a short for only one of the two pins. Wien enunerating shorts)
it is possible that two pink within a shorting radius will be connected to
the sane node by a board's layout. As a result, It mght seemthat a
potentially defective short property goes snot exist between 30 these two
pi ns. However, a bent pin or excess solder could still exist) and -13 the
pins m ght tpresent (6.6, becatiso miresistonmeasireaent st ¢arinet determine As a result, a
short property can still be epunerated for these pins. é?é%qsone testers
can test forwhethel afesigior is $,63pen cympagitipnigsisiosA WE?‘@(SP“B tofy@y be beni gn.

However, thg tEfekistBrofh df‘ﬁ%f?f‘aﬁstﬁﬁj iability issue or process problem 5

in the past, electrical testers wmth'full nodal access to a board would
test each node for electrical independence fromall other nodes (unless

A'though ¢ hor ough oepey ey b8 Naded ol BaR e b ngT e Bt Karhls °\L
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necessaril y) sj oi nt . ating potentia orts using

proxi m ty- baxasopepeefioatinge FIG 1 15 net hod can better characterise the
shortsﬂgover age of these new technol ogies. An open (sonetines referred to
herein as a "joint open"”) is a lack of continuity in a connection.

Typi cal | y) an opA&msubset obthel présence psopestytihitheCastpresiént propeetyanipltiee when there
is an infinite diregct, .current i npedance between a pin.,and the board
node pad tOsmmy!etﬁatilglsgagmﬁ%eﬂngygﬂﬁgeﬁg&omﬁqu siofa, | ass of
resistive” paaMabtéded foPpreshe, tas dédikble INRBMeldaBbs fPmakesibect rical |y
invisible during test. For purposes of this description, potential defects

based on t hthat acompenentds petpresant onS hoad (egnirthe sasewhere given i ve 25
connec4g on LAS hal | of the FIG 1 nethod, the
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only qualitative propert I's enunerated is joint
quality" or sinply "quality". Joint quality enconpasses defects such as

e 1) s hes K deBRplich 610 BRAAGY a 108PRliteHE41S 16HbompBhéRY) 2nd SO o

correciness can only be made after (or at the same time) it Is determined
that the test suite tests for component presence. Ways to test for component

20 correctness include reading the identification (1D) humber printed on a
component using an Automated Optical-Inspection (AOIl) system, or
executing a Boundary-Scan test to read the ID code that has been
programmed into an IC.

25 Correctness may be judged "partially tested” when there is not
complete certainty that a component is correct. For example, consider the
previously discussed resistor measurement test.

Another fundamental component property is orientation. Typically,
30 orientation defects present as component rotation errors in increments of 90



-14 do not result in an inmedi ate (or permanent) open or short. However,
they indicate process problens and reliability problens that need to be
addressed. For exanple) insufficient solder can result in an open joint
later in a board's frfe. Excess solder on adjacent pins can increase the 5
capaci tance between the pins) to the detrinment of their high-speed
signaling characteristics. Inproper wetting or voids nmay lead to increased
resi stance in connections. Certain qualitative defects such as a properly
formed but cracked joint are very difi3cult to test. Yet, these defects
shoul d be considered in enunerating tlyge potentially defective properties
for a 10 connection. it no tester is capable of testing for a potentially
def ective prdegesdsy Thete are ebashbdriviivalsitat asestauite mighttdstforboar ci test
coverage is assessed. Wth respect to gpens and shorts) note that a

phot oni ¢ corffieptatiomdefsctso Fion exgpplecdn 90E§Y9§Q@6@9Fﬁ leplgfor g regjelrationput short s
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ref en~ed t o the oentationof pelanized chip eamachQr rAplerCircuit Tasb (IC Ty systers, opens and
quality)l. The EI G 20 hqd preferably enunerates all of these
potentiél I y"ﬂg&evgpfyb‘geﬂpgﬁbr‘?i @of%r a boarcl) and possibly others.
However, it is within the scope of this disclosure to enunerate | ess than

all of these properties andlor different properties. Furthernore, different
ones of the SO(~ThR eprapenent propegy phliveaess, ey CREYAPASSasmankiastors conponent s
andl or conp .ype = i ding to the
FI'G 1 ot pas deséaS T 6 BrBBhfint 6y FROC isthod, RS BRSRE 12t o) a
property scagrasslyfunrtionalkand do@nndt meanibat § coroponent performisonvelhdi cat i ve of

whet heg.a tes ud t f a potentiall e} (Y roperty. In a
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enough variance, in the test cpverage offere ifferent test suites. )n
one. anbodt meneE bp reasanalEaing (e, MRt ledt aceess raria dABS] weitong: Vi »

potential | y TAS @pirbiits WoRl Bdivl/O PInsWIrR BI&S. AR dssumptRALSTIC IifsHessal | Y
Tested, or Untested. So that it is easier to conbine these scores) they nay

be convert egovld afsarharmade if sna NANR aate)of 374R0 guad-NANP wes tepass@ Patial |y
Test edyg 0. fockuhisk, thE SliEchesty tebsureht bf a RSIsEHE VEIRAE idioalégf o detai |
later 1n fihr's description, two Or nore property scores can be generated
for the santhegrossmiundlidnalityalf acesistor (e.g pthetrgsistor ismot pracked,tor i s tested by
finro or no [ suite. In such instances, it should not be
assuned thain??r\hgwﬁzph?g?rég%med scores add to yield a Fully Tested score.
Such an addition can only be undertaken by 20 anal yzi ng the scope of what
is tested by each of the t tests. fault) it is therefore safer to
corbi ne two pr oHBﬁRfeifmééA"%?gfrﬂﬂ‘%ngg) ?mm_%!?%h?m'my?"%\fe exanpl e) two
Parti agg y Ts%zly slgf)wmpmt tHHl%s éiunterated i€ BorRpOerit Qlighinkdrit. & Partially
e .

Tested score G 4 illustrates the conbination of PCOLA scores

cor r espondi f¥ignment defegisingluge jaterpl dispiagement by arelatively small distanceConponent
Scoring 30 Wfewid ok n i enuner at ed,
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generate a Plagabubisaihenits siserrather thepjfiusia with jal koasd). Alignmeniifferts = dps(P) +

dps(C d C WAL TYA b
coni ped t oo orbniHRoh it 4 Adhindrd it ia) noERBOR N PiAREI'C) OF o ¢ est
sui t e'25 conpifendtionond maayche indisativenafracdggenBrativel prozepe pmblensopa es f or

different test sui and t he sane boarcf may be conpared to determ ne the
relative te@"'@d@'@’g@e" M- cach suite provi des for the board. These
conparisons nmay then be used in selecting a 10 test suite that provides

adequate test c erab%g for a board. Note, however, that the test suite

of fering the "bebtealoygcompanantpropartion. iegethesargteferrgd tqattimes such as: tinme
needed for | B PCSONSA [ S Wyas| =Tc ion, etc. Board
conmponent s@g'r%g?drrlgyg/ PaI SO ngggmgﬁhﬁ%?&?hgoﬁc%%%é o% atg%nﬁsti ng the
makeuBhf aliveness and alignnrant). € Ge) mathed prefarably ebbmeesftesall ofs bei ng not ed
"inthe field") additional tests for this detect m ght be desired. Boarct
conponent scores may al so be conpared for a~ given test



system In this manner) it is possible to evaluate the robustness of a test
20 systemin its ability to test different types of boards for the sane
types of enunerated defects. Connection Scoring 25 If the SOQ properties
are the ones that have been enunerated, then the property scores (cps) for
a given connection (c) may be conbined to generate a "raw connection score"
(RCS) as follows: 30 RCS(c) = cps(S) + cps(O + cps(Q -17 I ndi vi dual
connection scores nmay be conbined to generate a board connection score
(i.e.) an indication of a test suite's connection coverage in general). 5
Simlarly to how board connection sc L s may be conpared for different test
suites and/or boards, board connection scores .my al so be conpared. 10
Gener ati on @liesBrdétmrhw déteétive profiertivy foya maﬂtﬁan@p@@mpmmm fromthe tests
of a test suite. For each test, it is determned 1 ) what conponents and
connect i ons mmve@ftewme@wopn@ftr@%@'sc!aﬁueﬁq emynerata less than@dadnt i al | y

defective p ﬁ&qm ﬁw e ested by the
test. Foll ogﬁg p&ée o exedrh% aripiJ ormﬁS rﬁl%l%@?g@%sf%f; fromtests.
Un~ower ~ed M@OLEIpwmeriycsat c&%beeﬁ@mé’iaﬁadmkum‘eremgcdabomems ons may be used

by an unpower ed anal st sy Test statenent: For analog in-circuit,
this i s?thed® BFQ‘E"IP ?8 HB&???P nt statenent that performs the
nmeasurenent (i.e.) "resistor"). If the test generator cannot wite a

reasonable test) then it coments the neasurenent statenent in an anal og
in-circuit test. Device limt: The tol erances of the device as entered in

board 30 topol ogy It ﬁlﬂ_l@%orJl. " ggh and low limts of the test as
specified in the tesh‘é“%‘m?@émm%gﬁnﬁrgh and low limts need to be
consi dered separately) for si rrpI|C|ty) they are treated collectively in the

]]: 8!5192V\4¢gmroglr gs Al hougﬁﬂ\ae Q&ce& o?"in{: }blet gésnt\r')sonentsu ﬁas a readsy)b capaC| tors,

introduced, intangible component properties deserve further discussion.
Intangible components will usually be related to tangible combonents by the
addition of one or more activities. In the context of a flash memory or CPLD
download, the activity is an on-board programming process that installs bits

15 into the relevant tangible component. Once identified, intangible
components and their properties may be treated as part of a-board’s
“component space” for purposes of characterizing board test coverage.
Many of the component and connection properties outiined above will not
apply to intangible components. For example, only presence and

20 correctness (i.e., programming presence and programming correctness)
would be applicable to a flash memory download.

Properties by Component Type
25 '

Although the PCOLA component properties are believed to account
for 80% or more of a component's potentially defective properties, some of
these:properties may be meaningless with respect to panicuiar component
types. If a property need not be tested, then it need not be enumerated. As

30 a result, one embodiment of the FIG. 1 method enumerates different



i nductors, field-effect transistors (FETs), diodes, and zener diodes,
score: Presence (P): ff {test statenent not commented) then P = Full 10
Con-ectness {C): if (L > Untested) then C = Partial Liveness (L): if (test
[imt < 1.8 devil limt) then L = Full, else if (test statenent not
commented) then L = Partial 15 20 Orientation (O: If ((test type is D ODE
or ZENER or FET) and (L > Untested)) then O = Full Shorts {S): if (P >

Unt ested) then Mark Shorts Coverage(Node A) Node B) Opens (JO: if (P >
Unt ested) then device's pins score JO = Full 25 The Mark Shorts Coverage
routine marks any adjacent pins {NodesfA Node B) as Fully Tested. This

i ncludes pin pairs on devices other tl]an the target device(s). For

t ransi st or s ppientiallyi defective propesties fondifféient'cdnmysdnent types.e: 30 35 Presence {P):
if ((BE diode statement not conmmented) and (BC di ode statenent not
commented) then P = Full, else if ((BE diode statenent not commrented) or
(BC di ode statenent not comrented) then P = Partial Correctness (C: if (L
> Untested) then C = Partial Liveness (L): if ((BETA test statenent not
comment ed) and - 19 Rrégperiles bysPa¢kage(Typel. 8 * BETA devil limt)) then L =
Ful 1) se if (BETA test+statenent not commented) then L = Partial 5
Oienatfon (O: if (L > Untested) then O= Full, else if ( P > Untested)

then O = Full Shegrhétirés] compbfertyisansy Aot baddownebitiit may ded col | ect or
joints are included in the above tesl{)i_f,or di odes. 10 In the above scoring)
(

note that BPO§Sielq idapkfy pagkagedynas. 5 tha case; the)FlBed methedmay j unct i on

tests that ; ibd) 1 '%]‘gﬁ is used to
test the j u%ﬁ?ﬁ%ﬁ?@iﬁé@ﬂ%@é@ tﬁg?eglﬂ% Freogtemsegg?redrﬁ:ﬂeﬁ e?su es the current
gai n of t hetypes(rince compoment types Ganioftérebeinferras foom packagadypeasir rent . For
part I,i(fnriari es) including but not limted to resistor packs) each child's

scores y be used to assess its parent. Thus, 20 Presence (P): P = <the
best presence score of any child> Correctness (C: if (L > Untested) then C
= Partial Liveness (L): if L ildr{,enlivetestedfully equal s 25 total
nunmber of children) 0 19 se if (children live tested fully >=1

) then L = Partial Oientation {O: if (L = Full) then O = Full
A “connection” is (typically) how a component is electrically connected
15 to a board. As a resuit, connections are formed between component pins
and board node pads. For purposes of this disclosure, the word “pin” is used
as a general reference to any means for connecting a component to a board,
including pins, leads, balls, columns, and other contacts. Both soldered and
press-fit components comprise connections. A particular component may
20 have zero or more connections to a board. For example, a resistor has only
two connections, an IC may have hundreds of connections, and a heat sink
may have none.

A speclal Instance of a connection is the photonic connection (e.g., a
25 connection between light emitting and light receiving devices, or a
connection between a light emitting/receiving device and a photonic
connector or cable) . While not an electrical connection, a photonic
connection is nonethe!ess used to transmit signals. Thus, gn a board where
an optoelectronic transmitter is connected to an optoelectronic receiver by |
30 means of a fiber optic cable, the transmitter, receiver and cable would all be



!

30 Shorts and opens coverage on pins of child devices are included in their
subtests. Note that children live tested fully equal s; the nunber of child

devices scoring L = Full. Also) total nunbed of children equals the tota
35 nunber of child devices and does not include "no test” child devices.
"No test" devices have an "NT" option entered in board topol ogy. -20 For

switches {threshold test - m ght have subtests) and potentioneter 5
(resistor test with two subtests)) the following rules may be applied after
all subtests have been scored according to previously provided rul es:
Presence (P): P = <the best presence_z_pre of the children> Correctness
(O: if (L > Untested) then C = Parti 10 Liveness (L): if (subtest tested

ful'ly equal scontfomentaLwitiethexdabfe tiivirfi & sorineetior-at-eachlof its 8hde i f (subt est
tested fully >=1) then L = Partial Orientation (O: O=1L 15 Shorts and

opens coverage on pins of tested devices are included. in their subtests.

For capacitors i %%gg%@wn acﬁﬁm{ol&he\gﬂﬁglggﬁﬁugrg%ysathgg*ad.éapaci tance 20

25 is the sum of ce val ues, ea I'S ev ted as foll ows:

PL esegce l(: Pl)bl'oa'stdhs a(rét"mhsn)mg@]@l” E»gfabé valuabw&:m%dm@nsa éri;rﬁé%t)nte’d (uhCO theim. | OW( :\|Io (rjri t )A)
t hen = FU orts o >Unt est e t he r orts verage e ,
Node~B) SOpe ﬁ@wea'ds:a*émeﬁﬂmwg? ap e ﬂ@ﬂg M%%(&:Q-i hrrteseeens. JO=Ful | 30

35 I'n the ahpyaaktalivetens likedhpropes thdradtbhisticimpédart 'tﬂihﬁfnsicitﬂ"at of the

accunul ated tol erances of the capacitors, along w t he expected

nmeasur enent boarbatdhetimeicempenents gsq placed.sel f (and test low linit is the
opposite). Device hfgh limt is the positive tolerance of the device being
tested; added to its nominal value. Node A and Node B ar those nodes on the
capaci tor pins. Dndne émbadimentaidhe BIG 1dasthod; the furkdamenatdl pripertiesor Presence

r -21 eligible for Joi r n in n rage. Parall el
e i 16t B cBhfed:ibh c3brte: T oo ahd dikigPens coverage. Paralle

A short is an undesired connection. Shorts are typically caused by
attachment defects such as bent pins and excess solder. As a result, shorts
may be enumerated using a proximity-based model (see FiG. 3). If two pins

15 (e.g., pins A, B, C, D, E) are within a specified "shorting radius, r*, then there
is an opportunity for them to be improperly connected, and a short between
the two pins should be enumerated as a potentially defective property of a
board. Proximity-based shorts enumeration may be undertaken using 1) the
XY location of each pin, 2) the side of a board (top or bottom) on which a

20 component is mounted, and 3) information as to whether a component 300 is
surface or through-hole mounted.

Since a short is a reflexive property of two pins (i.e., ff pin A is shorted
to pin B, then pin B Is shorted to pin A), a test suite’s coverage of a short is
25 best assessed by enumerating a short for only one of the two pins.

When enumerating shorts, it is possible that two ping within a shorting
radius will be connected to the same ripde by a board's layout. As a result, it
might seem that a potentially defective short property does not exist between

30 these two pins. However, a bent pin or excess solder could still exist, and



not eligible for the remaining properties of Correctness, Liveness and
Oientation. 5 The inplications of this rule for bypass capacitors is that
only large, |owfrequency bypass capacitors will receive a grade for
Presence. Small, high-frequency capacitors wlll score Untested for

Presence. For exanple: 1. Consider Cl = 500 nF in parallel with C2 =100nF)
both with 10 10% tol erance. For Cl, 680 - 550 =110 < 540) so P = Full. For
C2, 660 -110 = 550 > 540, so P = Untested. 2. Consider six 100 nF
capacitors in parallel) all with 10% 15 tol erance. For Cx, 680 -110 = 550 >
540) so P = Untested for each capacitgg. 20 TestJet~ Test TestJete tests
nmeasure) for each pin on a device, the capacitance between the pin and a

sensor pl at ethélpﬁfseﬂlgﬁMﬂérefdre beahbred pearkingpprofidate nednnieheApianesulff t he device
can be omtted fromtestin Test Jet tgig hare 25 scored for each tested

devi ce as: F&sharhereperhy can still beenumerated for these pias. BNy 0mIe testers=y | | 30 Opens
(39 11" { Gl s Mortuch Sl oertd b K 888l b (. access

a TestJet neasurenent 1s na a series resistor connected directly
to the devi ddowsweerthe defiect raightwauncofta rpliakility jssue oeprosess problest.i es resi st or
are inplicitly tested. The TestJet pin neasurenent can only pass if the
series Pesist4r is present and 35 connected. Thus, the Presence of the

series resistor yfnargakse eldeficaPteSlers Wit ull nodalateess ® £bodrdwduftst ed pin

(i.e., Pfor resistor = JO score of the tested pin). Likew se, the Joint

Open propertt9Stf9@ﬁh@Qdﬂfqmelﬁcmcat'ﬁdempgﬁ%fmm§||lq1iﬁ!ﬂfl"@idﬁﬁWmﬁsﬁttbﬂ’eby a test

f th h ts th
30 scorb of Ko SdtsghA A5 ol midhE b§ BigEry SASRAN: Mungleg?,  (1EG! B )
Thus, in a Rheroagh, ahasastestera/testedrimra lot pfr shods that svesé highly rwsobabte

tradit |1

tLZr lafla gap\{?é ﬂrbgg%gtﬁ'g vﬁ%{ﬁeﬁ%{&e %?gﬁézwm% qlé@ﬁé%gggasﬁ aPoI arl ty Check
10dA Pol grl tbpaﬁ’ﬁﬁdfdés&ﬁsf s tm&umblhmhedmmtwhml?gnesgavé orisemfbt i pIt et capatcu tO{ S
and may be scored as fo resence evi ¢ at ement no
cormen%/ed) detacting ES" @ny@fdﬁﬁqtgﬂgrgﬁlc;qg# f("@)‘ ppu?ﬁ@p@g) st statenent
not comrent @féheé@ﬂtﬁbsa&mhéts%n@fdauﬂmhotTmbssdmmu}aﬁt gyreck test

usual |y contains subsets for nultiple devices and K!be scored as foll ows:

25 Presence mmmmg{m&miebsmagmswa&MMwmﬁerém hef1G.Aen P = Ful |

15 method can better characterize the shorts coverage of these new
technologies.

An open (sometimes referred to herein as a “joint open”) is a lack of

continuity in a connection. Typically, an open is complete - as is the case,
20 for example, when there is an infinite direct current (DC) impedance between

a pin and the board node pad to which it is supposed to be connected.

There is a class of “resistive” connections that are not truly open that may be

electrically invisible during test. For purposes of this description, potential

defects based on these resistive connections are enumerated as qualitative
25 connection properties.

In a preferred embodiment of the FIG. 1 method, the only qualitative
'broperty of a connection that is enumerated is “joint quality." or simply
“quality”. Joint quality encompasses defects such as excess solder,
30 insufficient solder, poor wetting, voids, and so on. Typically, these defects



Qpens (JO): if (P > Untested) then tested pins score fJO: Ful Il 30 Magic
Tests A Magic test is one test that contains nultiple device tests. The
-23 5 scaring below will depend on the fault coverage nunbers cal cul at ed
for each device by the conpiler. A value of "2" for a particular fault
means the fault is both detectable and di agnosable. A value of "1" for a
particular fault neans the fault is only detectable. Presence (P): if
(OpensDetected >=1 ) then P = Full Correctness (C: if (L > Untested) then
C = Partial 10 Liveness (L): if ((VeryH gh >=1) and (Veryl.ow >= 1)) then
L = Partial Orientation (O: if ((tesi glype I's FET) and (L > Untested))
then O = Partial 15 Digital In-Crcuit Tests Digital In-Crcuit tests

(excl udi ng ReiHot pssit e amimmeciai(or perivemteit) 0peR Or shicrh Hewever,lthey | es of t est
vectors, and are often nodified in light of board to GOl ogy. For a Digital

In-Gircuit tdigate progpseprblemsoikistiakiiy probjams thatnegdtohe scored as fol | ows:
P P | t C
oSN (Pl o, (AR AR il 1o (O
out p:,ltz B;)g?ihadaﬁmgmenE@essBolderBﬂal(ijauanmc(dn)mcra&se(than out pu'([js(

t ea> en I N I an In
tgggl edy t h&AP W%W”@S&WP&?@R ‘iP%’UPB&R’é’%’BUQ g npl s

i nput) and Gﬁhﬁc{eﬁmﬂse%brdpﬁﬁﬂeﬂnﬁbor Vaias iy m tbnnéra@seahemetaheé mul as) pin

outputs toggled is the nunber of output (of bidirectional) pins that are

tested for irecarinecianshiGantaimaualitalive defesissuch as apropgrivfopmed bigens are
preferably @Fa\éﬁéd@ﬁwg[agéj\rla eﬁfﬁ%ﬂhﬁ%&t POL{ ilﬁss%‘e shouid py!! t si mul at ed

patterns are extr some st vectors nmay have been
di scar ded dnensldarbcblmémgtimraimg:thafplotemally(dnfg:t)letprmérqmsrfspa 5 Boundary- Scan

geffzﬁi {36) ;J gg?;é erc@ @Bp%srtgruistcaﬁaeﬁet of tegtar%é i%? a Sbg%%ﬁgllyaéefeséﬂ%l e digital In
property, it is best that this is revealed when board test coverage is

assessed.

With respect to opens and shorts, note that a photonic connection
15 would typically be susceptible to opens, but shorts would only be possible
between other photonic devices, as could occur if cables were swapped.

The above connection properties, together, are referred to at times
herein as the SOQ properties (l.e., shorts, opens and quality). The FIG. 1
20 method preferably enumerates all of these potentially defective properties for
a board, and possibly others. However, it is within the scope of this
disclosure to enumerate less than all of these properties and/or different
properties. Furthemmore, different ones of the SOQ property set could be
enumerated for different components and/or component types on a board.
25

Property Scoring

According to the FIG. 1 method, for each potentially defective property
30 enumerated, a property score is generated. Each property score is



10 Al Boundary-Scan tests include TAP (test access port) integrity tests
that ensure that the Boundary-Scan control connections and chain wiring are
wor ki ng. Thus, each test covered in subsequent sections will cover ali
defects related to this test infrastructure. For each device in a Boundary
15 Scan chain) the follow ng scores are given: Presence (P): P = Full
Correctness (C): if (Device has an ID Code) then C = Full, else C = 20
Partial Oientation (O: O = Full 25 Liveness (L):- L = Full Opens (JO: For
TCK, TWMs) TDI) TDO pins) JO = Full; For TRST" and conpliance enabl e pins,
JO = Partial 30 Inplicit Coverage: Ch_qg_lg all TAP and conpliance enabl e pins
for inplicit coverage of series conponents (see "Inplicit Device Coverage"

later in thipdicatve ofwhethor.a 185t Suite tésts1fee &t potertially defecive: prépertys (JO) . For
each tested pin, JO = Full; -25 For each fixed highllow or hold highllow
pin, JO = Partial Inplicit Coverage: Check all tested pins for inplicit

For cach Lested o oMRoSCRY Ssiggfta folb ey PEREIN Rbiy BREL R ohi | b

For each tested pin eac I"ow or hoI d highll ow
pi n) JO = Paested forSbonats HoWever suctaé IsianeleeoringsmﬂoftemlRo Bkposes Cover age() .

Power ed .nodes sh I be .adde othis ilst 15 short between
Boundar y- Sca?f’or‘l'g 'B%@e&éﬁ&?@? Qﬁﬁée%é‘f 8@?@9&' %3‘ %ﬁeﬁ Micit

Cover age: Chaﬁlfoomhbnttmhem@mrmm ataetsmtdrswmjme peienﬁsnyl es conponents.
20 For Buswire Tests, scqore: Join each tested pin, JO =

Full; For e fefeqtive pEORAry S perred as: hﬁ!%’ Tﬁs&m |P)&Wlaﬂy%95t9@) or Ynjestag.; j a _
|1 ¢ COVSS P Rl 9 B R iy B bimfigetage of ser es

conponent s. Power ed Shorts Tests) Sco orts ( For each

unnai | ed nodwmericabeiivalens,suchasi | i con node B I\/ark Shorts_Oover age (A, B)
35 | npl hCIt Coverage: Check all tested pins for i nplicit Qoverage of series
corrponel A si on ail test tgests a target non-Boundary-Scan devi ce.
For these tests, %,% %y be sgored identically to digital In-Crcuit
devi ces. Thus) 4@ s£ each Boundary-Scan pin used to test a

t ar get

15 As will be explained in greater detall later in this description, two or
more property scores can be generated for the same potentially defective
property if the property is tested by two or more tests in a test suite. In such
instances, it should not be assumed that two Partially Tested scores add to
yield a Fully Tested score. Such an addition can only be undertaken by

20 analyzing the scope of what is tested by each of the two tests. By default, it
is therefore safer to combine two property scores using a MAX( ) function.
Thus, for example, two Partially Tested scores 400, 402 (FIG. 4) combine to
yield a Patrtially Tested score 404. FIG. 4 illustrates the combination of
PCOLA scores corresponding to ICT and AOI testing of the same

25 component.

Component Scoring

30 If the PCOLA properties are the .ones that have been enumerated,
then the property scores (dps) for a given component (d) may be combined
to generate a “raw component score” (RDS) as follows:



-26 device pin, JO = <inherit JO value of target device pin>5 Inplicit
Coverage: Check all tested pins for inplicit coverage of series conponents.
Anal oo Functional Tests 10 15 20 25 Tests that apply to a device wl|
receive PCOL and JO scores. Tests that apply to circuit function may be
considered 'intangible' and scored as such. Presence (P): if (device test
statenment not commented) then P = Full In the above case, the device test
statenent can take a variety of fom~s. For exanple, many anal og powered
tests contain calls to nmeasurenent subtexts. Qther tests do not contain
subtests, and take only a single neasqg.enent. Various criteria wll
therefore be required to determ ne whether a test source is commented. For
exanpl e, for tesRES(Hadps(Ptidpx&) ¢ dp{Dorgrs(lar drsfA) ook for uncommrent ed
"t est staterrents and for tests not havi ng subt ests) the conpiler can | ook
for uncommented 'neasure" or 'report anal og" statenents. The remai ni ng PCCOL
and JO properti aadmamMeﬁpbwaes‘mby Dd\/&bmﬁmdwgmte(aﬂ)mrdf (L >
Untested) the C = Partial 30 Liveness (P > Untested) then L =
Partial Ori GPMB@Res: seanp {i.6.fan mdwamnefﬁféaystﬂtﬁémponﬂm qov@f?@ﬁgn(m) if (P
> Unt es§ ed)g %39 JO = Full fpr tested pins 35 Note that the above
Correctness®an Il)_l veness scoring assunes that tests perform neani ngful
measurenents) of a device's functions. -27 Wth respected to Joi nt Opens,

rosurt, connect R PERben R RE T EliartTed sBH A 5 BeTail scr a1 o

coverage | fntab(be&»htpeséd todetariniirid thi rélmimeetaddveﬁganhbﬂeacn@une:omrent ed. 5
Coupon Tests coupon test i.s assuned, to be d. That is, the 10

manuf act ur i H@Vﬁﬁﬁ&fége paargs JHeeR;corBpanisens Mmay %b%H '"tﬁ?@cﬁ%ﬁencr ng of
devi cefy dur {dafe filedh ef&!edh% Qtéo%l‘a?e 1o bodr8P Netes; Roelere 1S defined

as the device actually being tes epresentative represénts
"const i tuenthatmmmhapﬁemmgebeahmovamgngnamt@a choben degptoesent ative i s

scored acco i tituents are
scored 15 afs%??Fﬁ& ést r r ec dnegggr% %Uﬁ&ggﬁéﬁ? é"tYlgn eq%%{bt?t the C grade: of
t hei r repr eplraentation, 2. | Board comporieant smreﬁ:masral@ebe compared for
the purpose of adjusting the makeup of a test suite. For example, if a certain
15 defect is being noted “in the field”, additional tests for this defect might be

desired.

Board component scores may aiso be compared for a given test
system. In this manner, it is possible to evaluate the robustness of a test
20 system in its ability to test different types of boards for the same types of
enumerated defects.

Connection Scoring
25

If the SOQ properties are the ones that have been enumerated, then
the property scores (cps) for a given connection (¢) may be combined to
generate a “raw connection score” (RCS) as follows:

30 RCS(c) = cps(S) + cps(O) + ¢ps(Q)



Some devices, due to limted access, are not directly tested by a tester)
but may have properties inplicitly tested (e.g., when a seemngly 25

unrel ated test passes, and it is can be deduced that the test cannot pass
unl ess a non-target component is present and connected. If a test resource
is connected to a tested device through a series conponent such as a series
termnation resistor) then the presence of that 30 resistor is inplicitly
tested by testing the tested device. Thus, _2g_ Presence (P): P =
<presence score of tested device> if a test resource is connected to a
tested device through a series conpongnat such as a series tem-ination
resistor, then the open properties of 5 the resistors pins are tested by
testing the testlnadiviteal conneTlinn snoees pay pe combinedrto garerstera beardonponent

inherit th f th ' el . JO = <
Score of 1o goumaley FRES ot BolEMT R EPY Eltes AtbeekRemifin 7o, S°Rar
systens Ioo@eaérag.ense obj ects on a board, such as |ead solder 15 joints and

the tantalum slugs within certain capacitors, sone of which may be
pol ari zed. AXlI systens can also rate joints for quality. An AXI system can

al so cogrel ate 0. ) ¢ 5Sing device or
an al i ghnent pr%%%Hpﬁﬁ&éﬁ%d%ﬁPgrs%%W%ﬁ?%ﬂé score JO = Full
Presence ( PHifferdént tdst spitessaraiiordbodnds, beardrconnédtiondcares nay aled bé ed, then score
P = Full for the device 25 Shorts (S): for each viewed joint pair, score S
= Full AligRA®RRedA): if all pins of a device are viewed and correl at ed,
then score A = Part(al for the device 30 Joint Quality (Q: for each viewed
joint, if either insufficientlvoid or excess tested, then score Q =
Partial) else if both insufficientlvoid and excess tested, then score Q _

. Ful | 10 35 For taphéhi biPEadrescore P = Fuil if the capacitor is
viewed} and .29 (O = Full if the capacitor's

pol arization is viewed. Wiahtina Structures 5 it is sonetinmes desirable to

manner . hore. or PREERY fPe ArcbadPah e iefot KA AGE RS 1St coverage
for differetdst,Wiedetermied 1) WhEbegmpenents rat-corinectitdrisginé seferenced by
the test, and 2) how well the potentially defective properties of the
15 components and connections are tested by the test. Following are some
exemplary formulas for deriving scores from tests.

Unpowered Analog Electrical Tests

20
The foliowing definitions may be used by an unpowered analog test
system:
Test_statement: For analog in-circuit, this is the source-level
25 measurement statement that performs the measurement (i.e., “resistor”). If

the test generator cannot write a reasonable test, then it comments the
measurement statement in an analog in-circuit test.

Deviée_limit: The tolerances of the device as entered in bdard
30 topology.



If the PCO.A properties are the ones that have been enunerated, then the
property scores (dps) for a given conponent (d) may be conmbined 15 in
accordance with conponent property weights {dpw) to generate a "raw
conponent score” {RDS) as follows: RDS(d) = dps(P)'dpw(P) + dps(C) ~' dpw O
+ dps(O"dpwm(O + dP~~)'dPwW ~) + dP~A)' dP~A) 20 In one enbodi nent of the
above fornul a) the conponent property weights are five fractions that sum
to 1.0. The fractions may vary for different conponent types (or for

di fferent individual conponents - e.g., when the conmponents within a type
have a great deal of variance): For exgnple) 25 the Oientation weight for
a resistor can be assigned a conponent property weight of 0.0 since a

resi stor is non-Jestiimitedhe kigheanddowhimits of theltest asspgiified in thedestesi st or' s

ot her property weights. The opposi.le | e for. i ode e Orientation
may be giver® e ‘iﬂﬁfﬂg? 5195@"83?)” hwﬁggg%fogb%?&%%r%?%qﬁ@t\é& gﬁt be

assi gned f orgifphditg! BBy afefSREEEdllectivedsinithe fdllbwingrakesd in FIG 5. Note that
for each conponent type) -30 the qualitative property Alignnent is given
a property weight of 10% Since an In-Circuit test system cannot test for
al i gnmegt, an | ng(d et : ; I est provide
90%test@ coverage]:g}’é@d%Erj B‘é‘g& n%@é‘%@ﬁ{&aﬁégg@é%&?grﬁqgﬁ%ﬁas Ad woul d
be needed t dnduptord, field-effed transiSters (EETs), dindles; arglkzenar diodestscare: At est
system can al so test for Presence, Correctness and Orientation, it cannot
test for Liveness. As a,result) an t egt stem en al ) cannot
provi de 100%tes§"’?§?\9§?¢' for Qeﬁteéﬂ%fm?@f‘gme?éé?éeﬁﬁgggﬁoperty

wei ghts attribute 90% of a conponent’'s 10 weight tg its fundanental

proper fiPes. Thi s CorestpesyiQ): nalf (loa Usdestedthen G Patidled across a conponent' s
rel evant properties. Thus, for polarized capacitor s% di odes and digital

| Cs) equal weighlivesessi(kkn to IP{teslelimitx BT devieadimit) thenileniFalli on and

Li veness. However, for non-pol elsé fétest_staterentinot commented) thenilke SMr
resistors, the Orientation proPBantiay i s gi ven 15 no weight at all. Conponent
Type Wabghts 20 Conponent types nmay al so be weighted, thereby allowi ng a
conmponent type t Qribatagion (D): nor it ((Gest | tysesisiDIDDE e ZENER enFES ands(Lng boar d
test coverage. Consider, for examnpdsted)pthend €Foilt h 1000 surface- nount
resistors that have a failure rate of 100 PPM (parts per mllion) and 100
di gi tal conponenghoitg): have am(R»améed)ithersount of 500 and a failure rate
25 of 500 PPM A nanufact ur er Mafk_iShisfts YCdveratie(Node2 RO NodBag) | Cs nore than
bad resistors, even though there are ten tinmes as many resistors on the
board. Wi ghting . nore yi bd) thérfdisvic ajp garginal ly
tests the ICs too}pggitﬁ'rse thfaﬁlﬁa l{d(g?s%%é)ﬁgt testefzs ?@Eﬁ%ﬁ&gm y.
Conversely, not weighing the ICs nore heavily wll cause a test suite that

thoroughly tests the resistors 30 to | ook better than it really is.
25 The Mark_Shorts_Coverage routine marks any adjacent pins

(Node_A, Node_B) as Fully Tested. This includes pin pairs on devices other
than the target device(s).

For transistors (two diode tests and one BETA test), score:

30
Presence (P): if (BE_diode_statement not commented) and
(BC_diode_statement not commented) then P =
Full, eise if (BE_diode statement not
commented) or (BC_diode_statement not
35 commented) then P = Partial

Correctness (C):  if (L > Untested) then C = Partial

Liveness (L): if (BETA_test_statement not commented) and



-31 One way to assign conponent type weights is to nornmalize a board's
conponent type failure Pareto diagramonto a unit weight of 1.0. Another
approach would be to use a uniformdistribution (e.g., when no failure
‘history is available). 5 if conponent type weighting is used, then a
conponent type weight dw(t), where t is a conponent type, may be factored
into a conponent's raw score as follows: 10 RDS(d) = dw(t)*[dps(P}*dpw(P) +
dps(C) *dpwm C) + dps(O *dpw(O + dps(L)*dpw(L) + dps(A) *dpw(A)] Package T oY
a We~hts 15 If package types are known, package types nay be wei ghted
simlarly to how conponent types are wgighted. 20 Popul ation Adiusted

Wei oht s Under the scoring and wei ghting systens disclosed so far, it is
difficult to conpare board tes(BEDAdestglimit sdt&SBETA_deévideclimit)) boar ds. For
exanpl e, a board with a handf uthenflL € Fofhceleif (BETAI tesinstatementinotni ght recei ve
a board 25 conponent score of gSMmenteed) tiem lo=Pagiall Wi th t housands of
conponents and connections m ght receive a score of 20,000. At first

gl ance, gone m gh hat I 4 i test cover age.
Yet , if5t he maxi Fr)uﬁ%ﬁac |g\)'abl e$%‘£§%$%§@¥?' rgﬁll'%ﬁeﬁlﬁ(?s 110) and the
e nd boar

maxi mum achi evabl e score for t sec is 30,000, it becones clearer
t hat Zest coverage 30 for the second board is not as good. -32 To nake it
easi er to conpar Shbsiand bperis coversgaamn lsasel emitter and collectypjcintaaee i nt r oduced.
The first is t&gd of a " efi ned herein) a Range defines the

Range" .
bwest and hi# 'Pé@ﬁamgg%@aé"@z s that any board may receive.

Prefergfly, the high end of a Range is selected such that a 5 high degree
of granularity in scoring is possible wthout frequent resort to the use of

fractions. For eluhpiabpve seoringnpeletnt BE (hasp/emitan@bBE score might be 0 to
100, 000, a”gbéib‘?dcdvﬁm@?tﬁﬁ téﬁ% afd b@gg@goﬁ%ﬁht SHbcR96F the P}dé%?hcébﬁﬂebe 0'to

100, 000. A Doar pertect test coverage wou erefore receive
t he scones: dedisel@dicdtesB€nsad o R8Otheljunationr Alsginotenthdd t hat many boards

h i gh d ' be eligi bl
for a pert oHE G vl Sepret medpon e ulfbs BB AT bbbl b T ngr s also

i ntrodysed. different values of base current.

For part libraries, including but not limited to resistor packs, each
child’s scores may be used to assess its parent. Thus,

20 Presence (P): P = <the best presence score of any child>
Correctness (C):  if (L > Untested) then C = Partial

Liveness {L): if (chiidren_live_tested_fully equals
25 total_number_of_children) then L = Full, else if
(children_live_tested_fully >= 1) then L = Partial

Orientation (O): if (L = Full) then O = Full

30 Shorts and opens coverage on pins of child devices are included in

their subtests.

Note that children_live_tested_fully equals the number of child
devices scoring L = Full. Also, total_number‘__of_childfen equals the total
35 number of child devices and does not include “no test” child devices. “No
test” devices have an “NT” option entered in board topology.



Wth popul ati on adjusted wei ghting) conponent weights are adjusted 15 in
response to the popul ati on of conmponents actually on a board. Consider a
board with 1000 resistors, 100 digital 1Cs, 200 capacitors arid no other
conmponent types. The weights normally assigned to other conponent types can
never contribute to the board' s test coverage scores, a perfect score for

t he boarcl would al ways be wel | under conponent and connection ranges of 20
100, 000. To redistribute conponent weights with respect to popul ation, the
foll owi ng procedure may be followed: 1. Let N be the total nunber of
conponents on the board. 25 2. Let n(4g. be the popul ation of conponent type
t (ranging from1l to N). 3. Let dw(t) be the conponent type wei ght of
conponent type tFdéndwitches (threshdid test Smight haye $iibtests)dand Bdtedtiorketer al | t) Sum
[(n(t) " dwmt)],and call this the. c onent. wei ght adjustger” . A This
conponent %%%Pré?ﬂt ﬂ’g&'g’?’o Pgaf"ﬁﬁl' &hﬁ'?’ wigg "flﬁ%mﬁgﬁﬁl aﬂ#'ﬁ‘i aﬁ?’ Ponponent
types on a gimestshavs BeersScdred Bedording to/ pravioasip previdedhulesal cul ate a
conmponent score, DS(d) -33 as: DS(d) = RDS(d) * Range * dw(t) / A 5 By
foll owi ng the above procedure, a board's naxi num possi ble "board conponent
score" &ill al wapresarcedfilal t P elvéhebesypresenee seare of thexhildreddponent score
(BDS)) however, may be calculated as follows: BDS = for all conponents d,
Sum [DS(d)] 10 CogmextnessiCRr ofitiLy> Walestetstheh G adaftiad properties are the
ones that have been enunerated, then 15 the property scores (cps) for a

gi ven connect i on j(énes§@Y): b€ CafidLmest todterC fiflly@qaaee W th connection
properjy weights (cpw) to gengpml fumbef B SuBHRRY the L. EFMICelsd [fDS} as

fol lows: RCS(c} = cps(S)*cpw %uﬁegp@g@j* _Qh)iheﬁﬂ§(=@a’ﬁmy\((?) 20 I'n one
enbodi ment of the above fornula, thé connection property weights are three
fractions that ; . Theytnactions may vary for different connection
types (e.g., el Z‘gﬁ%ﬂéﬁﬁ'o’b@g?su?p%toni c)) but need not. 25 Connection
property weights may be chosen to reflect a property's inportance. For
exanplH in todasShmts3iill dpenk coverage ompins ©f testedodavioesrare inciudedah ent  t han
shorts) so ﬂ_{%ens fagshbe wei ghed nore heavily. Note that zero or nore shorts
may exist fHETSURIESE, connection. 30 Property weights therefore need to be
adjusted with respect t the popul ation of possible shorts for a given

connection. This_my be done bg/
For capacitors in a parallel network, where the equivalent capacitance

is the sum of the device values, each capacitor is evaluated as follows:

20
Presence (P): if ((test_high_{imit - device_high_limit) <
(test_low_limit)) then P = Full
Shorts (S): if (P>Untested) then
25 Mark_Shorts_Coverage(Node_A, Node_B)
Opens (JO): if (P>Untested) then both connections score
JO=Full
30 In the above formulas, test_high_limit is the higher limit of the

accumulated tolerances of the capacitors, along with the expected

measurement errors of the test system itself (and test_low_limit is the

opposite). Device_high_limit is the positive tolerance of the device being

tested, added to its nominal value. Node_A and Node_B are those nodes on
35 the capacitor pins.

Only those capacitors determined to be tested for Presence are



-34 taking the weight normally assigned to a single short (e.g., 0.4), and
in the case of no shorts, adding this weight to the weight for the Open
property. If one or nore possible shorts exist, then the weight for shorts
may be distributed anong the possible shorts by dividing the weight fbr a 5
connection's Short property by s) where s is the nunber of possible shorts.
This concept is illustrated in FIG 6. Board Test Coverad4e 10 FIG 7
illustrates the nmanner in which board test coverage results m ght be
reported to a user. Note) however) that FIG 7 is nore of a conceptual

| | lustration) and is not necessarily_jqitended to depict a particul ar
"screen image" that m ght be presented to user. 15 FIG 7 illustrates
"board test eligiblefergivint $holtsiand Joint Opend cmﬁeragd.r%alldllcamnﬂomdl ment of the
I nvention, there is n SI n Iei i ndi cation_or scor?évthat@i i ndi cative of
board test 8elaligkigfor inipg, properties ©f CoUeFtages: Livepast @hnt ed by t he
conbl nat i onpbn@tifpar d corrponent score and a board 20 connection score
(i.e.) Indicators of board conponent coverage and board connection
coverage). The board conponent score is indicative of, a test suite's

ability.to test git, j i r{i f all of the
conponénts on a %a'pg’?'c#gﬁﬁg’ﬁhzé;ﬁj'%ggﬁ%%%g:%é%ﬁﬁéﬂsﬁgﬁ oi‘bg'?@%fs i ndi cative
of a test siow-fequenby bypassicapacitors willlrecdive hgrawfenPiesbhqe dBrhalit i ve
properties of all of 25 the co lnectl ons on a@%oar If a user desires to
revi ew boar H@BﬂWﬁHﬂWtcaé’é?m&’B $core Uptested fq %395“’% RRsexample:dri11 down to

scores (coverage indicators) for various individual components.

Al ternatively (npt s usg.t\f N mgm 4 30 conponent

coverage to a corrponiz'h"a%iheré’1 3 tﬂreparéj Mt §9 1éo in |\% ual -35

conponents. For each _uﬁ Gk y$f id gyfown to the individual
it

propert| es of the Coﬁgggﬁ)%g? ? djf§56 |0@é@ggtl es could be grouped

5 as "fundanental " 'ua |ve as b escrl bed. Simlar to
the way that useJs w onent covera r detail, users
may drill down t s%@?ﬁ c éﬁ@ CRRRGHOL: Ip ey ﬁ&@qm g i ndi vi dual
connedS ons and/ or c roups. (naot shown). For each 10 connection, a

user may drill down F6r ?‘resqorf T %q>;§r49p%7r?l‘e‘ém8ﬂe#@'%hnect(on | f
desired, the propertF#R8%#8Gu| d be grouped as 'fundanental " and

"qualitative". FIG 7 further illustrates the correspondence between
conponents 15 and connections. As a result of this correspondence, a user
m ght be offered the option of drilling down into conmponent coverage, and

t hen @0ossing over tdestdethTest connection coverage for a particul ar
conponent (or maybe 'conponent type). 20 Conparing Board Test
Coverac~e~i n,.general) The above sections have introduced the concept of
conparing test estletitestsmeassrd, for dach pircwt a devitethe bapacitarcedesi gned to

test L ne A BSREY piF Snd s GenSor B Atk Bher tho Yot BeBkagie Gordis e 21 1V 8
of the pins of the device can be omitted from testing. TestJet® tests are

25 scored for each tested device as:

Presence (P): if (at_least_one_pin_tested) then:P = Full
Opens (JO): all tested pins score JO = Full
30
In some cases, due to limited access, a TestJet® measurement is
made through a series resistor connected directly to the device under test.
Consequently, properties of the series resistor are implicitly tested. The
TestJet® pin measurement can only pass if the series resistor is present and
35 connected. Thus, the Presence of the series resistor inherits the Joint Open



conparing board test coverage for two test suites. The nmethod 800 begins
with the enuneration 802 of potentiatiy defective properties for a board,
without regard for either of the test suites. For each test suite, the
suite is scored 804 in response to whether the suite tests for the
potentially defective 30 properties enunerated. Correspondi ng scores for
the two test suites may -36 5 then be conpared 8D6 to determ ne the

rel ative coverage that each suite provides for the board. Theoretica
Maxi mum Scores There are at | east two types of theoretical "maxi num sconce”
that are 10 useful in characterizing_Jpard test coverage. These are 1) the
maxi mum scores (conponent & connection) that can be achi eved assum ng t hat
al | potenti atdrg od&fee!asied@rpr(m,d? for essistoe= HOl dcprelefthe testetdink) t he maxi mum
scores that can, be achleved b Zrtlc bar { st system or systens) If a

test suite L¥ewisgythe JoiiOnen R"I’IS epsi#ier i§ dmPliSYd” assum ng t hat
all 15 20 2 ted is

si npl y: I\/Iaxgb DS@P— fo}r)ﬂglbl)bw‘j?ﬂﬁqdm{@sﬁgg ( oi?’eeagﬁDgggb*% conmponent
score; and alseﬁrﬂ\&uimthedmnmoﬂ tastad desica joint ﬂmolCh’gJQ[BSpceofar se Fully

Test ed) I connecti on
score; 5and \tﬁ%ger%? BJ If%hﬁ qﬁgeﬁ%é%%&%hq%ﬁ?%b}ﬁﬁfﬁgﬁ@?@ n?itre Ful ly
Test ed) Thetrlaz}utimgjall}' Y tivotightiof asaesteafgetsrmﬂwbeiadtedbas wIeI(tj et Ehemfofe vvhe]E her there
are potentia efective erties that ar eyond the scope of a test
suite's covB?)éEéQ 8 B"Q?Bdf\?eeﬁhﬁsﬁﬂ do not indicate whither a
defect is beyond the scope of a test suite's coverage because 1 ) the test
suite is not robust, or 2) testing for the defect is beyond the capability
O avail abl e test sy&olanty Checki s t herefore useful to cal culate the maxi mum
scor es;d hat can -37 be achieved by a particular test system (or systens)
if atest suite is robust. This second pair of maxi num scores does not
assune t hat aII ﬁpPolaetytcyhankchssmsinaﬂylcomaiﬂsr@bmm) mastipleRéap@acitorsr e Ful |y
Test ed, but theb assu lat each property score achi eves the maxi num
val ue that ‘I“ ¥ DPeare Q?efﬂ WSy particular test system (or systens). Thus,
Max2( BDS) for all d, Sum RDS(d); (where all conponent properties

i nfl uenci ng RDS(EResdHce (PRt torrt(banée Yeut | SttgimbRt H&ldémnsam&d)tﬁerpﬁr“ cul ar
test spgstem (or systems) 2(FmBS) = for all ¢, SumRCS (where all
connection properties infl uenC| ng RCS(c) 15 are set to the| r~maX| mum val ue
gi ven a parti culgientdiy .St e h&ices maxi nmum

t heoreti cal conp(%itent bé@ ng %R’Ye/ge@éhwseﬁt'eﬁétt PH%mo )ogy an
arbitrary resistor, and FlI G 1 I I ustrates maxi mum t heoreti cal corrponent
PCA A scores versus test technology for an arbitrary digital device. The
table0in FIGS. 9 & 10 are sinply filled by

Connect Check Tests

A Connect Check test usually contains subsets for multiple devices
and may be scored as follows:

25
Presence (P): if (device_test_statement not commented) then P
= Full
Opens (JO): if (P > Untested) then tested pins score JO = Full
30
Maaic Tests

A Magic test is one test that contains multiple device tests. The



rating a property "Full" or "Partial" If there is any way a given test
system can ever score full or partial coverage for the particul ar conponent
type at issue 25 (e.g., resistors in FIG 9) and digital devices in FIG
10). In filling out the tables in FIGS. 9 ~ 10, .consi derations such as the
testability of a | owvalued capacitor in parallel with a |arge-val ued
capacitor, or whether a,given |IC has a readable |abel that is covered up by
a heat sink) would typically not be considered (since the focus is on
“theoretical™ maxinunms). 30 It Maxz(BDS) and Max2(BCS) scores are being
calculated wth respect. to an AX tgé& system 'then the' AXI PCOLA scores
can be extracted fromFIGS. 9 & 10. wever, if Max2(BDS) and Max2(BCS)

scores are §ejring befewildepend\bh the REReSVerage AurfibersicaRUIatR fof edel and A
and test systens) -38 then correspondl ng PCOLA scores for the AO and AXI

|l nes in Fldicecby-thecomplienh value ph@d fara pajticulanfaull mpangthedault isnd t he MAXI)
PCOLA ' ' Max2( BCS
scores. 1 n i BetefHbll A fathosaie” 4 il OF orapafiger el mBBfe 07 ot ness

score for ahb fasnieionhidetectale AO and AXI testing is "Full". Apparatus for
Characteri zing_Board Test Coverage 10 FIG 11 illustrates a first

enbodi ®ent of apl):parat us_ 1100 far characterizing board test coverage. The
appar at us conpr iFgesenceYPleans "i@@gnﬁwte@ﬁﬁﬁ‘érﬁﬁlw fdWintial |y defective
properties for a board) without regard for how the potentially defective
properties m ghtComectness (Q): 2)f (kedintestedythenC ﬂBﬂﬁiﬂﬁi ning and scoring, in
relation to each potentially defective 15 property enunerated, whether a
test d0ite testdiiveness (LY: pot eift{(\Veryligh efcl) and §Verybpeptyl)) thed L3 neans 1106
for conbining scores to charafagtialze board test coverage for the test
su(te. By way of exanple) the apparatus 1100 could take the form of

sof tware, firmarRntdtidhqOR" €, fYftestOlyPe FOFET)EMdI (RS> Urtastea)) thannpoane

enbodi nent of the apparatus 1p@Rialeach of its conponents is 20 enbodied in
conput4gr readabl e program code stored on conputer readable storage nedia
such as: a CO-ROM a DVD, a floppy disk, a hard drive, or a menory chip.
FIG 12 illustrates a second enbodi nent of apparatus for 25 characteri zing
boarcl test coverage#%s i s enbodi ed in conputer readable
program code 1206, 1 X ) stored on conputer readabl e storage
media 1200. A first portion of the programcode 1206 bul kis a list 1208 of
potentially def j opert. of; 0  oalNg cOo does. t his by parsing
descriptive inf Mﬁéﬁ{@ggﬂ?ﬁxciﬁggg%%ﬁa%sﬁPé%gﬁ%%cdz nent and
connei on preparediibiaties bHiest Veetdrs,aind, ara nfieh rdified siolight of bgard - 39

potentially defective Rr rtjes, 1204 wth the extracted conponent and
connecti on tP?fﬁBW‘ra ?r&B'QﬁB@B'Q‘ﬁH" é??gtqeﬁﬁe(?f‘dtcﬂgnﬁﬁt'%lpﬁ?ﬂ%&fgﬁﬁblz parses a
test suite pbkQratngs PRbWSCt S test objects 1214 therefrom Each test object
1214 conprises the details of a test) and a |ist of conmponents and 5
connections that are tested by the test. A third portion of the program
code 1216 assocPmesence (R):t est fépincqutputs Aogaledx® ten Pimdulli n the 1ist 1208 of
pot en2bal | y defective properties, by identifying conmmbn conponents and
connections in Eaectnass (L) t hif trinLoulputs ftoggiedxD)dhereGh=clartiall 218 assi gns
property scores to the potentially defective properties in said |ist 1208
of Orientation (O): if (pin_outputs_toggled>0) then O = Full

30 Liveness (L): if (pin_outputs_toggled>0) then L = Full

Joint Open (JO):  if (pin_is_output) and (pin_toggled) then JO =
Full, else if ((pin_outputs_toggled>0) and
{pin_is_input) and (pin_toggled)) then JO = Partial

35 '

In the above formulas, pin_outputs_toggled is the number of output
(or bidirectional) pins that are tested for receiving high and low signals.



10 potentially defective properties, in response to whether tests in the
associ ated test objects 1214 test for the potentially defective properties.
The portions of program code need not be distinct. Thus, code, objects,
routines and the like may be shared by the various code portionhs) 15 and
the code portions may be nore or |less integrated depending on the manner in
which the code is inplenmented. The descriptive board information that is
accessed by the code nmay take the formof an XM. topology file for the
board. However, the descriptive 20 information could take other forns, and
could be derived froma board netlistiag.a bill of materials, CAD data, or
ot her sources. Conponent and connection information nay take a variety of
foms. For exanplnput pinopemeare preforabipnevenscared betteritban Rertiabsineeof conponent
25 nanmes or onent. part nunbers. nnecti o m ght take the formof pin
2nd node | nfig N IBMEteH RateDE AR PRIaTE EVEATD Sriklest VoLl MR (he codt
associ at es g%aq.#, ; ti iqaf Or mat i on may be
drawn) for \eﬂggﬂpbﬁee'?& ?%%&%@g?‘gg '3@@?@??38385%83?@%) package) and/ or
connection types, -ao along with their potentially defective properties.
| nf or rralthi on fromthis database can then be associated with the conponents
and connections that are identified for a particular board. In one

enbodi ment of the Fl @ouhdagiStandiests, t he dat abase may be updated via an
interface (such as a 5 graphical user interface (GUJl) displayed on a
conputer screen). Properties that are associated with a board' s conponents
and connections i f Qﬂj‘tasﬂf-’r properties

i dentified suprasa}élﬁméén@'ﬁﬁ&gﬁgﬁ? ?r?? bggfg%?ida%%ﬁgef'ectl ve properties
may 10 be a€irodit testsd(se# supra).f f er ent conponent and connection types. Wth
respeci,to a connection's possible shorts) program code may associ ate the
short i)(Poperty of a connection with zero or nore shorts by assessing the
proxi mty of theAltBourglary-Scar tesistihdudeoTAR (festhozessipoit)dintegrtyttésis ed i n t he

board's desgriptive, inforgation. .15 In.one enbodi nent ,of the FIG 12

appar at us. - At B 1 i AR S5eh. paOL Rt AR LA WHER B s one of
ordi nary skivohing? THi, 8ddh test doveredas Bubsdqubitasethicris wilicévdralimey be variously
mai nt ai ned. "Object"”) as used herein, enconpasses not only objects in an

"obj ect - or i 8afestg relgtaddp Mhistesyinfresteucture. Foreach deyiceip aBauwdatt-ucture that is
mai nt ajged 0 j he details of a test, as well as a
list o ‘lpt heg%%%ﬁ%ﬁﬁémgﬁgl gﬁ“ﬁlree%ﬁf% ge{."hat are tested by the test. FIG 13
illustrates a third enbodi ment of apparatus for characterizing 25 board
test coverage. Ayasencei(Ry appdtaFul is enbodied in conputer readable
program code 1302 stored on conputer readable storage nedia 1300. Unlike

t he apparat us i |CarsactresedC):n fifi(Devite has bn I Qodepthen G + Fullielse €3 in FIG 13
does M2 participate in buil diRagtied |ist of a board' s potentially defective
properties. Rather) program code 1302 parses an existing test suite and
list 30 of potendigitation{eiect ive Fafloperties for a board, and then assigns
property -41 scores to potentially defective properties in response to
whet her the testpjjaHesg(l)est s fazpihe potentially defective properties, and
in acogydance with a weighting structure. 5 In one enbodi nent of the FIG

13 appar at us, PrOpsHs! cores i r 0 nts for. Fully
Tested, Partially Tess(%‘gg) and @E%@gﬂ%ﬂﬁﬁ,ﬁg@gﬁﬁﬁo@f ective
» 0 B 1]

property is tested by two or jtests in a test suite, and ivw or nore
property scores exist for the sanme potentially defective property,

addi tigpal program. .C i [ oper, res using a MAX
functi%ﬁ. The pr'ﬁ‘g)}'éﬁg@(')egg&%an d %%“é-gﬁbaﬁ?c R Feé%g%a&%gﬁgﬁ s property
scores to generate a conponenﬂ,mg gv?rapz‘gfge gf(%' ﬁ?ﬁ) Li kewi se, the
program code can conbine a gi vEPI§ .(?SS'ﬁﬂ VPIEReS AR YIS y scores to
generate a connection score fbesf"i’@'oﬁ 'ven connection. The program code may
al so conmbi ne all conponent property scores to generate a board conponent
scor e,ggaind combi i nheQOMYIRC kg, Property scores to generate a boarcl
connection score. 20 In one enbodi nent of the FIG 13 apparatus, the

conput er readabl e program code further conprises program code for i)

accessi ng conpor@pensddOperty kor gachstestad pin,ciéhpbolint ' s properties) and ii)
conbining a given conmponent's property scores in accordance with the
conponent property weights for the conponent's properties. 25 In another
enbodi mrent of the FIG 13 apparatus) the conputer readabl e program code
conpri ses program code for i) accessing conponent type weights for
conponent types) and ii) conbining property scores corresponding to

di fferent conponent types, in accordance with the 30 conponent type

wei ght s. -42



The FIG 13 apparatus may al so conprise program cade for assigning
conponent type weights by normalizing a Pareto di agram for conponent type
failure onto a unit weight of 1.0. Attemately (or additionally)) the
apparatus may conpri se program code for assigning the conponent type 5

wei ghts using a uniformdistribution. The program code of the FIG 13
apparatus nay al so conbi ne property scores in accordance with a weighting
structure by t) calculating a conponent weight adjuster that Is indicative
of the popul ati on of conponent 10 types on a given board, and ii) conbi ning
property scores in accordance with thg_conponent weight adjuster. The
program code may also |I) access connection property weights for a
connections properties, and i iPoreacdbfixedhigliog ardvold bightow pipnd® =pr operty
scores in accorclance with thegtginecti on property weights fior the
connection's properties. 15 Note that apparatus for characterizing board
test coverage d Fﬁqt; e‘?é’dé.:r tdSted icit\WBvéragklofust rati ve and
presen%l y pref e?'r%g" en%‘{)dl nen?g’?ﬁ?ﬂlﬂa %ﬁ%f&dgﬁ?lﬂgg\ﬁgg\/@g%&n described in
detail "herein) it is to be understood that the inventive concepts may be
ot herwi se variously enbodi ed and enpl oyed) and that the appended clains are
i ntended to be Fontitereonndod Tests| sabee:such vari ations) except as limted by
the prior art. -43WHAT IS CLAIMED IS: 1. A nethod for characterizing
board test coverage, nmprising: a), enuneratin tentially defective
properties for Qéﬁéﬂﬁ):Wthor}ngE% ayaﬁn'ﬂamggﬁ potentially defective
propert@i es mi ght be tested; 5?'.8}'9? xed high/lgw I'9hlg’é‘f@'8t4‘5§ property
enuner at ed, generating a prop@@ﬂiﬂ'score that is indicative of whether a
test suite tests for the potentially defective property; and c) conbining
property scor es Shorta¢8pr dance Far athnedesdesgtad, Mg’kaﬁhmetage(‘)har acterize
board test coverage for the t&owesad nadessholidderasddaddo tiis dstai m 1, wherein
conbi meng property scores to beeausetshorts betwaenBouadaryeloanrrgies conpri ses:
fior a given device, conbiningntpewersdarwiesarsdgtectpdaswellcores to generate
a conponent scone. 3. The nethod of claim 2, wherein conbining property
scores in accor gaprit Qéveladgs: WEOhBBK all tested pind fof implizitiebverage of) assi gni ng
conponent property wei ghts tosarigdegmpunehtss properties; and 5 b) conbini ng
conpompgnt properties in accordance with the conponent property weights. 4.
The method of claim 3, wherein conponent properties are assigned different
conponent pr opeFoyBuewismTests,5Com:f f er ent conponent types. 5. The nethod of
claim 3, wherein conponent properties are assigned di fferent conponent

property wei ght 30{"%)6?%}&;L@ﬁg%}gg&h@e%@:‘pwgwpﬁepts. -44 6. The met hod

of claim3, wherei PLadl R éﬁl'%‘@io‘? & ﬂi&;"oqv ShV.f5 =component
sum t%l. 0. Partial
Implicit Coverage: Check all tested pins for implicit coverage of
series components.
30 For Powered Shorts Tests, score:
Shorts (S): For each unnalled node A associated with silicon

node B, Mark_Shorts_Coverage (A, B)

35 Implicit Coverage: Check all tested pins for implicit coverage of
series components.

A silicon nail test tests a target non-Boundary-Scan device. For these
tests, devices may be scored identically to digital In-Circuit devices. Thus,

40
Opens (JO): For each Boundary-Scan pin used to test a target



7. The nethod of claim1, wherein conbining property scores in accordance
with a weighting structure conprises: a) assigning conponent type weights
to conponent types; and b) conbining property scores in accorclance with

t he conponent 5 type weights. 8. The nethod of claim7) wherein cenponent
type wei ghts are assigned by normalizing a board' s conponent type failure
Pareto diagramonto a unit weight of 1.0. 9. The nethod of claim7, wherein
conponent type weights are assigned using a uniformdistribution. 10. The
met hod of claim 7, wherein conbining property scores in accordance with a
wei ghting structure further conprisegyg.a) calcul ating a conponent wei ght
adjuster that is indicative of the popul ation of conponent types on a given
board; and 5 b) conbi ni ng propdevice pir,ACes <inhedicl® valaa oétangétilevice conponent
wei ght adjuster. 11. The nethginef claim 1) wherein conbining property
scores in accordance with a weighting structure conprises: a) assigning
package {ype wei et EOydtad: 2 Shecki Sesta finb Torampiiifioharagieaer Ly scores in
accordapnice with the package 5 o 12. The method of claim1l)
wher ei n” conbi ni ng property scones to ' -45 characterize boarcl test
coverage conprises: for a given connection, conb(ning the connection's
property scores to generate a connection score. 13. The nethod of claim 12,
wher ei n combi ni ng pr e{t scores_in accorriance with a weighting structure
conprises: a) assign%5398é3ﬂ8@¥ﬁilﬂ§§operty wei ghts to a connection's
properties; and 5 b) conbining property scores for a given connection in
accordance with the connection property wei The nmet hod of claim

hts. 14.
13, whtltein t he Testribatarnly @r%ﬁ@ﬁ@%/wmé?‘iﬂﬁesg@@i andgiQ eq0resnfRee i on sumto
1.0. 15. Thﬁa@éﬁ\lﬁf& fillfcgﬁ@c&%hay%%ﬁbiﬂeﬁdaﬁw&‘gﬁdg%ﬁpﬂ59’ wei ght

assigned to a C ec property 1s di I anongst the nunber
of possi bl eswdhorts for the connection. 16. Apparatus for evaluating board
test coverage, conprising: a} conputer readable storage nedia; and b)

“conput er readabl rogram code,, stored on the conputer re bl e storage
nedi a, _conpri si rFedeg?rI?gt(é codé_f('?QY'c?ae%—%%‘PmeHg" qome’ﬁ?%g%sand a list

of pot1(§nti ally defective propér Yes for a board, and ii) assigning property
scores to potentially defective properties in response to whether the test

process tests fqpidébaveicass, tas l¥vies tes! tuRnidnPesH idke® vatiey dfn accor dance
with a weighting structure. 17. The Tapparatus of claim 16, 'wherein the

conput er r eloma| EormmgmnWeamm%Mtq epntain callfrtam code for combi ni ng
T benen AAaBRIRBARIbicp GREE iR RIBPERIERS e OB, o0t e O
r eadal@0e prsigglameasurement. Various criteria will therefore be required to determine

whether a test source is commented. For example, for tests.having subtests,

a compiler can look for uncommented “test” statements, and for tests not

having subtests, the compiler can look for uncommented “measure” or

“report analog” statements. The remaining PCOL and JO properties may be

25 scored as follows:

Correctness (C):  if (L > Untested) the C = Partial

Liveness (L): if (P > Untested) then L = Patrtial
30

Orientation (O): if (P > Untested) then O = Full

Opens (JO). if (P > Untested) then JO = Full for tested pins
35 Note that the above Correctness and Liveness scoring assumes that

tests perform meaningful measurement(s) of a device's functions.



T

code further conprises programcode for i) accessing conponent property

wei ghts for a conponent's properties) and ii} conbining a g)ven conponent's
property scores in accorc)ance with the conponent 5 property weights for

t he conponent's properties. 19. The apparatus of claim 18, wherein
conmponent properEi es have different conponent property weights for

di fferent conponent types. 20. The apparatus of claim 18, wherein conponent
properties have different conponent property weights for different

i ndi vi dual components. 21. The apparatus of claim 18, wherein the
connection property weights for a givgpn conponent sumto 1.0. 22. The
apparatus of claim1l B, wherein the conputer readable program code further
conpri ses progr awithadspdcted to)Joint Opeas,tgsted pinsraee tefinadctowei ght s f or

conponent types, .apd ii} conbini property scores cqrre nding to

di fferent c&ﬁﬂmﬁé?ﬁff% _,ePhdélegngéﬁgéG#t‘l’f"\"ﬁgﬂ@sgﬂ ﬁ@'ﬂf‘atype wei ghts.
23. The appajglesfstdulddry Bb éensiddted Rirtoldrags 71 Sibtestfngabaily progr am code
further conprises program code for assigning the conmponent type weights by

nor nal i zi ng beingxaliedand isrod eemmentasiaponent type failure onto a unit wei ght
of 1.0. -47 24. The apparatus of claim 22, wherein the conputer readable
progran?code further conprises program code for assigning the conponent
type weights using a uniformdistribution. 25. The apparatus of claim 22,

wherein the conputer eadab|1e program code further conprises program code
for combi ning pr operté%&ﬂp@@ﬁ n accordance with a weighting structure by

i) calculating a conponent weight adjuster that is indicative of the

popul ati on of conponent tépes 5 on a given boar_(!j% and ii) conbining

property scores Agodpatiestis asswneditohewelbiepoednThatds.dhe adj uster. 26. The
appar S o j J ode further
conpr 19 omedielnhiories 4 dssiteais KM Hies SBORING oLARHCHO GO Lo Chage
types, and deyicesddring placement.cForcoupon tests; thie represehtativet s dbfihkdr ent package

types) 1n ageql ChaRaradtbd ol 18683 RS opri B uatFl HolrSsents
“constituents”, which are devices not being tested. The representative is
scored according to its type, and the representative's constituents are scored
15 as follows:

Correctness (C):  <constituents inherit the C grade:of their
representative>

20
Implicit Device Coverage

Some devices, due to limited access, are not directly tested by a
tester, but may have properties implicitly tested (e.g., when a seemingly
25 unrelated test passes, and it is can be deduced that the test cannot pass
unless a non-target component is present and connected.

If a test resource is connected to a tested device through a series
component §uch as a series termination resistor, then the presence of that
30 resistor is implicitly tested by testing the tested device. Thus,



27. The apparatus of claim 16) wherein the conputer readabl e program code
further conprises programcode for conbining a given connection's property
scores to generate a connection score for the given connection. 28. The
apparatus of claim27) wherein the conputer readabl e program code further
conprises programcode for i) accessing connection property weights for a
connection's properties) and ii) conbining a given connection's property
scores in accordance with the connection 5 property weights for the
connection's properties. 29. The apparatus of claim 28) wherein the

wei ghted property scores for a given_ggnnection sumto 1.0. -48 30. The
apparatus of claim28, wherein the property weight assigned to a
connection's shoPreserice(P)ty i P di<presenoe scorewbtegtad ddvicerunber of possi bl e
shorts for the connection.

.ASE. A" . As. Al se. A". AR A" . A e. Ase. Ae. Ase. Ae. Asy. AR A@E. A9. AL. AL. A. AL. AaL. AN.
AN Al .A(C.A. N . 4 %8 SrBh p Fusy. A e. A

L AFy. Aol e o euteetbbortiGeted e fstERgisES Trbuail sofled

Q xsni d_ZU| cathperjenhbech asd seijasdpaainatiqrerepistdrcthin the epar prapeties af cau] cal] ca

#]Lg;\ 3% 'nglj]yf g]gégﬁ%}??%?gfﬁgﬁggeg é}g*%%ﬁ%‘?]é%{%g‘g C;T'l(':eaf%%r] ca] ca] ca]ca]ca]ca

] ca] ca] ca Uprpeities bt thecselestormporgnt dfhest the opens score of the tested
device. Thus,

Opens (JO): JO = <open score of tested device pin>
10

Automated X-Ray Inspection (AX|) Tests

AXI systems look at dense objects on a board, such as lead solder
15 Joints and the tantalum slugs within certain capacitors, some of which may
be polarized. AXI systems can also rate joints for quality. An AXI system
can also correlate a group of problems (e.g., opens) with a missing device or
an alignment problem.

20 Opens (JO): for each viewed joint, score JO = Full

Presence (P): if all pins of a device are viewed and correlated,
then score P = Full for the device

25 Shorts (S): for each viewed joint pair, score S = Full

Alignment (A): if all pins of a device are viewed and correlated,
then score A = Partial for the device

30 Joint Quality (Q):  for each viewed joint, if either insufficient/void or
excess tested, then score Q = Partial, else if both
insufficient/void and excess tested, then score Q
= Full ‘

35 For tantalum capacitors, score P = Full if the capacitor is viewed, and



U cra]ca! X] ~(mWQ i O{upkfal\We [V]]]ca] ca] ca] ca] ca] ca] c™a] ca] ca]ca] ca]ca]ca
] caU] ca] cal] ca] caU] ca] ca] ca] ca] ca]ca]ca] cal]c”a U c”a]ctalcalca]ca ! $nE¥N k ¢
+H PV #H#- St ] %9 wnhe”Y] ] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca
Jca] ca] ca] ca] ca] c*a]calc
a] cal ca]ca]ca] ca]ca]ca] ca]ca]ca! ]| VWROREFEPEE R "} ()=))) *A***+Q++6, ., ~,,,>-7
.| wrmhc”rYmhe”Y] ]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca

] caU] caU] ca] ca] cal] cal] ca] ca] e"a] ca] ca] ca] ca] ca

1117 00<1S11122233<4445] 55B6666B777u889+9n9} xsni d_Z]]]]] ca] ca] ca] ca] ca] ca]
ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ggl ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caljcaln99::[;{;
>>>F@(W6%Eﬁdﬁbﬁmﬂﬂwmdﬁﬁﬁbmodd ppterizatioh iE]vjéweml)] ca] ca] cal] ca] cal ¢
a]J ca] ca] ca] ca] ca] ca] cal] ca] ca] c™a] ca] cal] ca] c”a] ca] ca] ca] ca] cha] ca] c”a]ca]c
alcalca 5111dJIfJj JIK#KKLLLAM-Ms NuNNOSOOO2 PP
QM) Q>RRYGpSSSzupkfa\ W] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]calca

[

]
a] ca] ca cal cal calcal cal cal cal cal call cal cal] cal] caj ca! ST\ TTTTOUMNXZ2f [K|
]~ aaa bnbybbccdieighting Structures

e_ee} xgni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca]j

c"aj ca%]nca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca! eef #E&F i1 fff

]ngg]sJQS]h’)hiBhahi i i szbkﬂihbkkib&n]Hblew&:mW e edorey mzz]cceddam]:cia] ca] ca] ca] clza
ca] ca] ca]ca ca cal.cal.cal ca cal cal] ca c”a]calca! 1m

enmmm?nnnnn¥ %}Cﬂdﬁb ﬁ'lﬁ H?QEL Ul%g(/'?%ﬁ "]émf!ﬁrf*}ea'} ‘éﬁ] ca] ca] ca] ca]

ca] ca] caj ca‘],g Wmmé?@]tgﬁ]c@%rggg ﬁﬂhﬁﬁ}a,ﬁm\ﬂ ca] ca] ca]ca]ca]ca]ca]c

a] ca] ca! Jvvvvvi XXXXXY!'y$ynyy

zMePzSzz{{|| Z| ||| B}}} xsni d _Z]]]]ca]lcalca]ca] ca]lca]ca]ca]ca]ca]lca]ca]lca]ca]c

a] cal c‘a,] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca] ca]calca]lca]ca]cal}' ~)~5~~~~~2r V*ru25

z

c
[

| wr mhc] Xni d_Z] ] ] ca] c Campahent|Rrapertyl Welgbtsa] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca]ca] c”a U] c"a] ca] calJcaUcaljca P

93) nRW 1Eb{vpkfa\ W] ca] ca] ca] ca] caV] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca) cal ca
] ca] ca] ca] ca] c”af the PrOIepopbaies end mamwmawbéerfamﬁsémtea} xrlf zkfa\W]c
Ul caU] caU] cal] ca] c”a] ca] ca] ca’]pga']oca ca] ca] ca] ca].ca] caLé:a] ca] cal] ca] ca] ca] ca]

ca] caj ca] c#ea}%qv@a?@ames r a given component (d) may

CEJ VXN driakdt
gU] cau?ca] célﬁi caU? i M ca @?f@%&@]ggﬁ(ggﬁ]m} cal g%]o'cﬁ:daﬁacgegei:li Bs](l:fi]ug
H{ vgj d” Yk stompramieshssgore!

U]l c”a] ca] ca] ca] ca] ca] ca] caj ca] ca] c"a] ca] ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”

Iﬂ;g]z;g] i:\a]pjcg] %U ?(d?i] c%é%“iqi%? J )skz?:saaﬁdgﬂoc)alﬂ ca] cal ca] cal] ca
]U]Cg’L‘J] ]Cg?tﬂac}a]scaqhﬁa]c% ~~?\6/1pke ZU] cal] ca] caU] ca] cal] ca] ca] cal] ca] ca] ca] ca]

ca] ca] ca] ca] ca] Gﬂbﬁehﬁmbamianabuhe]am}mhﬁmhs:m]acoa}rmhsm]p?e;]érﬁy] cal! $@LOuJC 4

]Za]ojcg] E:;/ﬁwé?%cé?%ﬁaé% 'é(b] ca]_ﬁ‘ae]gc[:ﬂa%' B‘P vé]ycﬁg]_{ca] ca) ca] ca]calca

W bzupkf a\ liirdreal GothgoNe B‘ad oridraiferdmmdividea cemberdial 63 Gan 2] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU] ca! | "D%': f <o${ vgl gb] X] |]] ca] ca] ca] ca]
ca] ca] ca] cad*@&?@&]‘%’?if &‘&]"l@zﬂ typ$ Ba‘]Q:%PEPé’f é&?'&i]’é%ﬁ]"@&] g‘]’c@i‘? &a] ca] ca] ca] ca

| call 23] cal) e aatiph o o EEHL A BY ey b Akl ol ca] coa

4Q */ A Mb1j WQQWIQZQJ#RGGBWMD(} obo-pplasred:] Matecweight] can]tber) be] ca] ca] ca] ca] ca

cajcal]calc ¢ C ca H &v;
L—x]a8k]n} mél?%ﬂ%%%ﬁfdé%}"ieg pi@ﬁ?&%e%'cﬁ §%\%S§gﬁc§ﬁ%%%%%} ca] cal ca] ca
1 ca] ca] caU] wisdre rienjatidh crdyda] givdrembieciajpostaned/] ¢ a] ca
n_!3% gq(n@JZ~yt oj e ZU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caU] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal] cal] cal + Y*5x0 t
Fhit Sgo. s} xsni d_Af &ahipld 6BcWANEi iwl%&i\igﬁﬂ kerassidriedlferdifierbar] cal ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] cajcalc {ega ca]tca ] ca] ca! sD3pl $h+KPs} xsni d_Z] ca] ca] ca] ¢
a] ca] ca] ca]emroneptiypes sdjustrpied]in k) é}c&qteénai&qr@qcb&pmpna}tdma;a] calJcajcalc
a] ca] ca] ca] ca] ca JfbCl0% U& () - SY10% U&' () - nllO%JU& () - Y10% U& () -
109%0U& () -LS10% U& ()-sf jOMI3!IT & - 10%JU& ()-Z 'l & - 10% U U& ()-Z !'3L)
1098JU&" ()-!f&f 10% U U& () 7, 1000U& () - !, 10%JU& ()- CDEFJrP!'I| & -
1090JU&' ' 10% / & ()- 110%t & ()-‘ 1610%00& ()-", 10% & ()- 10UU 10UU 10UUNA



}A2P! | &F 10% & ()-ZMO% & ()-10% & ()-S, 10% & ()-! 10% <t <& ()-! (i 10%& ()-

| QIEP!I&3(°10% & ()-&10% & ()- %0% & ()-# 10% & ()-"F10% & ()-v
@o% & ()-Xru | aBPII&710%&() 9610% & ()-,410% & ()-3 10% & ()-1

10% & ()-! Y+10% () - bCl18&3 10% & ()-10% & ()-SF10% & ()-s 10% & () -
10t 10t 10t 9@L0% & () #L=dEbC! | &@ F10% & ()-,10% & ()- 10% & () -

LF10% & ()- SFY10% & ()- S10% & ()- =/ qdEbC! | & L* 0% & () -, ( -

10% & ()-,9 10% & ()- %0% & ()-, $10% & ()- "10% & ()-q}' edEbCI 1 & 3

10% & ()-2310% & ()-0@10% & ()-,/10% & ()- s-:10% & ()-, +nML0% & () - eXbCl | &
109%&' ()-s 10%& ()- 10/ 10/ 10/ S810% &) - 610%&'()-,,510%&'()-X|(mz|EbC!I&
MLOY& ()-, Y 109& ()- 109& ()-3109%& ()-y1l09%& () -

109%: () - 8. the@uialitalivd praperty Aligrariigyi ynanmmwmt 40%0%@

1006 () B0 Q5RO of Ul bl SRR sa Bl 0642 0
(taken alone) could at best provide 90% test coverage for a board, and a
visual test system such as AOI would be needed to round out a board’s test
5 coverage. Although an AOI test system can also test for Presence,
Correctness and Orientation, it cannot test for Liveness. As a result, an AOI
test system (taken alone) cannot provide 100% test coveragae for a board.

Note that the FIG. 5 property weights attribute 80% of a component’s
10 weight to its fundamental properties. This 90% weight may be equally
distributed across a component’s relevant properties. Thus, for polarized
capacitors, diodes and digital ICs, equal weight is given to Presence,
Correctness, Orientation and Liveness. However, for non-polarized,
symmetric components like SMT resistors, the Orientation property is given
15 no weight at all.

m nt T ights

20 Component types may also be welghted, thereby aliowing a
component type to be given more or less importance when assessing board
test coverage. Consider, for example, a board with 1000 surface-mount
resistors that have a failure rate of 100 PPM (parts per million) and 100
digital components that have an average pin count of 500 and a failure rate

25 of 5000 PPM. A manufacturer is likely to worry about bad ICs more than bad
resistors, even though there are ten times as many resistors on the board.
Weighting the ICs more heavily will cause a test that marginally tests the ICs
to look v»)_orse than a test that tests ICs thoroughly. Conversely,: not weighing
the ICs more heavily will cause a test suite that thoroughly tests the resistors

30 to look better than it really is.
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If component type weighting is used, then a component type weight
dw(t), where t is a component type, may be factored into a component’s raw
score as follows:

10 RDS(d) = dw(t)*[dps(P)*dpw(P) + dps(C)*dpw(C) + dps({O)*dpw(O)
+ dps(L)"dpw(L) + dps(A)*dpw(A)]

Package Type Weights

15
If package types are known, package types may be weighted similarly
to how component types are weighted.
20 Population Adjusted Weights

Under the scoring and weighting systems disclosed so far, it is difficult

to compare board test coverage scores for different boards. For example, a

board with a handful of components and connections might receive a board
25 component score of 100, whereas a board with thousands of components

and connections might receive a score of 20,000. At first glance, one might

assume that the latter board has better test coverage. Yet, if the maximum

achievable score for the first board is 110, and the maximum achievable

score for the second board is SO,QOO, it becomes clearer that test coverage
30 for the second board is not as good.
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To make it easier to compare board test coverage scores, two
concepts are introduced. The first is that of a “Range”. As defined herein, a
Range defines the lowest and highest test coverage scores that any board
may receive. Preferably, the high end of a Range is selected such that a
5 high degree of granularity in scoring is possible without frequent resort to the
use of fractions. For example, the Range for a board component score
might be 0 to 100,000, and the Range for a board connection score might
also be 0'to 100,000. A board with perfect board test coverage would
therefore receive the scores: BDS=100,000, BCS=100,000. However, given
10 that many boards will not have a high enough component and connection
count to be eligible for a perfect score, the concept of “population adjusted
weighting” is also introduced.

With population adjusted weighting, component weights are adjusted
15 in response to the population of components actually on a board. Consider
a board with 1000 resistors, 100 digital ICs, 200 capacitors and no other
component types. The weights normally assigned to other component types
can never contribute to the board's test coverage scores, a perfect score for
the board would always be well under component and connection ranges of
20 100,000. To redistribute component weights with respect to population, the
following procedure may be followed:

1. Let N be the total number of components on the board.
25 2. Let n(t) be the population of component type t (ranging from 1
to N).

3. Let dw(t) be the component type weight of component type t
(where for all t, Sum [dw(t)] = 1.0).
30
4. For all t, Sum [(n(t) * dw(t)] and call this the “component weight
adjuster”, A. This component weight adjuster is indicative of
the population of component types on a given board.

35 5. For a given component d, calculate a component score, DS(d)
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as:
DS(d) = RDS(d) * Range * dw(t)/ A
5 By following the above procedure, a board’'s maximum possible

*board component score” will always be equal to the Range. The actual
board component score (BDS), however, may be caiculated as foliows:

BDS = for all components d, Sum [DS(d)]
10

nection P Weights

If the SOQ properties are the ones that have been enumerated, then
15 the property scores (cps) for a given connection (¢) may be combined in
accordance with connection property weights (cpw) to generate a “raw
connection score” (RDS) as follows:

RCS(c) = cps(S)*cpw(8S) + cps(0)*cpw(O) + cps(Q)*cpw(Q)

20
In one embodiment of the above formula, the connection property
weights are three fractions that sum to 1.0. The fractions may vary for
different connection types (e.g., electronic versus photonic), but need not.
25 Connection property weights may be chosen to reflect a property’s

importance. For example, in today's SMT technology, opens are often more
prevalent than shorts, so opens can be weighed more heavily.

Note that zero or more shorts may exist for a given connecﬁon.
30 Property weights therefore need to be adjusted with respect to the
population of possible shorts for a given connection. This may be done by
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5 connection’s Short property by s, where s is the number of possible shorts.

This concept is illustrated in FIG. 6.

Board Test Coverage

10
FIG. 7 illustrates the manner in which board test coverage resuits
might be reported to a user. Note, however, that FIG. 7 is more of a
conceptual illustration, and is not necessarily intended to depict a particular
“screen image” that might be presented to user.
15

FIG. 7 lllustrates “board test coverage” as being the root of a tree. In
one embodiment of the invention, there is no single indication or “score” that
is indicative of board test coverage. Rather, board test coverage is
represented by the combination of a board component score and a board

20 connection score (i.e., indicators of board component coverage and board
connection coverage). The board component score is indicative of a test
suite’s ability to test all of the potentially defective properties of all of the
components on a board. Likewise, the board connection score is indicative
of a test suite's ability to test all of the potentlally defective properties of all of

25 the connections on a board.

If a user desires to review board component coverage in further detail,
a user may drill down to scéms (coverage indicators) for various individual
components. Alternatively (not shown), a user might drill down from board

30 component coverage to a “component type”, and then drill down to indfvidual
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components.

For each component, a user may drill down to the individual
properties of the component. If desirable, the properties could be grouped

5 as “fundamental” and “qualitative”, as previously described.

Similar to the way thét users may review component coverage in
further detail, users may drill down to scores (coverage indicators) for various
individual connections and/or connection groups (not shown). For each

10 connection, a user may drill down to the individual properties of the
connection. If desired, the properties could be grouped as “fundamental”

and “qualitative”.

FIG. 7 further illustrates the correspondence between components
15 and connections. As a result of this correspondence, a user might be offered
the option of drilling down into component coverage, and then crossing over
to view the connection coverage for a particular component (or maybe
‘component type).

20
Comparing Board Test Coverage (in general)

The above sections have introduced the concept of comparing test

coverage scores for two test suites that are designed to test the same board.
25 FIG. 8 illustrates this concept more generally, as a msthod 800 for

comparing board test coverage for two test suites. The method 800 begins

with the enumeration 802 of potentially defective properties for a board,

without regard for either of the test suites. For each test suite, the suite is

scored 804 in response to whether the suite.tests for the potentially defective
30 properties enumerated. Corresponding scores for the two test suites may
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then be compared 806 to determine the relative coverage that each suite

provides for the board.

5 Theoretical Maximum Scores

There are at least two types of theoretical “maximum scores” that are
useful In characterizing board test coverage. These are 1) the maximum
scores (component & connection) that can be achieved assuming that all

10 potentially defective properties are Fully Tested, and 2) the meximum scores
that can be achieved by a particular test system (or systems) If a test suite is

robust.

The maximum scores that can be achieved assuming that all
18 potentially defective properties are Fully Tested is simply:

Max,(BDS) = for all d, Sum RDS(d); (where BDS = board
component score; and where
all component properties

20 influencing RDS(d) are Fully
Tested)

Max,(BCS) = for all ¢, Sum RCS(c); (where BCS = board
connection scare; and where
25 all connection properties
influencing RCS(c) are Fuily
Tested)

The above “maximum scores” are useful in determining whether there
30 are potentially defective properties that are beyond the scope of a test suite's
coverage. However, the above maximums do not indicate whether a defect
is bejond the scope of a test suite’s coverage because 1) the test suite is
not robust, or 2) testing for the defect is beyond the capability of available
test systems. It is therefore useful to calculate the maximum scores that can
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This second pair of maximum scores does not assume that all property

scores influencing RDS(d) and RCS(c) are Fully Tested, but rather assumes
that each property score achieves the maximum value that is possible given
5 a particular test system (or systems). Thus,

Max,(BDS) = for all d, Sum RDS(d);  (where all component
properties influencing RDS(d)
are set to their maximum

10 value given a particular test
system (or systems))

Max,(BCS) = for all ¢, Sum RCS(c); (where all connection
properties influencing RCS(c)
15 are set to theirmaximum
value given a particular test
system (or systems))

FIG. 9 lllustrates maximum theoretical component PCOLA scores
20 versus test technology for an arbitrary resistor, and FIG. 10 illustrates
maximum theoretical component PCOLA scores versus test technology for
an arbitrary digital device. The tables in FIGS. 9 & 10 are simply filled by
rating a property “Full” or “Partial” if there is any way a given test system can
ever score full or partial coverage for the particular component type at issue
25 (e.g., resistors in FIG. 9, and digital devices in FIG. 10). In filling out the
tables in FIGS. 9 & 10, considerations such as the testability of a low-valued
capacitor in parallel with a large-valued capacitor, or whether a.given IC has
a readable label that is covered up by a heat sink, would typically not be
considered (since the focus is on “theoretical” maximums).
30
If Max,(BDS) and Max,(BCS) scores are being calculated with respect.
to an AXI test system, then the AXI PCOLA scores can be extracted from
FIGS. 9 & 10. However, if Max,(BDS) and Max,(BCS) scores are bsing
calculated with respect to a combination of AX| and AOI and test systems,
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latter case, note for example that the maximum Correctness score for a

5 combination of AOl and AXI testing is “Full”.

Apparatus for Characterizing Board Test Coverage

10 FIG. 11 illustrates a first embodiment of apparatus 1100 for
characterizing board test coverage. The apparatus comprises 1) means
1102 for enumerating potentially defective properties for a board, without
regard for how the potentially defective properties might be tested, 2) means
1104 for determining and scoring, in relation to each potentially defective

15 property enumerated, whether a test suite tests for the potentially defective
property, and 3) means 1106 for combining scores to characterize board test
coverage for the test suite. By way of example, the apparatus 1100 could
take the form of software, firmware, hardware, or some combination thereof.
in one embodiment of the apparatus 1100, each of its components is

20 embodied in computer readable program code stored on computer readable
storage media such as: a CD-ROM, a DVD, a floppy disk, a hard drive, or a
memory chip.

FIG. 12 illustrates a second embodiment of apparatus for
25 characterizing board test coverage. The apparatus is embodied in computer
readable program code 1206, 1212, 1216, 1218 stored on computer
readable storage media 1200. A first portion of the program code 1206
bullds a list 1208 of potentially defective properties for a board, The code
does this by parsing descriptive information 1202 for the board to extract

30 component and connection information for the board, and then associating
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potentially defactive properties 1204 with the extracted component and
connection information. A second portion of the program code 1212 parses
a test suite 1210 and extracts test objects 1214 therefrom. Each test object
1214 comprises the details of a test, and a list of components and
connections that are tested by the test. A third portion of the program code
1216 associates the test objects 1214 with entries in thé list 1208 of
potentially defective properties, by identifying common components and
connections in each. A fourth portion of the program code 1218 assigns
property scores to the potentially defective properties in said list 1208 of
potentially defective properties, in response to whether tests in the
associated test objects 1214 test for the potentially defective properties.

The portions of program code need not be distinct. Thus, code,
objects, routines and the like may be shared by the various code portions,
and the code portions may be more or less integrated depending on the

manner in which the code is implemented.

The descriptive board information that is accessed by the code may
take the form of an XML topology file for the board. However, the descriptive
information could take other forms, and could be derived from a board netlist,
a bill of materials, CAD data, or other sources.

Component and connection information may take a variety of forms.
For example, component information could take the form of component
names or component part numbers. Connections might take the form of pin
and node information.

' The potentiaily defective properties that the code associates with a
board’'s component and connection information may be drawn, for example,
from a database storing component, package, and/or connection types,

10 10
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along with their potentially defective properties. Information from this

database can then be associated with the components and connections that

are identified for a particular board. In one embodiment of the FIG. 12

apparatus, the database may be updated via an interface (such as a

5 graphical user interface (GUI) displayed on a computer screen).

Properties that are associated with a board's components and
connections may comprise some or all of the PCOLA and SOQ properties
identified supra. Furthermore, different potentially defective properties may

10 be associated with different component and connection types. With respect
to a connection’s possible shorts, program code may associate the short
property of a connection with zero or more shorts by assessing the proximity
of the connection to other pins and/or nodes identified in the board’s
descriptive information.

15

In one embodiment of the FIG. 12 apparatus, the test objects are
created as XML objects. However, as one of ordinary skill in the art will
recognize, the test objects may be variously maintained. “Object’, as used
herein, encompasses not only objects in an “object-oriented” programming

20 senss, but also any data structure that is maintained for the purpose of
tracking the details of a test, as well as a list of the components and
connections that are tested by the test.

FIG. 13 illustrates a third embodiment of apparatus for characterizing
25 board test coverage. Again, the apparatus is embodied in computer
readable program code 1302 stored on computer readable storage media
1300. Unlike the apparatus illustrated in FIG. 12, the apparatus illustrated in
FIG. 13 does not participate in building a list of a board’s potentially defeqtive
properties. Rather, program code 1302 parses an existing test sulte and list
30 of potentially defective properties for a board, and then assigns property
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scores to potentially defective properties in response to whether the test
suite tests for the potentially defective properties, and in accordance with a

weighting structure.

5 In one embodiment of the FIG. 13 apparatus, property scores
comprise numerical equivalents for: Fully Tested, Partially Tested, and
Untested.

When a potentially defective property is tested by two or more tests in

10 a test suite, and two or more property scores exist for the same potentially
defective property, additional program code can combine two or more
property scores using a MAX function. The program code can also combine
a given component’s property scores to generate a component score for the
given component. Likewise, the program code can combine a given

15 connection’s property scores to generate a connection score for the given
connection. The program code may also combine all component property
scores to generate a board component score, and combine all connection
property scores to generate a board connection score.

20 In one embodiment of the FIG. 13 apparatus, the computer readable
program code further comprises program code for i) accessing component
property weights for a component’s properties, and ii) combining a given
component’s property scores in accordance with the componeint property
weights for the component’s properties.

25
In another embodiment of the FIG. 13 apparatus, the computer

‘readable program code comprises program code for i) accessing component
type weights for component types, and ii) g:ombining property scores
' corresponding to different component types, in accordance with the
30 component type weights.
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The FIG. 13 apparatus may also comprise program cade for assigning

component type weights by normalizing a Pareto diagram for component

type failure onto a unit weight of 1.0. Alternately (or additionally), the

apparatus may comprise program code for assigning the component type

5 weights using a uniform distribution.

The program code of the FIG. 13 apparatus may also combine
property scores in accordance with a weighting structure by i) calculating a
component weight adjuster that is indicative of the population of component
10 types on a given board, and ii) combining property scores in accordance with
the component weight adjuster. The program code may also i) access
connection property weights for a connection’s properties, and i) combining
a gliven connection’s property scores in accordance with the connection
property weights for the connection’s properties.
16
Note that apparatus for characterizing board test coverage does not
require run-time test data.

While illustrative and presently preferred embodiments of the
20 invention have been described in detail herein, it is to be understood that the
inventive concepts may be otherwise variously embodied and employed, and
that the appended claims are intended to be construed to include such
variations, except as limited by the prior art.
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1. A method for characterizing board test coverage, comprising:

a) enumerating potentially defective properties for a board,
without regard for how the potentially defective properties might
be tested;

5 b) for each potentially defective property enumerated, generating
a property score that is indicative of whether a test suite tests
for the potentially defective property; and

c) combining property scores in accordance with a weighting
structure to characterize board test coverage for the test suite.

2, The method of claim 1, wherein combining property scores to
characterize board test coverage comprises:
for a given device, combining the component’s property scores
to generate a component score.

3. The method of claim 2, wherein combining property scores in
accordance with a weighting structure comprises:
a) assigning component property weights to a component’s
properties; and
5 b) combining component properties in accordance with the
component property weights.

4, The method of claim 3, wherein component properties are assigned
different component property weights for different component types.

5. The method of claim 3, wherein component properties are assigned
different component property weights for different individual '
components.
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given component sum to 1.0.

7. The method of claim 1, wherein combining property scores in
accordance with a weighting structure comprises:
a) assigning component type weights to component types; and
b) combining property scores in accordance with the component

5 type weights.

8. The method of claim 7, wherein component type weights are assigned
by normalizing a board’s component type failure Pareto diagram onto
a unit weight of 1.0.

9. The method of claim 7, wherein component type weights are assigned
using a uniform distribution.

10. The method of claim 7, wherein combining property scores in
accordance with a weighting structure further comprises:
a) calculating a component weight adjuster that is indicative of the
population of component types on a given board; and
5 b) combining property scores in accordance with the component
weight adjuster.

11.  The method of claim 1, wherein combining property scores in
accordance with a weighting structure comprises:
a) assigning package type weights to package types; and
b) combining property scores in accordance with the package
5 type weights.

12. The method of claim 1, wherein combining property scores to
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accordance with a weighting structure comprises:
a) assigning connection property weights to a connection’s
properties; and
5 b) combining property scores for a given connection in
accordance with the connection property weights.

14. The method of claim 13, wherein the connection property weights for
a given connection sum to 1.0. '

15. The method of claim 13, wherein a connection property weight
assigned to a connection's short property is distributed amongst the
number of possible shorts for the connection.

16.  Apparatus for evaluating board test coverage, comprising:
a) computer readable storage media; and
b) computer readable program code, stored on the computer
readable storage media, comprising program code for i)

5 parsing a test process and a list of potentially defective
properties for a board, and ii) assigning property scores to
potentially defective properties in response to whether the test
process tests for the potentially defective properties, and in
accordance with a weighting structure.

17. The apparatus of claim 16, wherein the comlputer readable program

code further comprises program code for combining a given
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given component’s property scores in accordance with the component
5 property weights for the component’s properties.

19. The apparatus of claim 18, wherein component properties have
different component property weights for different component types.

20. The apparatus of claim 18, wherein component properties have
different component property weights for different individual
components.

21. The apparatus of claim 18, wherein the connection property weights
for a given component sum to 1.0.

22. The apparatus of claim 16, wherein the computer readable program
code further comprises program code for i) accessing component type
weights for component types, and ii) combining property scores
corresponding to different component types, in accordance with the

5 component type weights.

23. The apparatus of claim 22, wherein the computer readable program
code further comprises program code for assigning the component
type \&elghts by normalizing a Pareto diagram for component type
failure onto a unit weight of 1.0.
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accordance with a weighting structure by i) calculating a component
weight adjuster that is indicative of the population of component types
5 on a given board, and ii) combining property scores in accordance

with the component weight adjuster.

26. The apparatus of claim 16, wherein the computer readable program
code further comprises program code for i) accessing package type
weights for package types, and ii) combining property scores
corresponding to different package types, in accordance with the

5 package type weights.

27. The apparatus of claim 16, wherein the computer readable program
code further comprises program code for combining a given
connection’s property scores to generate a connection score for the
given connection.

28. The apparatus of claim 27, wherein the computer readable program
code further comprises program code for i) accessing connection
property weights for a connection’s properties, and ii) combining a
given connection’s property scores in accordance with the connection
5 property weights for the connection’s properties.

29. The apparatus of claim 28, wherein the weighted property scores for a

given connection sum to 1.0.
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30. The apparatus of claim 28, wherein the property weight assigned to a
connection's short property is distributed amongst the number of
possible shorts for the connection.



