11/ 04/ 2006 -1 METHODS AND APPARATUS FOR CHARACTERI ZI NG BOARD TEST, CIZER?@%
Background of the Invention In the past, the "board test coveraé'JQﬁ Y
by a particular test suite was often neasured in terns of "device
coverage" and "shorts . 5 coverage". Device coverage was neasured as the
percent age of board devices with working tests, and shorts coverage was
nmeasured as the percentage of accessible board nodes. Device Coverage = #
Tested Devices 10 Total # of Devices Shorts Coverage = #Accessi bl e Nodes
Total # of Nodes 15 The above nodel of-ioard test coverage was devel oped at
atime 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 | ess
dense, less conplex, and somewhat nore forgiving due to their |ower
frequency of operation. In this environnent, 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 conmon. Sone drivers of access limtation
i nclude: 11/04/2006 -2 5 10 * Increasing board density (devices/square
centineter is

METHODS AND APPARATUS FOR CHARACTERIZING
BOARD TEST COVERAGE

Backgrotnd of the invention

In the past, the “board test coverage” provided by a particular test
suite was often measured in terms of "device coverage™ and “shorts
5 coverage”. Device coverage was measured as the percentage of board
devices with working tests, and shorts coverage was measured as the
percentage of accessible board nodes.

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 fo a board (i.e., access {o the majority
(typically 95-100%) of a board’s nodes). Boérds were also less dense:, less
complex, and somewhat more forgiving due to their lower frequency of
_dpe;ation. In this environment, the above modetl was acceptable.

20 _

Over the last decade, boards have migrated .towards limited access.

In fact, it is anticipated that boards with access o less than 20% of their
nodes will soon be common. Some drivers of access limitation include:
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increasing) * Fine line and space geonetry in board |ayouts (i.

probe targets) * Gid array devices of increasing pitch denS|ty1’1/I-(ﬂ‘g22006
frequency signals that demand precise |ayouts and offer no probe targets *

Board node counts that are several tines greater than the nmaxi num
avai |l abl e on any tester The above changes have nmade application of the

"ol d* nodel of board test coverage difficult at best, and neaningless in
rmany cases. 15 Useful ness of the "ol d" nodel of board test coverage has

al so been suite" for a particular board-Zsee FIG 2). inpacted by the
advent of new and radically different approaches to testing (e.g.,

. Automated Optical Inspection (AQ) and Automated X-ray lnspection (AXl)).
Many of the new test aplifteaeingdoarddansity (dryisgsapuareienigetesss cert ai n

defects, but |imited i nNE®ARBIbf the number of defects they can test. Thus,
more and more oft ef, i tFine lipeanthépareagacmetyis boarddaymisd.et, iIsmaller devi ce with

working tésts is a suff[brobetarggts)t ested device. As a result, a board is
often subnitted to di fGAd anhy teddesufaressshsg pitdh ddhsity conbi nation define

the "test 25 Gven+*the Hibﬁ-\ﬁ%qﬁé SighalChaf dsrhaid BretBe MRt drBdfigover age,
new nethods and appar 05953 gracterizing board test coverage are

needed. Summary ofxthe éde@B o é%&%pggedéeqw grg%rggrga{ggmg@mé enbodi nent
p

of the ifyention, a methag, {’97# test coverage
commences Wi th the enuner atlon 0 ot en y defective properties for a
board, without regard for how the potentially defective properties m ght
be tested. For eacTthepaticartchahges HalveGrddtOaplication of the “old™ model of board

test coverage difficult at best, and meaningless in many cases.

15 Usefulness of the “old” model of board test coverage has also been
impacted by the advent of new and radically different approéches to testing
(e.g., Automated Optical Inspectien (AO!) 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 can test. Thus,

20 more and more often, it is becoming erroneous to presu&:e thata dévice with

- working tests is a sufficiently tested device. As a result, a board is often

submitted to different test processes, which in combination define thé “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 coverage are needed.

Summary of the Invention

30
According to one exemplary embo‘diment- of the invention, a method
for characterizing board test coverage commences with the enurﬁeration of
potentially defective properties for a board, without regard for how the
potentially defective properties might be tested. For each potentially

S



-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 conbi ddd@4/2006
characterize board test coverage for the test suite. 5 Brief Description
of the Drawings Illustrative and presently preferred enbodi nents of the
invention are 10 illustrated in the drawings in which: FIG 1 illustrates
a method for characterizing board test coverage; FIG 2 illustrates a
defect universe, and a VENN di agram of testers that cover the defect
universe; 15 FIG 3 Illustrates the appl.gcation of a proximty-based shorts
model ; FIG 4 Illustrates an exenplary conbi nati on of conponent property
scores; FIG 5d¢feriiva praperty envresreieg] apiopesiscored$ genaspledy iBagh boar d t est

coverage to a I | Ust es .a nethod . for co ri.ng board test
coverage for te%ﬁé{t%é?orgﬁsﬁpg@?ﬁ\,ﬁ%%Hfﬁ%ﬁrﬁ}ﬁtrsé‘ftgge%%r r’ﬁ.ﬂ‘ﬁ)"ﬁ@@ etical
conponent PCOLdefectiveqropart Rropérasscorardra sharoyorhbihedib dMabidiérire)boaf$i St or ,
FIG 8 illustrates maxi t he re%eif cal conponent PCOLA scores 25 versus
test technol ogtﬁsq%’r"e?rge?égﬂh?rt%gﬁu -gital device; and FIGS. 9-11 illustrate
vari ous egbodi ments of apparatus for characterizing board test coverage:
30 11/04/2006 -4

Brief Description of the Drawings

Hiustrative and presently preferred embodiments of the invention are
10 ilustrated in the drawings in which:

FIG. 1 illustrates a method for characterizing board test coverage;
FIG. 2 illustrates a defect universe, and a VENN diagram of testers
that cover the defect universe;
15 " FIG. 3 illustrates the application of a proximity-based sharts model;
FIG. 4 iliustrates an exemplary combination of component property
scores;
FIG. § illustrates an exemplary manner of displaying board test
coverage o a user; _
20 FIG. 6 illustrates a method for domparing board test coverage for two
test suites; '
FIG. 7 illustrates maximum theoretical component PCOLA scores _
versus test technology for an arbitrary resistor;
FIG. 8 illustrates maximum theoreticél component PCOLA scores
.?.5- versus test technology for an arbitrary digital device; and
' FIGS. 9-11 illustrate various embodiments of apparatus for
characterizing board test coverage. '

30




Description of the Preferred Enbodi nent Definitions 5 Before describing

nmet hods and apparatus for characterizing board test coverage, sone
definitions will be provided. "Board test coverage" (or sinply 1do\34 A§e06
is an indication of the quality of a test suite. 10 A "defective property"”
s any property that deviates unacceptably from a norm Defective ,
properties include, but are not limted to: * An open solder joint. 15 * A
solder joint with insufficient, excess, or malforned solder (possibly with
or without electrical manifestation). * A short caused by excess sol der,
bent pins, or device msregistration. %.A dead device (e.g., an integrated
circuit damaged by electro- 20 static discharge, or a cracked resistor). 25
* A conponent that is in eferred/Embedi tconponent. * A

pol ari zed conponent that is rotated 180 degrees. * A mi saligned conponent

(typically laterally displaced). A board can be tested for a potentially

def ective proimfinifiohy executing a 'test". A test, as defined herein, is an
i pass if the tested properties

experiment of arbitrary conplexity that wll
of a component (or set of conmponents) and their associated connections are

al | acceps abl e. AB%F&MﬂﬁIﬁ%%éfﬁmﬁ%%ﬁﬁﬁ %r%?r@‘é{eh nﬁip L sistor. A

acceptable. A sinple test mght neasure the
conpl ex test fﬁsgﬁQV&TmS@Medsﬁnﬁma)wm(bemenﬁecbns anong nmany conponents. A

"test suite" is a test or conbination of tests, the

“Board test coverage” (or simply “coverage”) is an indication of the
quality of a test suite, .
10
A “defective property” is any property that deviates unacceptably from
a nom. Defective properties include, but are not limited to:

An open solder joint.

15 *> A solder joint with insufficient, excess, or malformed sclder
(possibly with or without electrical manifestation).

* A short caused by excess solder, bent pins, or device
misregistration.
' * A dead device {(e.g., an mtegrated circuit damaged by electro-

20 static discharge, or a cracked resistor).”

A component that is incorrectly placed.

A missing component.

A polarized component that is rotated 180 degrees.

A misaligned component (typically laterally displaced)..

- % ¥ %

25
' A board can be tested for a potentially defective property by exécuting
a “test”. A test, as defined herein, is an experiment of arbitrary complexity
that will pass if the tested properties of a component (or set of components)
and their associated connections are all acceptable ‘A test may fail if any
30 tested property is not acceptable. A simple test might measure the value of
a single resistor. A eomplex test might test thousands of connections among
many components. A “test suite” is a test or combination of tests, the
. collection of which is designed to sufficiently test a board so that the board is
hke!y to perform its intended functron(s) in the field.




collection of which is designed to sufficiently test a board so that the
board is likely to performits intended function(s) in the field.
11/ 04/ 2006 -5 Met hods for Characterizing Board Test Coverage | nlii{é%b2006
test engi neers have typically asked, "Wat does.it nean 5 when a test
fails?" However, this question is often clouded by interactions with
unantici pated defects, or even the robustness of a test itself. For
exanpl e, when testing a sinple digital device with an In-Crcuit test, the
test could fail for a nunber of reasons, including: 10 * it is the wong
device; * there is an open solder joint _gn one or nore pins; * the device
I s dead; or * an upstreamdevice is not properly disabled to a defect 15
Wth respect to characterizing board test coverage, it is nore meaningful
to ask, "Wiat do For exanple, if a sinple
viath aracterzin ard Jest agq i
resi stor neas K =X e resistor is present, is
functioning, is in the correct resi stance range, and has connections that
are not open or shorted together. 20 FIG | illustrates a method 100 for:
characteri zi ng boamuﬂﬁégﬁt@ﬁﬁen@g@msfEWenumuﬁnasmﬁbﬁNbah@nkmEHMﬁmh t he

egara for nowdhe B84 Bl ShibgevelSiiesiof OB iolReq B lemiibis, oo For
each pot ent i alwith utmhticipatee dpfeefse of gvetbthe Robtstrtiss 6f a testiegIRr For Score i s

generated 104. Eacr % ert, score is . indicative of whether a test suite
tests for a p&rEMPEea 9’E e.srraps igila} device withhans In-Giraitdesls thertest: hen

conbi ned 106 b@u@%fﬁ?éﬂhhﬁ%r@%égoﬁs?ﬁ{cflﬁ%rage for the test suite.

10 it is the wrong device;
there is an open solder joint on one or more pins;
the device is dead; or

an upstream device is not properly disabled to a defect

* % ¥ ¥

15 With respect to characterizing board test coverage, it is more
: meaningfui to ask, “What does it mean when a test passes?” For example, if

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.
- 20
FIG. 1 Hlustrates 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 poientially defective property
25 . 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 to characterize board test ccrverag(-z~
for the test suite. |
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30 11/04/ 2006 -6 Potentially Defective Properties A board' s potentially
defective properties can be enunerated by parsing descriptive information
for the board, including, but not limted to: 5 topol ogy data (idc¢I04d2008Y

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

uni verse 200, as well as a 10 VENN di agram of various testers (Tester A,
Tester B, and Tester C) that cover the defect universe 200. Although. FIG
2 illustrates a VENN diagram of testerg, the potentially defective
properties conprising a defect universe 200 can (and typically shoul d) be
enuner at ed wi t hout Poteutialld fedective Wrodeetiegpot enti al | y defective properties

m ght be tested. 15 There are a nunber of potentially defective properties
that may be enunerated for a board. In one enbodi nent of the FIG |

met hod, pot ent I al |A(b§@-ﬁ%q}dté4ﬂlaw QEt%EﬁVeeﬁoﬁérﬁesQEé}Ptﬁ?&gnmﬂ&ﬁ @m:)onent
I'n

propertles and  "connection properties". Properties two groups
are bel i eved P#sipg dgseiplive Irff@'mati@néonthahoa@lmtudwgbburrwt §imited &mt i al | y

Fur ther - Sstbalhy aaonia (BEWATRRRY Bbflod dasPATROREN! dy AP ey Shobe” ™ ©°

further subdivided 1nto

properties". commieraidaddesigrol@ADR)dma.ar e properties that directly inpact
the operation of a 25 board. Qualitative properties nay not directly or
i medi atel y inpact board operation, but have the potential to do so at

some point in tinFodéther, the%ﬁatént:dll?ﬂ@f@ct:@ﬁr%ﬁ%&tes gj(’jr Aidan ng Pﬂéé ye of

manuf act uri ng process probl ems that shoul ore the
probl ems dege pchubiversq’ hgl% ifustrates such a defect universe 200, as well as a

10 VENN diagram of various testers (Tester A, Tester B, and Tester C) that
cover the defect universe 200. Although FIG. 2 illustrates a VENN diagram

of testers, the potentially defective properties comprising a defect universe
200 can (and typically shouid) be enumerated without regard for how the
potentially defective properties might be tested.

15 :

There are a number of potentially defective properties th.at may be
enumerated for a-board. Inone embodiment of the FIG. 1 method,
potentially defective properties are grouped into “component properties” and
“connection properties”. Properties in these two groups are believed to

20 account for more than 90% of a board’s potentially defective properties.

The properties for components and connections may be further
subdivided into_“fundamental properties” and “qualitative properties”™.
Fundamental properties are properties that directly impact the operation of a

25 board. thalitative properties may not directly or immediately impact board
operation, but have the potential to db so at some point in time (i.e., as a
latent defect), or are indicative of manufacturing process prdb[ems that

' should be addressed before the problems degenerate to the point of
impacting fundamental properties.

30




I npacti ng fundanmental properties. 30 11/04/2006 -7 Conponent Properties As
defined herein, a "conponent" is anything placed on a board, such as a
passi ve. conmponent (e.g, a resistor or inductor), an integratedldi/idi2096
(1C, a connector, a heat sink, a nechanical extractor, a barcode |abel, a
radi o-frequency-interference (RFlI) shield, a multi-chip-nodule (MaV), a
resistor pack, and so on. Basically, any itemfisted in a board' s big of
materials is a conponent (although nost conponents will take the formof an
el ectrical device). Note, however, that the internal elements of an MCM or

10 resistor pack are typically not count.F_d as conponents. Al though the
above listed conponents are all tangibl'€, conponents nmay al so be

intangible (e.g., a flgsmphBeMPlogdrtiéPnpl ex Programmabl e Logic Device

(CPLD) downl oad, or a tunctional test of a device cluster). 15 In one
enbodi mrent of the FIG | nethod, the fundanmental properties of a conponent

S ebence i o the mohp SBRAGEAABR? 2 oMl (B iq PlakBR TR oty SWRT S 1o
assessed if a asengassisicomponesiyery a rédstbioprendddr),aart inkigrdted ciecuponent
onent is the correet conponent.

presence wl | netines, i that a co _
However, %Ar esé&fge& mem’@%ﬁ - §MePGHAR hextrpglor A hatredelabelsat wo- di sti nct
properties so ridiéfrebisiiifeHerdpte FRIFIPEHIBIIS a Afuli-Ehis MORMEMCHIP'S ect ness are
not made when characterizing board test coverage. For exanple, it can be
det erm ned f r §38iSey RECKAIGSOPN-nBaSICAIN N itane Hsted fru baandisdiilkof ve conponent

corFeot resi o rerels s olcaRmPRf (ifbuch o SoipBRés Wil e BRTR HERD "ot
cannot det er nelaeirical device). Note, however, that the internal elements of an MCM or
10 resistor pack are typically not counted as components. Although the above
listed components are all tangibfe, components may also be intangible (e.g.,
a flash memory or Complex Programmable Logic Device (CPLD) downioad,

or a functional test of a device cluster).

15 in one embodiment of the FIG. 1 method, the fundamental properties
_ of a component comprise. presence, correctness, orientation and liveness.
Cf these, presence is the most critical, as the other three properties cannot

be assessed if 2a component is missing.

20 Note thata te_ét for component presence will sometimes imply that a
'oomponent is the correct component. HoWever, presehce and correciness
are preferably enumerated as two-distinct properties so that incorrect
presumptions as to component comectness are not made when
characterizing board test coverage. For example, it can be determined from

25 a resistor measurement test that a resistive component is present. However,

| '-the-same test can only partially assess whether the correct resistor is
.present (e.g., because a resisior measurement test cannot determine
whether a resistor is a carbon composition resistor, a wire-wound 'resisto-r. a
10 watt resistor or a 0.1 watt resistor), )
- 30




whether a resistor is a carbon conposition resistor; a w re-wound resistor,
a 10 watt resistor or a 0.1 watt resistor). 30 11/04/2006 -8- Presence ma
be judged "partially tested" when there is not conplete certainiy/tGf( 280
conponent is there. For exanple, for a pull-up resistor connected between
VCC and a digital input pin, a Boundary-Scan test can verify that the pin
I's held high. However, this state could also occur if the pin 5 was open

or floating. A subset of the presence property is the "not present
property”. In the sanme way that it is desirable to determ ne whether the
conponents of a board are tested for prgsence, it is desirable in sone
cases to nmake sure 10 that a conponent is not present on a board (e.g., in
the case where a gPtasencewydeijgdgest ‘parialhetestedt ebienithdre Ennalpbinpredd

conponent). A eI m lon as to ether a test_suite tests for conmponent
com)ect ne)ss cggﬁ%tﬁﬁ{}h%@é M@Ow‘#@m’%’@r r#eg{ efﬂgpéamatquﬁ?f’ IBPISIOE det er ni ned
15 that the testnectdd @errt-.@éhwdmén@gﬂmaﬁﬁéutgﬁrﬁm;dawﬁwaﬁt%si&%t for

conponent correctness irnclude reading the identificati'on (I1D) nunber

printed on -a VedxHeéhne pinds hgddighaewavesdhigstate spuld aisseaacunifitheadh ) syst em
or execui ngwgsgﬁg’ﬁgﬁﬁ%ﬁ an test to read the | D code that has been '
a i

programed into rrectness may be judged "partially tested" when
there is not conplete certainty that a conponent is correct For exanple,

consi der the prevjouysl| l scussed resistor neasurenent test. 25 Anot her
f undanent al conporﬁﬁ‘f%ﬁ?}/Bg@?ﬂeﬁeé'cﬁpfoé’Wfq the "netpspsent piopertyy. i le et i on

defects presegiméwag &R A€ Bésifbletoldlerflifedfether thB CoRFBRERs 8f 290
board are tested for presence, it is desirable in some cases to make sure
10 that a component is not pres_ent on a board (e.g:, in the case where a given

board is not to be loaded with an optional component).

A determination as to whether a test suite tests for component
correctness can only be made-after {or at the same time) it is determined ‘
15 that the test suite tests for con{ponent presence. Ways io test for component
comectness include reading the identification (ID) number printed on a
component using an Automated Optical-Inspection (AQI) system, or
executing a Boundary-Scan test to read the ID code that has been
programimed into an iC.

20
Correciness 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.
25 : - Another funda;nental component property is oriéntation. Typicaily,

orientation defects present as component rotation errors in increments of 90
degrees. There are a number of ways that a test suite might test for
orientation defects. For example, an AOI system might look for a registratioﬁ
notch on an'IC. An Automated X-ray Inspection (AXI) system might look for
30 the orientation of polarized chip capacitors. An In-Circuit Test (iCT) system




degrees. There are a nunber of ways that a test suite mght test for
orientation defects. For exanple, an AO system m ght | ook for a
registration notch on an IC. An Automated X-ray |nspection (AXLL/$4LM06
m ght | ook for 30 the orientation of polarized chip capacitors. An
In-Circuit Test (ICT) system 11/04/2006 -9 m ght verify the polarity of a
di ode. The conponent property of |iveness may enconpass as many factors as

is desired. In one enbodinment of the FIG 1 nethod, |iveness neans 5
grossly functional, and does not nmean that a conponent perforns well
enough to fulfill any specific purpose._gfor exanple, if a Boundary-Scan

I nt erconnect test passes, then the conponents that participated in the test
must be reasomightyesfythe pplarity.of atdiede. t est access ports (TAPs) are good,
their TAP controllers work, their 1/O pins work, etc.). An assunption of
IC liveness 10 could al so be made if one NAND gate of a 7400 quad- NAND were

to pass a test. Afsocorhpshentpopeny of hmawmeyrenéom;f:aa zrseraam,mctoss val ue is
i ndi cative of the gross functjonality of a resistaor ., the resistor is

not cracked, 8%is q’ﬂﬁ"éﬁﬂf nH PRe %THB‘?Q‘@G"UP“B%&Q 1 rpstheg, '&’eﬁ?’%sf BERRY enbodi ment
of the FIG  Loauitihcrbh) 88l dodkiak i R o ARG paforbsaggPonent Lhat i s

enumer at ed |s conponent al i gnnment nment de ects i ncl ude | ateral
di spl acenent @youghrte il W§pestﬁalwrmsst Encexamwleu&a B@ﬁnm-aﬁcﬂéw degrees, or

"bill-boarding) Vi r d onits
side rather t Eﬁ{éqqr%gﬁte%éj S%SCEB%'?‘&‘% %f gg%;qhatg)aﬁﬁg}ag%ﬁtﬁr omltor I entation
in that an alinggtbevieaseiabi aliveyi.aptheir ¢esllabedss partsi(Tish are goodEthéinnct i on,
but may be indjcative of a d ative process probl future
reliability pHprentol '?ﬁ'ew%oﬁg ‘éﬁ‘! » Gob €Mt AUM 8@8%@‘“’3"8?% referred
to at tiges  udREEbE el Ghe IRAND RtOBEA 7465 qlidd-RANDWERSD Plss a
correctness, orientation,

test. Also, the successful measurement of a resistor’s value is indicative of

the gross functionality of a resistor {e.g., the resistor is not cracked, or

internally shorted or open).

15 ) ~ In a preferred embodiment of the FIG. 1 method, the only qualitative
property of a component that Is enumerated is component alignment.
Alignment defects include iateral displacement by a relatively small distance,
rotation by a few degrees, or “bill-boarding” {where a device is soldered in
place but is laid on its side rather than flush with a board). Alignment differs

20 from orientation in that an alignment defect may not result in an immediate
malfunction, but may be indicative of a degenerative process problem or a

future reliability problem. -

The above component properties, together, are referred to at times
25 herein as the PCOLA properties (i.e., presence, corectness, orientation,
liveness and alignment). The FIG. 1 method preferab!& 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. Furthermore, different ones of
30 the PCOLA property set could be enumerated for different components




| i veness and alignnment). The FIG 1 nmethod preferably enunerates all of
these potentially defective properties for a board, and possibly others.
However, it is within the scope of this disclosure to enuneratellddsd{REN6
all of these properties and/or different properties. Furthernore,

different ones of 30 the PCOLA property set could be enunerated for
different conponents 11/04/2006 -10 and/or conponent types on a board.

| nt angi bl e Conponent Properties 5 Al though the concept of "intangible
conponent s" has al ready been introduced, intangible conponent properties
deserve further discussion. Intangiblqﬂﬁpnponents will usually be rel ated
to tangi bl e conponents by the addition of one or nore activities. In the
context of a faraér compongntdypesRia bBardownl oad, the activity is an on-board
programm ng process that installs bits into the relevant tangible
conponent. Once identified, intangible conponents and their properties my
be treated as part of a board's "conponent space" for purposes of
characterizing board test coverage. Many of the conponent and connection
properties outlined ab nQlib orlent igso i nt angi bl e conponents. For
exanpl e, @nly presence and correctness (i.e., progranm ng presence and
programm ng correctness) would be applicable to a flash nenory downl oad.
20 Properties by Gaithpughitite dyrrept bt imMaigibié BemPSHdms"tRIERMABAMN! bédrpperties are
believed to a%ﬁggnt for 9q96or nmore of a conponent's potentially defective
properties, s Hged. f'ﬁ%!?éb%FB‘BB?’P?@?W‘%@%%M@’F@M&WJ espect to
particul ar comge YRS willl : t then it
need not be enquratggapgs a?TQ&ﬁ?Pakgﬁﬁﬁéﬁgﬂ%ﬁﬁ%ﬁ?&E@§¥%§éﬁﬁﬁye1 met hod
enuner at es di #ddiliasaf one or more activities. In the context of a flash memory or CPLD

10 downioad, the activity is an on-board programming procesé that installs bits
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

15 apply to intangible components. For exa}nple, only presence and
correctness (1.e., programming presence and programming correctness)
would be applicable to a flash memory downioad.

- 20 Properties by Component Type

| Although the PCOLA component properties are believed to account
for 90% or more of a component’s potentially defective properties, some of
these properties may be meaningless with respect to particular component

25 ~ types. If a preperty need not be tested, then it need not be enumerated. As
a result, one embodiment of the; FIG; ‘1 method enumerates different

potentially defective properties for different component types.

30




potentially defective properties for different conponent types. 30

11/04/ 2006 -11 Properties by Package Type Sonetines, conponent types

not be known, but it may be possible to identify package typeslhﬁ04ﬁzgﬁﬁs
t he case, the FIG 1 nethod may 5 enunerate different potentially defective
properties for different package types (since conponent types can often be
i nferred from package types). Connection Praperties 10 A "connection" is
(typically) how a conponent is electrically connected to a board. As a
fesult, connections are forned between conponent pins and board node pads.
For purposes of this disclosure, the wod."pin" is used as a general
reference to any neans for connectlng a conponent to a board, 15 including
pins, |eads, balls, colimaperties Adiege ¢vpd Both sol dered and
press-fit conponents conprise connectlons A particul ar conponent nay have
zero or nore connections to a board. For exanple, a resistor has only two
connections, an | CSemetimesecdmputentitypes megmoebs keden, bund vdyasd  si nk  may
have none. 20 A s |§%¥mgfta ce of a connection is the phot oni ¢ connecti on
(e.g., a conr@@?’B%ﬁ PemvPes: fihinip thegase. dhe F%dmimgmu ces, or
a connecsi on HRhees hot oni ¢
connect or or cégﬁ le). édﬁeiiﬂ%g%éﬁ%ﬁ%ﬁlég%@??ﬁﬁé (gt(r)l:’%nfgﬁ 'F(&)r'%négg%%ggom c 25
connection i s yrssdsines earmpensntitypes canofen be Fifemed fom Plavkageotypes)boar d wher e
an optoelectronic transmtter is connected to an optoel ectronic receiver by
means of a fiber optic cable, the transmtter, receiver and cable .would

all be

Connection Properties
10
A “connection” is (typically) how a component is electrically connected
to a board. As a result, 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,
15 _ including pins, leads, balls, columns, and other contacts. Both soldered and
press-fit components comprise connections. A particular component may
-have zero or more connections to a board. For example, a resistor has only
two conneétions, an IC may have hundreds of connections, and a heat sink

may have none.

20
A special instance of a connection is the photonic connection (e.g., a
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 elecirical connection, a photonic
25 connection is nonetheless used to transmit signals. Thus -on a board where

an optoelectronic transmitter is connected to an optoeiectromc receiver by
means of a fiber optic cable, the transmitter, receiver and cabie would all be

components, with the cable having a connection at each of its ends.

30 | An assumption factored into the following discussion is that bare




conponents, with the cable having a connection at each of its ends. 30 An
assunption factored into the follow ng discussion is that bare 11/04/ 2006
-12- boards are "known good" before val uabl e conponents are mouhdd®%$n2006
them Thus, it is assuned that there are no node trace defects (e.g.,
shorts, opens, or qualitative itens |ike inproper characteristic

| npedance) intrinsic to a board at the tine conponents are placed. 5 In
one enbodi nent of the FIG | nethod, the fundanmental properties of a
tonnection conprise: shorts, opens and quality. A short is an undesired
connection. Shorts are typically caused,by 10 attachment defects such as
bent pins and excess solder. As a result, shorts nmay be enunerated using a

pr oxi mi t y- bas édanisdeé ‘roee ddod’ bapre VAluibl® coinpsnerf€a mopited ofithdt. C, D, E)
are within a Z_%eci_fied "shorti radius, r", then there s an opportunity

for themto bd HrdtisgEsYRee 13 redre %W%@W@%@?@%ﬂsw%opﬁﬁﬁpi ns
shoul d be enugpgadiestivastethsiRE #biopkt! %ﬂﬁég@ﬁéﬁtg\e@?gimy in¥irlc 18 a1° bo%d-

Proxi m ty-based shorts enuneration nay en using 1) the

| ocation of eheardgitthe time campenerds afe platashr d (top or bottom) on which a
conponentg i s nounted, ‘and 3) information as to whether a conponent 300 is
surface or through-hole nounted. 20 Since a short is a reflexive property
of two pins (i.e.,iniche@mbo8irhentohthe R, 1tnaethod) the firdamepianpBpefiieghorted to
pin A), a test, suite's over%%g f a short is Dbest assessed by enunerating

c
a short for oM3casnectan ¢qmp PHS opgRe AN AuUAkY-at i ng shorts, it is
possible that two pins within a shorting 25 radius wll be connected to
the sane node by a board's l-ayout. As a result, it mght seemthat a
potenti al | y def ec sherigpepungegimseopnedion. ihorisxars typisaliywearsedtbiyese t wo

Pins. HQWeveru.an iRt adibdls ShicFES bert i S e 8L Soighs | As §¥dsth sHaRd
may be enumerated using a proximity-based model (see FIG. 3). i two pins
(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

15 board. Proximity-based shorts enuméraﬁon may be undertaken using 1) the

XY location of each pin, 2) the side of a board (top or bottom} on which a _
camponent is mounted, and 3) infdmg_ation as to whether a component 300 is
surface or through-hole mounted. |

20 Since a short is a reflexive property of two pins (i.e., if pin A is shoﬁed
1o pin B, then pin B is shorted to pin A), a test suite's coverage of a short is
best assessed by enumerating a short for only one of the two pins.

When enumerating shorts, it is possible that two pins within a shorting
25 _ radius-hwill be connected to the same node by a board's layout. As a result, it
might seem that a potentia!l.y deféctive short property does not exist between
- these two pins. However, a bent pin or excess sdlder couid still exist, and
the pins rﬁight therefore be shorted in an inappropriate manner. As a result,
a short property can still be enumerated for these pins. Only some testers
30 can test for such a short property, and an identified defect may be benign.




the pins mght therefore be shorted in an inappropriate manner. As a
result, a short property can still be enunerated for these pins. Only sone
testers 30 can test for such a short property, and an identifieahﬁﬂ%%zoﬂﬁy
be benign. 11/04/2006 -13 However, the defect mght warn of a reliability
Fssue or process problem In the past, electrical testers with full nodal
access to a board would test each node for electrical independence from
all other nodes (unless there 5 existed a reason for why the nodes m ght be
properly shorted). Although thorough, these testers tested for a | ot of
shorts that were highly inprobable. Vakgable test tinme was therefore
wasted. Now that electrical access to a board' s nodes has becone |imted,
new t echnol ogildeveveydhe defeehmiodt wameaf @oelistity issve or poBess wbblefese

t echnol ogi es focus on subsets of board 10 nodes, and these subsets are
typically (but not necessarily) disjoint. By enunmerating potential shorts
usi ng a proxim ty- hategashecirichitestersGritt full metdedcessto ladidaed wobhlr act eri ze

t he shorts coverage of .t hes ew . technol ogj es. .15 An en (soneti mes
Feferred Lo harteachgods R slertiogiadenenisnce Faitiel oiher Seres waless tere
connecti 0. TyRisted & ¥oassh farRHY thénm%?%%?@eﬂﬁsﬁ&%ﬁaﬁ%oudhor exanpl e,

when there is an infinite diréct current npedance’ between a pin and

t he board nodéhgsauph. dhemeitesicrsttested fgdoisef¢hods Het weralughipimprobablee i s a

class of "resishiXE" ) L QNS _ / . y be 20

electrically :"%%éﬁ’?%%%%ﬁ%@g%ﬁé%ugg%éigé%%%%ggﬁ?Et I on,

potential debeatls rmiesdas betdms imited ine teehrfoyiadidvensisan renuner at ed as
referred enbodi nent of the FIG |

qualitative onnection properties:. ln a p

Tethod.  the off SEERIONts: MADY o5 iese serippIobise FaCusGHRboS ! BRAE | s

enuner atfy | snoded) Bhd tHéRbistiiset®aretyBiBAllY (but not necessarily) disjoint. By
enumerating potential shorts using a proximity-based model, the FIG. 1
method can better characterize the shorts coverage of these new

technelogies.

15 . An open (sometimes referred o herein as a “joint open™) is a lack of
continuity in a connection. Typically, an open is complete - as is the case,
for example, when there is an infinite direct current (DC) impedance between
a pin and the board node pad to which it is subposed to be connected.
There is a class of “resistive” connections that are not truly open that may be

20 eiectﬁcaliy invisible during test. For purposes of this deseription, potential

defects based on these resistive connections are enumerated as qualitative
connection properties: '

in a preferred embodiment of the FIG. 1 method, the only qualitative
- 25 property of a connection that is enumerated is "join_t quality” or simply
“quality”. Joint qu-alfty encompasses defects such Vas excess solder,
insufficient solder, poor wetting, voids, and so on. Typically, these defects
“do not result in an immediate (or permanent) open or short. However, they
indicate process problems and reliability problems that heed to be

30 addressed. For example, insufficient solder can resuit in an open joint later




"quality". Joint quality enconpasses defects such as excess sol der,

I nsufficient solder, poor wetting, voids, and so on. Typically, these
defects do not result in an imrediate (or permanent) open or shé/©04/2006
However, they indicate process problens and reliability problens that need
to be 30 addressed. For exanple, insufficient solder can result in an open
joint later 11 11/04/2006 -14- in a board's |life. Excess solder on adjacent
pins can increase the capacitance between the pins, to the detrinent of
their high-speed signaling characteristics. Inproper wetting or voids may

| ead to increased resistance in connectigons. Certain qualitative defects
such as a properly formed but 5. cracked joint are very difficult to test.
Yet, these deffe@t@atdpliedExeesssvidanonadiscantniomesninciegse the potential |y
defective pro bt ! tq \ er. | ¢ .of testing
for a potenti %ig Félélﬁg?éeg%?‘%gnqﬁggg’rwﬁe F%$F%RE%§ﬁélf h’gb Sstoﬁlg(gggbgi}” eal ed
when boar d t esharaciegstinge Iinpropes welting .or ¥0idvihdy lead fodintrebsedesiztanasd short s,
note that a pho LG connection . woul ically be susceptible to opens,
but shorts mﬂl%"%@ﬁﬁwﬁe%@&%‘fﬁ'ﬁ% %%Fh@%ap‘?m?‘ﬂ%ﬁfgﬁ'ﬂg&’ﬁ%s, as coul d
occur if &abl emcked pirt ahprsd difficult 18 oAb VEE tieRBRREdIPEIMPHE L1 es, toget her,
are referred to at tines herein as the SOQ properties (i.e., shorts, opens

and qual i ty) . consideredin enumpasatingthe petestialy defeciivawrenasiesdbraof t hese
potentially i I; , r S| . ot hers.

- However, it ?g&fvﬁ\n%tbﬁﬁ i?ﬁg%%ﬁiéa éﬁtﬁ%?@e%sc %Q%QR@& d@ﬁ%‘?“i’ﬂgate | ess than

al |l of these prperét ttiiebestribitdhis i fevealed wh2f bparplest ¢éoverageus t her nor e,

di fferent onea} 8§setdhé SOQ property set could be enunerated for different
conponent s and/or conponent types on a board.

10
With respect to opens and shorts, note that a photonic connection'
would typically be susceptible to opens, but shorts would only be possible
between other photonic devices, as could occur if cables were swapped.
16 The above connection properties, together, are referred to at times

herein as the SOQ properties (i.e., shorts, opens and quality). The FiG. 1
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

20 properties. Furthermore, different ones of the SOQ property set could be
enumerated for different cdmponents and/or component types on a board.

Property Scoring
8
According to the FIG. 1 method, for each potentially defective property
enumerated, a-propery score is generated. Each property score is
" indicative of whether a test suite tests for a potentially defective property.

30 A In a simple scoring system, a potentially defective property is either




Property Scoring 25 According to the FIG | nethod, for each potentially
defective property enunerated, a property score is generated. Each
property score is , indicative of whether a test suite tests f&L/94/2006
potentially defective property. 30 In a sinple scoring system a
potentially defective property is either 11/04/2006 -15- tested for, or
not. However, such a sinple scoring will often fail to expose enough
variance in the test coverage offered by different test suites. In one
enbodi nent of the FIG | nethod, a test suite's testing for a potentially
defective property is scored as: Fully kgsted, Partially Tested, or
Untested. 5 So that it is easier to conbine these scores, they may be
converted to B8REfrcarN naiqiiowsvensuch 8 sintple scoring wilhoier fad o exesei al |y

i s descr pt 909008 v g B ekt coxBRed RIS bdle Bl g e hone, " e "

same pot ent i aldnybodivhenttaf e Fi. op@éthudla‘tebmatarsq@ﬁrnrgwompb@ﬁﬁﬁ@ by two or

nore tests |n(§ st suite, In such i nstances, it should not be assuned
that two Parti f“f‘%"?@@tpéﬂy csseead %ﬁid: ‘{"M Tegteg) Ba'é'al%TﬁﬁeCFé%tLE@%%re Such
an additign C%tﬁadms%siéndﬁédr%ﬁ@t k}’tﬁé?&a& b what i's
tested by each of the two tests. By efault ere ore safer to

combi ne two pRuEmeries equiyalestsusiighggss MAX( ) function. Thus, for exanple, two
Partially Tested scores 400, 402 (FIG 4) conbine to 20 yield a Partially
Tested score 404. FI é Il ustrat ES t he conbi nati on of PCOLA scores

corresponding to | atl ! eéat‘gd tes"tb g of the sane

10 Fully Tested =1.0

As will be explained in greater detail 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

15 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
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() functidn. _
Thus, for example, two Partially Tested scores 400, 402 (FIG. 4) combine to

20 yield a Partially Tested score 404. FIG. 4 iliustrates the combination of |
PCOLA scores corresponding to ICT and AQI testing of the same
component. '

25 ' Con'igonent Scoring

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:

30
- RDS(d) = dps(P) + dps(C) + dps(O) + dps(L) + dps(A)




conponent. 25 Conponent Scoring If the PCOLA properties are the ones that
have been enunerated, then the property scores (dps) for a given conponent
(d) may be conmbined to generate a "raw conponent score" (RDS) ad/flA[ 3096
30 RDS(d) = dps(P) + dps(C) + dps(O + dps(L) + dps(A) 11/04/2006 -16-

t ndi vi dual conponent scores nmay be conbined to generate a board conponent
score (i.e., anindication of a test suite's conponent coverage in )
general ). 5 Board component scores for different test suites and the sane
board nay be conpared to determne the relative test coverage that each
suite provides for the board. These caggari sons may then be used in
selecting a test suite that provides adequate test covérage for a board.
Not e, however, thidividua! eeraponant seores mayibecombineddogeheratsyabage! may not be

chosen due to h b ded for execution, cost of -
- execution, eagéﬂlgpﬁ&?t%pcﬁrgﬁggﬂ gﬁ%grg%éﬂgﬁgf’g%osgmiec%mrﬁ@ﬁﬂg%e,r%ge 'H*ay al so be
conpared for geherapurpose of adjusting the makeup of a test suite. For

exanple, if a certain defect is being noted In the field", additional
tests for this defect m ght be desired. 15 Board conponent scores may al so

be_compargd for a mateBoiBohent S¥re8 br diflerbf B RABELNG IHe daind oDl € L O

eval uate the robustness of a test systemin its Ity to di fferent
types of boar B@ybgcompareshipsieterminge e relstiveniesteavedragieftbateach 2dite

provides for the board. These comparisons may then be used in selecting a
test sgite that provides adequate test coverage for a board. Note, however,
that the test suite offering the “best” coverage may not be chosen due to

10 factors such as: time needed for exec&tion, cost of execution, ease of
implementation, etc. Board component scores may also be compar;'ed for
the ﬁurpose of adjusting the makeup of a test suite. For example, if a certain
defect is being noted “in the field", additional tests for this defect might be

desired.
15
Board component scores may also be compared for a given test
system. In this manner, it is possible to evaluate the robustness of a test
system in its ability to test different types of boards for the same types of -
enumerated defects.
20

Connection Scoring
If the SOQ properties are the ones that have been enumerated, then
) 25 . the propern{ scores (cps)for a given connection (c) may be combined to
generate a “raw connection score” (RCS) as follows:

RCS(c) = cps(S) + ¢ps(O) + cps(Q)

30 : Individual connection scores may be combined to generate a board




Connection Scoring If the SOQ properties are the ones that have been
enunerated, then 25 - the property scores (cps) for a given connewg Bc)
may be conbined to generate a "raw connection score" (RCS) as f LY R/ 2006
RCS(c) = cps(S) + cps(O + cps(Q 30 Individual connection scores-nmay be
tonbi ned to generate a board 11/04/2006 -17- connection score (i.e., an

i ndication of - a test suite's cannection coverage in general). Simlarly to
how board connection scores may be conpared for different test suites
and/ or boards, board connection scores nmay al so be conpared. Ceneration of
Property Scores 10 Property scores are derived fromthe tests of a test
suite. For each test, it is determ ned 1) what conponents. and connections
are ref er encedcappectionescoessti.e., andndigatino wl adest suitels ponrestiomtoverasf isct i ve
properties of Emara,gorrponents and connections are tested by the test.
Fol |l owi ng are Sone ‘15 exenplary fornulas for deriving scores fromtests.
Unpower ed Anal og El ectrical Tests 20 The followi ng definitions nay be used
by an unpower ed angl o] tesh%{system Test statement For analog in-circuit,

this is the sourceSW{sY 1o hewdorghranneation sepafmanke CPBPFBATY the
measur eneot { Ioirent (bt SLtdLindlor Holarde? bbB doRRLRANRbRIHhaf AR0BL Wi te 2

reasonable test, then it comments t nmeasur enent stat _ n-an anal og
in-circuit tespmpaedi ce-linmt: The tol erances of the device as entered in
boar d

Generation of Property Scores

10
Property scores are derived from the tests of a test suite. For each
test, itis determined 1) what components and connections are referenced by
the test, and 2) how well_ the potentially defective properties of the
components and connections are tested by the test. Following are some
15 exemplary formulas for deriving scores from tests. : f

Unpowered Analog Electrical Tests

20 The following definitions may be used by an unpowered analog test
system:

- Test_statement: For analog in-circuit, this is the source-level
measurement statement that performs the measurement (i.e., “resistor”). If
25 - the test generator cannot write a reasonable test, then it comments the

measurement statement in an analog in-circuit test.

Device_limit: The tolerances-oi‘ the device as entered in board -
. topology. '
30




topol ogy. 30 11/04/2006 -18- Test-limt: The high and lowlimts of the

test as specified in the test source. Al though high and | ow |i s he
be considered separately, for sinplicity, they are treated conic{tqék/eefgbl%n
the following rules. For analog in-circuit tests of resistors, capacitors,
fuses, junpers, inductors, field-effect transistors (FETs), di odes, and
zener diodes, score: Presence (P): if (test-statenment not comrented) then P
= Full 10 Correctness (C: if (L > Untested) then C = Partial 15 20
Liveness (L): if (test_limt < 1.8 * device limt) thenL = Full, elseif
(test_statement not commented) then L =qgPartial Oientation (0): if

((test _type is DIODE or ZENER or FET) and (L > Untestedmzj then O = Full
Shorts (S): if (P Esnnltr@t;t‘é!@ah@h@ndﬂm«kmwofmgt@s@éﬁa@@i jodéhentesiNode B)

OQpens (JO): { (ség ~ 25 The

Mar k- Short s- C% 'E Hﬁ&?@ g')' ﬁé&ﬁﬂ"@ﬁ'\@ i%ftg@)ﬁ?&g?ﬁgfe‘a %ﬁ%y’qktde_B) as

Fully Tested. sii?fpl;&;ty tdyustesrepion qolibdtivelyiin dRvollesingtlles. than the target

devi ce(s). For transistors (two diode tests and one BETA test), score: 30

35 _ ‘
5 . For analog In-circuit tests of resistors, capacitors, fuses, jumpers,

inductors, field-effect transistors (FETs), diodes, and zener diodes, score:

Presence (P): if (test_statement not commented) then P = Full
10 Correctness (C).  if (L. > Untested) then C = Partial
Liveness (L) if {test_limit < 1.8 * device_limit) then L = Full,
else if {test_statement not commented) then L =
Partial
15 '
Orientation (O): if ((test_type is DIODE or ZENER or FET) and (L
- > Untested)) then O = Full
| Shorts (S): if (P > Untested) then
20 : Mark_Shorts_Coverage{Node_A, Node B)
Opens (JO): if (P > Untested) then device’s pins score JO =
Full .

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 (iwo 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, else if {((BE_diode statement not
o : o 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




Presence (P): if ((BE diode_statenent not commented) and (BC_di ode
_statenent not commented) then P = Full, else if ((BE_di ode Stfi?raef}ZBEitG
comment ed) or (BC _di ode statenment not comrented) then P = Parti
Correctness (O if (L > Untested) then C = Partial Liveness (L): if
((BETA-test-statenment not commented) and 11/04/2006 -19 (BETA test _limt <
1.8 * BETA device_limt))- then L = Full, else if (BETA-test-statenment not
commented) then L = Partial 5 Orienation (0): if (L > Untested)- then 0 =
Full, elseif ( P> Untested) then O = Full Shorts and opens coverage on
base, emtter and collector joints are_f4gncluded in the above tests for

di odes. 10 In the above scoring, note that BE (basefemtter) and BC
(base/col l ector) tests are PN j utfRTifatestdineib<(lifht BERActeviasr imRY presence of
the device. A diode test is useitend  Egll, eisedt (BRTA_ftest, statemenhmate t hat
BETA-t est - st at enent neasur es t hecaromerted) thenh ®Pattlab transi stor for two 15
different values of base current. For part libraries, including but not
limted td resi st oOripration,(Oach if ¢t Udtesterl) eiedSORBpulbelsE H§P >0 assess its
parent. Thus, 20 Presence (P): RmestbBpthBR® =Fugsence score of any child>
Correctness (O : if (L > Untested) then C = Partial Liveness (L): if

(children-live-tested-fully equals 25 total _nunber of children) then L =
Full, else if Shorts and opens coverage on base, emitter and collector joints are

included in the above tests for diodes.
10 )

In the above scoring, note that BE (basefemitter) and BC
(base/collector) tests are PN junction tests that check for the presence of tﬁe
device. A diode test is used to test the junction. Also note that

- BETA_test_statement measures the current gain of the transistor for two
15 different values of base current.

For part libraries, including but not limited to resistc;r 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 (children_live_tested_fully equals
25 total_number_of_children) then L = Fuli, eise:if
: _ {children_live_tested_fully >= 1) then L = Partia}

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

30 Shorts and opens coverage on pins of child devices are included in
their subtests. ' L

Note that children_live_tested_fully equals the number of child
devices scoring L = Full. Also, total_number_of_children 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.

-t A




(children-live-tested-fully >= 1) then L = Partial Oientation (0): if (L =

Full) then O = Full 30 Shorts and opens coverage on pins of child devices
are included in their subtests. - Note that children_|ive_t esté&@4'§/2006
equal s the nunber of child  devices scoring L = Full. Also, total-nunber- of

children equals the total 35 nunber of child devices and does not include
"no test" child devices. "No test" devices have an "NI" option entered in
board topol ogy. 11/04/2006 -20- For switches (threshold test - m ght have
subtests) and potentioneter (resistor test with two subtests), the
following rules may be applied after alpg. subtests have been scored

according to previously provided rules: 5 Presence (P): P = <the best
presence score of FAESWIRhea(Eresholddeste miglidve epbtepts) and poteptiameter) t hen C

= Partial Liv L ik - I L0, 1 nunber of
subt est s) theﬁéﬁgg)r(tu I“,nﬂhetlﬂée%ul gt%%éﬁ%@g?f‘%gg'{%ﬁ%@pﬁgd &?értaawen L =
Partial O i esublesisrhayebecscired acSirding do parevicuplypsovidedenuiege on pi ns  of

tested devices are included in their subtests. For capacitors in a

paral | el network, -where t{]% equi val ent capacitance is the sumof the
devi ce val ues, eadWes&eRFor i F svig e prasence peasasl thewhildrepr esence (P):
if ((test high_limt - device high |limt) < (test lowlimt)) then P =
Ful | Shorts (9S): i¢omgstagssdSied) LiveHntested) then C = Partial

Liveness (L): if (subtest_tested_fully equals

10 total_number_of_subtests) then L = Full, else if
(subtest tested fully >= 1) then L = Partial
Orientation (O): O=L
15 ~ Shorts and opens coverage on pins of tested devices are included in
their subtests.
For capacitors in a parallel network, where the equivalent capacitance
is the sum of the device values, each capacitor is evaluated as follows:
2
-~ Presence (P): if {{test_high_limit - device_high_limit) <
(test_low_limit)) then P = Full
- Shorts (S). if (P>Untested) then
25 _- Mark_Shorts_Cov'erage(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 itseif (and test_low_limit is the
opposite). Device_high_limit is the positive tolerance of the device being
tested, z;dded 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




Mar k_Shorts Coverage(Node A Node B) Opens (JO: if (P>Untested) then both
connections score JO=Full 30 In the above fornulas, test high |i t he
higher limt of the accunulated tolerances of the capacitors, Fl(ropr%‘lﬁ\ép
the expected nmneasurenent errors of the test systemitself (and test | ow
Fimt is the opposite). Device_high_limt is the positive tol érance of the
device being tested, added to its nom nal value. Node A and Node -B are

t hose nodes on 35 the capacitor pins. Only those capacitors determned to
be tested for Presence are 11/04/2006 10 15 -21- eligible for Joint Shorts
and Joi nt Opens coverage. Parallel capagiftors are not eligible for the
remai ni ng properties of Correctness, Liveness and Oientation. The

i npl i cations o¢ligithe &orrginé Sherts wwbémet Qeemﬂqveragen Pardllet capdcijors arg e,

i oh {1 cauonty AeaBIP e bR e Rt Go PR ks R0 Cicampl e 1.

Consi der Cl = Gfiéntaffori.n parallel with C2 =100nF, both with 10% t ol erance.
For Cl1, 660 -- 550 = 110 < 540, so P = Full. For C2, 660 - 110 = 550 > 540,
so P = Untested. 2 Consi der six 100 nF capacitors in parallel, all with

gg?acit ?Lresance Forrn@impiR&fors'drinis e forbypals cifacRors :%?éﬁt?%b@f each
' ow-frequency bypass capacitors will receive a grade for Presence. Small,
high-frequency capacitors will score Untested for Presence. For example:

: 1. Consider C1 = 500 nF in paraliel with C2 = 100nF, both with
10 10% tolerance.
For C1, 660 - 550 = 110 < 540, so P = Full.
For €2, 660 - 110 = 550 > 540, so P = Untested.

2. Consider six 100 nF capacitors in parallel, all with 10%

15 tolerance.
For Cx, 660 - 110 = 550 > 540, so P= Untested for each
capacitor.

20 TestJet® Test

| TestJet® tests measure, for each pin ona device, the capacitance -
between the pin and a sensor plate placed over the device package. Some
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):  alltested pins score JO = Full
30 . . _

In some cases, due to limited access a TestJet® measurement is
made through a series resistor connected dlrectly to the device under test.
Consequently properhes of the series resistor are lmphcmy 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'




20 TestJet(r) Test TestJet(r) tests neasure, for each pin on a device, the
capaci tance between the in and a sensor plate placed over the divupe
package. Sone of the pins of the device can be omtted fromte ﬁ,ﬁﬂ/2006
TestJet(r) tests are 25 scored for each tested device as: Presence (P): if
(at _| east one pin tested) then P Full Opens (JO: all tested pins score JO
= Full 30 35 In sonme cases, due to limited access, a TestJet(r) neasurenent
is made through a series resistor connected directly to the device under
fest. Consequently, properties of the series resistor are inplicitly
tested. The TestJet(r) pin neasurenent2zan only pass if the series
resistor is present and connected. Thus, the Presence ofaihe series

resi stor i nhestere of the testedipiniid. B foryesisivns JOsorapldhe tested BB)-t est ed pin
i.e., P.f i = ; ; i i t he Joi nt
(i.e or 'i.?(%r egfﬂ? J&?ﬁ%ﬁ{ﬁgﬁ%r@@??eﬁ&%ﬁ%% ésasto'*iﬁkﬁplé&tﬁw e Join

e
OQpen property stor s inplicit st'ed by a test
of the pin. Thestekbbyns tegh ehtheqin.eThedoiti@paresdoes far dpsanestcomposenti nheri t s,

the JO score of the tested devicg,.jqQint (i.e. .. = JO secore of. 5 tested
bimy . Thus. i Alea et B i 0 SEib edh tniSe g P itEs BB Pcs ot
traditiomal | yidshRMER] THusaim 4 RAied &c@es enviRyinmeet, pesdeptibsast dovicks ndtt
therefore pays to ask, "What does it nean if a test gasses?' Pol arity

Check 10 A Pofraditienaligiaueht efsas tast faraeis wanpateriedapwel: S hasefom tipl e
capacitors aﬁ%s%%sﬁ,e'w:ﬁ%%gs ﬁ%néaﬂgg&%'éﬁie %fésgéﬁnce (P): if

(devi ce-test-stat enent comment e
Polarity Check
10 '
' A Polarity Check test usually contains subtests for multiple capacitors
and may be scored as follows:
Presence (P): if (device_test_statement not commented) then P
15 = Full
Orientation (O): if (device_test_statement not commented) then O
= Fuil
20
| Connect Check Tests
A Connect Check test usually contains subsets for multiple devices
and may be_écored as follows:.
25 , , . :
Presence (P): if {davice_test_statement not commented) then P
7 ' - =Ful '
o Opens (JO). if (P > Untested) then tested pins score JO = Full
30 o .
Magic Tests

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




15 = Full Oientation (0): if (device-test-statenent not conmented) then O

= Full 20 Connect Check Tests A Connect Check test usually cont gh@ gasts
for nmultiple devices and may be scored as follows:. 25 30 Pres ‘f 006y
If (P >

(devi ce-test-statenent not commented) then P = Full Opens (JO:

Untested) then tested pins score JO = Full Magic Tests A Magic test is one |
test that contains nultiple device tests. The 11/04/2006 -23- scoring bel ow
wi |l depend on the fault coverage nunbers cal cul ated for each device by
the conpiler. A value of "2" for a particular fault neans the fault is
bot h detectabl e and di agnosabl e. A valugzof "1" for a particular fault

means the fault is only detectable. 5 Presence (P): if (OpensDetected >= é
1) then P = FuicbringelowwilhdependOn the faufticoverage esitrie)s calewiaied forrachi al 10 |

Li veness (L): d%ev:c'gi(by?q(—%/Hl h o2 Qag’%%%'vfgh% pf’E‘CQ’abﬁ”ké?%‘ﬁ)s)tk? FPé'WPart i al

Oientation (

Parti al both detectable and d:agnosable A value of “1" for a particular fault means
the fault is only detectable.
s ;
Presence (P): if (OpensDetected >= 1) then P = Full

Correctness (C): i {L. > Untested) then C = Partial

10 Liveness (L): . if{{VeryHigh >= 1) and (VeryL.ow >= )} then L. =
Partial

Orientation (O): if {(test_type is FET) and (L > Untested)) then O =

Partial
15

_ Digital in-Circuit Tests

Digital In-Circuit tests (excluding. Boundary-Scan) are extracted from
20 prepared libraries of test vectbrs and are often modified in tight of board
' topology For a Digital In-Circuit test, device and connection propertles may'
be scored as follows:

Presence (P): if {pin_outputs_toggled>0) then P = Full
25
' Correctness (C):  if (pin_outputs_toggled>0) then C = Partial
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 (pinﬁ_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 hlgh and low signals.




15 Digital In-Crcuit Tests Digital In-Crcuit tests (excluding.

Boundary- Scan) are extracted from 20 prepared |braries of test Xeﬁ%ff
and are often nodified in light of board topol ogy. For a Digita?‘ }/ Bas
test, device and connection properties may be scored as follows: Presence
(P): if (pin outputs toggled>0) then P Full 25 Correctness (O : if
(pin_outputs toggled>0) then C Partial Orientation (O: if

(pi n_out put at oggl ed>0) then O = Full 30 Liveness (L): if :
{pin_outputs toggled>0) then L = Full Joint Qpen (JO: if (pin_is_output)
and (pin toggled) then JO = Full, elsezsf ((pin_outputs toggled>0) and
(pin-is-input) and (pin toggled)) then JO = Partial 35 In the above
fornul as, pin_out plipst ppgpess aresprefesabiy neear sopred bepiar thag Sartlsl sineect i onal )

pins that are ted f recei vi hi gah and | ow, s{gnhals..11/04/2006 5 -24-
| nput pin opeﬂé?@tg%vlgkgrp b’%%%?ﬂ"%@%‘?éﬁeb@?q Ziﬂ}nﬁea%sb\gq]qqua ince 1)
faul t simul at edv@bbérediscardee day td RFBlogicaPdonflicR(@.g2)tiedPis)! est vectors may
have been di scarded due to topological conflicts (e.g., tied pins).
Boundary- Scan Tests 10 Boundary-Scan In-Circuit tests may be scored as
sinple digital In- GCrcuit tests (see supra). Al Boundary-Scan tests

I ncl ude TAP (test access port) integrity tests
Boundary-Scan Tests

Boundary-Scan In-Circuit tests may be scored as simple digitai In-
Circuit tests (see supra). |

10
All Boundary-Scan tests include TAP (test access port) integrity tests

that ensure that the Boundary-Scan control connections and chain wiring are
working. Thus, each test covered in subsequent sections will cover all

_ defecis related to this test infrastructure. For each device in a Boundary-

15 Scan chain, the following scores are given:

Presence (P): P = Fuil
Correctness (C):  if (Device has an ID Code) then C = Full, else C =
20 : Partial ‘ .
Orientation (O): O = Full
Liveness (L): L = Full
25 - .
Opens (JO): For TCK, TMS, TDHi, TRO pins, JO = Full;
' For TRST* and compliance enable pins, JO =
Partial :
30 Implicit Coverage: Check all TAP and compliance enable pins for
implicit coverage of series components (see
“Implicit Device Coverage” later in this
_ Description).
35 For Connect Tests, score:

Opens (JO):  For each tested pin, JO = Fuli;




that ensure that the Boundary-Scan control connections and chai n wring are
wor ki ng. Thus, each test covered in subsequent sections wl| i{i/ 24}
defects related to this test infrastructure. For each device in 8 n%gp>§
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: 0 = Full Liveness (L): L = FuII 25 Opens (JO:
For TCK, TMS, TDI, TDO pins, JO = Full; For TRST" and conpliance enable

pi ns, JO= Partial 30 I nplicit Coverage: Check all TAP and conpliance
enable pins for inplicit coverage of sk es corrponent s (see "Inplicit
scription) For Connect Tests, score:

Devi ce Coverage" later in this lae
Opens (JO: For each tested pin, 95?33'1:@199 h@i‘f’@’@"i@@@"ﬂ@@%ﬁ, deh fixed

hi gh/1 ow or hol d high/low pin, JBatial partial Inplicit Coverage: Check al |

tested pins for inplicit coverage of series conmponents. For |nterconnect
Tests, score: 10 1%nplicit Coverage: Check all tested pins for implicit coverage of

5 ‘ series components.

For Interconnect Tests, score:

Opens (JO): For each tested pin, JO = Full;
10 For each fixed high/low or hold high/low pin, JO =
- Partial

Shorts (S): For all nodes tested, Mark_Shorts_Coverage().
Powered nodes should be added to this list
15 because shorts between Boundary-Scan nodes
and powered nodes are detected as well.

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

20
For Buswire Tests, score:
Joint Opens (JO): For each tested pin, JO = Full;
For each fixed high/fow or hold high/low pin, JO =
25 _ Partial
Impiicit Coverage: Check all tested pins for implicit coverage of
' series components.
30 For Powered Shorts Tests, score:
" Shorts (S): For each unnailed node A associated with silicon
nodg B, M‘ark_Shorts_Coverage (A, B)
35  Implicit Coverage: Check all tested pins for implicit covérage of
: : 7 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,
10 )

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




20 Opens (JO: For each tested pin, JO = Full; For each fixed high/low or
hol d high/low pin, JO = Partial Shorts (S): For all nodes testfg, I\@é
_Shorts_CoverageQ Powered nodes should be added to this |ist é@a 56006
shorts between Boundary-Scan nodes and powered nodes are detected as well.
[mplicit Coverage: Check all tested pins for inplicit coverage of series
conponents. For Buswire Tests, score: 25 Joint Opens (JO: For each tested
pin, JO = Full; For each fixed high/low or hold high/low pin, JO= Partial
Inmplicit Coverage: Check all tested pins for inplicit coverage of series
conponents. For Powered Shorts Tests, s@ere: A silicon nail test tests a
target non-Boundary-Scan device. For these tests, devices may be scored
identically to digital In-G rcui 8®¥e%PiedO =rrinkert dpovalug Fdgraerepviasch
Boundary-Scan pin used to test aPidrget Shorts (S): For each unnail ed node
A associated with silicon node B, Mark Shorts_Coverage (A, B) 35 Inplicit
Cover age: Check al Ilmplis?ﬁt@?er&gqes foeck alplestedtpinoforinagdieit ofveramy afes
conmponent 8. 11/ 04/ 2006 -26 devi cserEscombonentsi nherit JO val ue of target
devi ce ‘

Analog Functionai Tests

10 Tests that apply to a device will receive PCOL and JO scores. Tests
that apply to circuit function may be considered “intangible” and scored as
such.

.5 Presence (P if (device_test_statement not commented) then P

= Full

In the above case, the device_test statement can take a variety of
forms. For example; many anajog powered tests contain calis to
measurement subtests. Other tests do not contain subtests, and take onlya -

20 single measurement. 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 (Cy:  if (L. > Unte.sted)_the C = Partial

0 Liveness (L): if (P > Untested) then L.= Partial
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.




pin> Inplicit-Coverage: Check all tested pins for inplicit coverage of
series conponents. Anal og Functional Tests 10 Tests that apply iﬂfq‘gﬁ' ce

will receive PCOL and JO scores. Tests that apply to circuit f
be considered "intangible" and scored as such. Presence (P): if (device
test statenent not commented) then P 15 = Full in the above case, the

devi cetest _statenent can take a variety of forns.  -For exanple, many anal og
powered tests contain calls to neasurenent subtests. OQther tests do not
contain subtests, and take only a 20 single nmeasurenment. Various criteria
will therefore be required to determ ne27whether a test source is

comment ed. For exa%lr%lrle for tests having subtests, a conpiler can | ook for

unconment ed "t est shraiecsto Joind Qrenst tested Rins aregingsiodifot ests, the
conpi | er can tc%%ét@é di‘é‘% QUTEE B §tecBF 28K bes, conreRRGH; fogﬁtfkﬁ naotatements.

The remai ning P properties may be 25 score ows: 30
Correct ness ( Gubtest sNdn!&oﬂ!gnbeso:midereﬂéor@ovemeuf thé sulbitestamastsalp): if (P >
Unt est ed) then L P ial. Oientat (O: if (P> Untested) then 0 = Full
Opens (JO): ?@%{SEIE}C?"HE}? geén "Full for tested pins 35 Note that
t he aboves Correct ness and Liveness scoring assunes that tests perform
meani ngf ul nmeasurenent (s) of a device's functions. 11/04/2006 -27- Wth
respected to Joint Opens, tested pins are defined to be

Coupon Tests

‘ A coupoen test is assumed to be well formed. That is, the
10 manufacturing process is assumed to follow rules about the sequencing of
devices during placément. For coupon tests, the “representative” ié defined
as the device actually being tested. The representative represents
“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: :

Corfectneés (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 such as a series termination resistor, then the presence of that
30 resistor is implicitly tested by testing the tested device. Thus,




connected to a source or detector. As a result, connections found within a
subtest should only be considered for coverage if the subtest iiligéﬁﬁéh%
being called and is not cormmented. Coupon Tests A coupon test i o
be well formed. That is, the 10 manufacturing process is assuned to follow
ful es about the sequencing of devices during placenent. For coupon tests,
the "representative" is defined as.the device actually being tested. The
representative represents "constituents”, which are devices not being
tested. The representative is - scored accordlng toits type, and the
representative's constituents are scoregg. 15 as follows: Correctness (O):
<constituents inherit the C grade of their - representative> 20 Inplicit
Devi ce Coverage SofEesgsoe ds, duB = epresencecgomcefdesied decerot directly
tested by a tester, but may have properties inplicitly tested (e.g., when
a seemngly 25 unrelated test passes, and it is can be deduced that the
test cannot pass Haltestyesouncnisicangedted (o tavtutt dévicetheighta stridsconnect ed.
If a test resource is connected to a_tested_device through a series

conponent sucRORECRCESHERRES 8 SPRPHIMBIRLIPR ESiRieyy th@ﬁ%“?%pﬁpég@ﬁ@é of that
30 resistpr ighd a@eist&'stdnsérs%s@@h @/tésﬁﬁ%m&e&t@edbgeée%% ge. Thus,

11/ 04/ 2006 -28 Presence resence score teste device> If a
test resour ceP@%M@M@@MWM@MI@MS@M of theetestedd  conponent
such as a ser gacée[-m nation resistor, then the open properties of the
resistor's pins are 185t ed by testing the tested device. The open

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

Automated X-Ray Inspection (AXI) Tests

AXI systems look at dense objects on a board, such as lead solder
15 joints and the tantalum.siugs within certain capacitors, some of which ma;y
be polarized. AXI systems can also rate joints for quality. An AX! 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 (PI)-: . 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 al pins of a device are viewed and correlated

then score A = Partxal for the dewce

30 Joint Quality (Q):  for each viewed joint, if elther msufﬁcnehtlvoid or
- excess tested, then score Q = Partial, eise if both
insufficient/void and excess tested, thenscoreQ -
= Full

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




properties of the series conponent inherit the opens score of the tested
devi ce. Thus, OQpens (JO: JO = <open score of tested device pin> g;

Aut omat ed X- Rav | nspection (AXI) Tests AXI systens | ook at denst? &%%goén
a board, such as lead solder 15 joints and the tantalum slugs within
certain capacitors, sonme of which may be pol arized. AXI systens can al so
rate joints for quality. An AXI system can also correlate a group of '
problens (e.g., opens) with a mssing device or an alignnment problem 20
pens (JO: for each viewed joint, score JO = Full Presence (P): if all
pins of a device are viewed and correl aped, then score P = Full for the
devi ce 25. Shortrse()é%{.l for each viewed joint pair, score S = Full Alignnent
(A): if all piSHe tafiop; (G ~frdl 'W@W@Ha%ﬁ?ﬁséﬁlﬁﬂ@t&!‘é‘ﬂwew?ﬂen 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 insuf |cientfvoid and excess tested, then score Q = Full 35 For
t ant al um capaci t or L = Full if the capacitor is viewed, and
11/ 04/ 2006 -29- s (0) = Full if the capacitor's
pol ari zatgon is' viewed. Board Test Coverage 5 FIG 5 illustrates the manner
i n which board test coverage results ht be reported to a user. Note,
however, that FIGFI§- ﬁgu%?tgséhe@annermw ich board test coverage resutlis.

might be reported to a user. Note, however, that FIG. 5 is more of a

conceptual iflustration, and is not necessarily intended to depict a parhcutar

“screen image” that might be presented to user.

10

FIG. 5 illustrates “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
15 connection score (i.e., indicators qf 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 potentially defective properties of all of
20 “the connections on a board. - |

i a user desires to review board component coverage in further detail,
& user may drill down to scores (coverage indicators) for various individual
components. Alteratively (not shown), a user might drill down from board

25 cempor_xent coverage to a “component type”, and then drill down to individual

components.

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

30 as “fundamental” and qual:tatlve as previously described.




conceptual illustration, and is not necessarily intended to depict a
particular "screen inmage" that m ght be presented to user. 10
illustrates "board test coverage" as being the root of a tree. fhgbgﬁ@2006
enbodi nent 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 conbinati-on of a board conponent score and a board 15
connection score (i.e., indicators of board conmponent coverage and board
connection coverage). The board conponent score is indicative of a test
suite's ability to test all of the potepgi ally defective properties of al
of the components_on a board. Likew se, the board connection score is

i ndicative of a tetpilagin thewayihal ysejs Mgy redew gemponent severagein i al | y
defective pro o f : ' -1 ) .f a user
desires to remﬁrggﬁa”%éénp"%%é'ﬁg 98%’53? g%agggﬁtoy %@?ﬁgrﬁhl%é@gﬁo?va{iéufser may
drill down t o indhddual connectionsyand/oniaraedio)groups (mat stawe)i Fdi eachual

conmponents. Al L vel not . shpwn a user, mght drill down from board
25 conponent %@iﬁ@g a\%géég“acyoq@dﬁ’mtbf%'@aﬁwdé‘%%’ﬁeﬂF’JfihP down to
i ndi vi dua$  Cesmmeton. Sif desifeds 81 propemes Bliid bé grsifpled HYufdhiientipn to the

I ndi vi dual - properties of the conponent. If désirable, the properties could

be grouped 302%&"queligiviental " and "qualitative", as previously described.
11/ 04/ 2006 -30- Simlar to the way that users may revi ew conponent coverage
in further detail, users may drill down to scores (coverage indicators) for

various i ndivi dudliGchfunthet ilusisates thecsoresporeiehtce befweenponfpoabnishown) . For
each connect] RAcMR L y. drill _down to the individual, properties of the
5 connect i on.éﬁ]coc'i"ey i 3‘8-, r‘xt%ﬁ‘emﬁ}"%ﬁfeﬁ%@@% nge abﬁ‘%ﬁ%'ﬂmﬁ%e gf?‘ﬁﬁ‘éiarrent al "
10 ‘the option of drilling down into component coverage, and then crossing over
fo view the connection coverage for a particular component (6r maybe

" component typé).
15 ‘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. -
FIG. 6 itlustrates this concept more generally, as a method 600 for
20 comparing board test coverage for two test suites. The method 600 begins
with the enumeration 602 of potentially defective properties for a board,
without regard for either of the test suites. For each test suite, the suite is
scored 604 in response to whether the suite tests for the potentially defective
properties enumerated. Corresponding scores for the two test suites rﬁay
- 25 then be compared 606 to determine the relative coverage that each suite
provides for the board. -

30




and "qualitative". FIG 5 further illustrates the correspondence between
conponents and connections. As a result of this correspondence u

m ght be offered 10 the option of drilling down into conponent %3?&V§§é906
and then crossing over to view the connection coverage for a parti-cul ar
tonponent (or nmaybe conponent type). 15 Conparing Board Test Coverage (in
general ) The above sections have introduced the concept of conparing test
coverage scores for two test suites that are designed to test the sane
board. FIG 6 illustrates this concept nore generally, as a nethod 600 for
20 conparing board test coverage for twgitest suites. The nethod 600 begins
with the enunerati.on 602 of ntlaIIy def ective properties for a board,

W t hout regard for eithepEeH : S Qs For each test suite, the
suite is scored 604 in response to mhether the suite tests for the
potentially defective properties enunerated. Corresponding scores for the
two test suites nayhem anee idast tvmﬂwae&a«zftﬁ@cﬁetlml Gebgmuimscordie thglafd | ve

coverage that t he board. 30 11/04/2006 -31-

Theoreti cal I\/a‘%%ﬁrpﬂm c%ﬁ%@ﬁif&%}? @I‘%S?a?"%%%t %‘%ﬁ? G Ja thegnaximest et i cal

" maxi num §cor essbresiedmporient Bshtbction) BARERT bE bRk RS &%@Wﬁﬁiapover age.
n

These are 1) th |me scores (conponent & connectio at can be
achi eved assuiP f?@“?ﬁ"aﬁefﬁq’tl"e Rrerasties ap Ryl Eeeled, ang 2rtbe eraxinasm acareful | y

Loet systom ( oot an PEBES BFbTRricllest 3O B MhTs vl o1 iBelm scor e

that can be’ atdhusled assuming that all

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

.Max,(BDS) = for all d, Sum RDS(d); (where BDS = board
component score; and where
15 - ali component properties
: influencing RDS(d) are Fully
Tested)

Max(BCS) = for all ¢, Sum RCS(c); (where BCS = board
20 - connection score; and where
: all connection properties
influencing RCS(c) are Fully
Tested)

25 The above “maximum scores” are useful in detemﬁnﬁg whether there
are potentially defective properties that are beyond the-scope of a test suite's
coverage. However, the above maximums do not indiéate whether a defect
is-beyond the scope of a test suite’s coverage because 1) the test suite is

_ nq'.t robust, or 2) testing for the defect is beyond the capability of available

30 - testsystems. It is therefore useful to calculate the maximum scores that can

be achi_eVed by a particular test system (or systems) if a test suite is robust.
This second pair of maximum scores does not éssuine_ 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




potentially defective properties are Fully Tested is sinply: 15 20

Max, (BDS) = for all d, Sum RDS(d); (where BDS = board conponen% SCOr and
where all conponent properties influencing RDS(d) are Fully a4t 2006
Max, (BCS) = for all ¢, Sum RCS(c); (where BCS = board connection score;
and where all connection properties influencing RCS(c) are Fully Tested)
25 The above "nmaxi mum scores" are useful in deternm ning whether there are
potentially defective properties that are beyond the-scope of a test
Suite's coverage. However, the above nmaxi muns do not indicate whether a
defect is beyond the scope of a test si2-te's coverage because 1) the test

suite is not robust, ,or 2) testing faqr e defect .is beyond the capability
of available &F ar ?sbttsg%;gm (P‘Esxsgemﬁer-r%’f‘ﬁ-re useful to calculate the

maxi mum scores that can be achieved by a particular test system (or
systens) if a test suite is robust This second pair of maxi num scores does
not assune that al Max£BP8} t jor afl dobus RBE(d)enci(wherBd(admpangniRCS(c) are
Fully Tested, but rather assunes that each propmartss isfuaneingdRiDB{ds t he
maxi mum V@l ue -that is possible given 11/ 04/ 20@fe s@&2o thghanbxiowrar t est
system (or systens). Thus, 5 10 value given a particular test

systern (or systems})

Max,(BCS) =for all ¢, Sum RCS{c); {where all connection
10 properties influencing RCS(c)
are set to their maximum
value given a patticular test
system (or systems))

16 FIG. 7 iliustrates maximum theoretical component PCOLA scores

| versus test technology for an afbitrary resistor, and FIG. 8 illustrates
maximum theoretical component PCOLA scores versus test technology for
an arbitrary digital device. The tables in FIGS. 7 & 8 are simply filled by
rating-"a property “Full” or “Partial” if there is any way a given test system can

20 ever score full or partial coverage for the particular corﬁponent type at issue
(e.g., resistors in FIG. 7, and digial devices in FIG. 8).-In filling out the

. tables in FIGS. 7 & 8, 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

25  considered (since the focus is on “theoretical” maximums).

If Max,(BDS) and Max,(BCS) scores are being calculated with respect
to an AXl| test system, then the AXI PCOLA scores can be extracted from
FIGS. 7 & 8. However, if Max,(BDS) and Max,(BCS) scores are being
30 calculated with respectto a combination of AX] and AOI and test systems,
then correspondtng PCOLA scores for the AOI and AXI hnes inFIGS. 7& 8
can be combined using a MAX() funcnon and the MAX() PCOLA scores can
then be used i in calculating the Max,(BDS) and Max,(BCS) scores. In this

latter case, note for example that the maximum Correctness score for a




Max2(BDS) = for all d, Sum RDS(d); (where all conponent properties

I nfl uencing RDS(d) are set to their maxi num val ue given a paral}ﬂg/zb%sé
system (or systens)) Max2(BCS) = for all ¢, Sum RCS(c); (where ali
connection properties influencing RCS(c) are set to their maxi num val ue
given a particular test system(or systens)) 15 FIG 7 illustrates maxi num
t heoretical conponent PCOLA scores versus test technology for an arbitrary
resistor, and FIG 8 illustrates maxinumtheoretical conponent PCOLA
scores versus test technology for an arbitrary digital device. The tables
in FIGS. 7 & 8 are sinply filled by rat3zag a property "Full" or "Partial”
If there is an y a given test systemcan 20 ever score full or partial
coverage for t%‘é’“h‘&?tﬂqrb‘?ﬂ"é?' Ferfpdiiesiinatiy faliat i ssue (e.g., resistors in
FIG 7, and digital devices in FIG 8). ' In filling out the tables in
FIGS. 7 & 8, considerations such as the testability of a |owval ued
capacitor in parallel with a |arge-valued capacitor, or whether a given IC
has a readabl a heat sink, would typically °
not be 25 constdered i =4l ; ZOVEragO)r et  cal " mmxi muns). |f
Max2( BDS) sand Ivax2(BCS) scores are be| ng cal culated with respect to an AXI
test system then the AXI PCOLA scores can be extracted from FIGS. 7 & 8.
However, if Max2(BDJ- %ﬂwstmm frstpmbedimest of appiaedtug 990faral cul ated with

respect to a O ens

cor r espondi ng%%A SC :bggf-q ?Cﬁ’g%gg %R%Fa%lsﬁ %%@éqrﬂprﬁe&g?mf;ag% can be
combi ned usi nQOa.medratnlgtpmntianmdefebm/dMénMpé bReRl, 94thedn then be
osed 11 cal cUl g 405 MESAARES, A S e ot S tae M

10 904 for deteimining and scoring, in relation to each potentially defective

property enumerated, whether a test suite tests for the potentially defective
property, and 3) means 906 for combining scores to characterize board test
coverage for the test suits. By way of example, the apparatus 900 could
. take the form of software, firmware, hardware, or some combination thereof:
15 inone embodimt::-nt of the apparatus, each of its components is embodied in
computer readable program code stored on computer readabie stofage
media such as: a CD-ROM, a DVD, a fioppy disk, a hard drive, or a memory
chip.

20 | FIG. 10 illustrates a second embodiment of apparatus for
characterizing board test coverage. The apparatus is embodied in computer
readable program code 1006, 1012, 1616, 1018 stored oncomputer
readable storage media 1000. A first portion of the program code 1006
builds a list 1008 of potentially defective properties for a board. The code

| 25 does this by parsing descriptive information 1002 for the board to extract
) component and connection information for the board, and then associatfng
potentially defective properties 1004 with the extracted component and
connection information. A second portion of the program code 1012 parses
atest suite 1010 and extracis test objects 1014 therefrom. Each test object
30 - 1014 comprises the details of a test, and a list of components and :




| atter case, note for exanple that the maxi num Correctness score for a

11/ 04/ 2006 -33- conbination of AO and AXl testing is "Full". f
Characterizing Board Test Coverage 5 FIG 9 illustrates a fi rsﬁgmﬁ%ﬂg

of apparatus 900 for characterizing board test coverage. The apparatus 900
conprises 1) nmeans 902 for enunerating potentially defective properties
for a board, w thout regard for how the potentially defective properties

m ght be tested, 2) neans 10 904 for determ ning and scoring, in relation
to each potentially defective property enunerated, whether a test suite

tests for the potentially defective prgperty, and 3) neans 906 for

conbi ning scores to characterize board test coverage for the test suite.
By way of exarfoneections thabges iestes ydbe éesl 4 thirchrertiom ef themmegremsesidenar e,
firmvare, har . d Q’Hﬂ' ' . L. nbodi nent of
t he appar at us%ggﬁsﬁ?mﬁ)g@%moﬁen ggf%ﬁ@?n%ﬁtg%ﬁﬁlﬁﬁ i'&c@;%ﬁ?er readabl e

program code giotentidihodefective praperiiesq HalidentiBirgr agemomesthporsaitdans. a CD- ROM
i 20 FIG 10

a DVD, a floppy disk, a hard drive, or a nory chip. (
%B@%ﬁ'ﬂ”%mnéf{’”% Paitign ch theprpgram @?@r%@éﬁ*ﬂ"ﬁg board test

illustrates a

cover age.5The %é@swtf-gg%@g{tﬁ HOrebMT b S tied FAHPE gam code
1006, 1012, 1016, 1018 stored on cgyrrputer regépa:ﬁe sto‘r'sgggbgnggi a 1000. A
first porti onpefentigly defestive prapedies.liboespdnseltol whathir testslif0iBe of potential |y

descri pt v | AP B8 e 7674 1ehLRu TRt Sotfiati Boiectve edibpfifent "and
connection information for the board, and then associating potentially

defective propertiges 1004 wiith the extracted conponent and connection

i nformation. A secoRdPNSIoRragramIsedpnegd Ant ke distingd 1 Fhys cods,

10 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
15 - take the form of an XML topology file for the board. However, the dgscriptive‘
information could take other forms, and could be derived from a board netiist,

a bill of materials, CAD data, or other sources.

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

- ." and node information.

The potentiaily defective properties that the code associates with a
25 board’s component and connection information may be drawn, for example,
from a database storing component and connection types, along with their
: potentially defective properties. fn%onnati'on frorh this database can then be
associated with thé components and connections that are identified for a
particular board. In'one embodiment of the FIG. 10 apparatus, the database
30 may be updated via an in?erface (such as a graphical user interface (GUI)




a test suite 1010 and extracts test objects 1014 therefrom Each test
object 30- 1014 conprises the details of a test, and a |ist of

and 11/04/2006 -34- connections that are tested by the test. g’ﬁ rB:)(fPPEM)%
portion of the program code 1016 associates the test objects 1014 W th

entries in the list 1008 of potentially defective properties, by

i dentifying conmon conponents and connections in-each. A fourth portion of

the program code 1018 assigns. 5 property scores to the potentially

defective properties in said |list 1008 of potentially defective
properties, in response to whether test.35in the associated test objects

1014 test for th tentially defective properties. The portions of program
code need not ‘%@?%fgﬂ“r?c‘fommﬁﬁ%s”%%e 10 objects, routines and the |ike
may be shared by the various code portions, and the code portions may be

nore or less integrated depending on the manner in which the code is
i npl ement ed. The deweﬂbsiﬂvai an@assbda’oéd)wmmmboardfsfmmameamw by the code

may 15 take th of an XM_ topol o ard. However, the
descriptive i ﬁ?‘i’}%ﬁ{"@b aX%mH"?%%RﬁPHgKO’{tb?%\?% @ﬁprgee@gﬁ. ved from a
board net3 i st jdentifidd $Upr&)f Fureieembond, snﬁe?é}@pdﬁnﬁanycuef@émerpr&wﬂ‘é‘sﬁﬁa Conponent
and_connectiop informati on may take a vari ety of forms. 20 For exarrpl e,

component i nf B AETACEHEE WD H‘ﬂ:@m CPRBOREIHnRaskage, ApEIes sonmRaYieR tyResc onponent
part_number s whANBac @19 cdrblliort 8p6sdilé shatisbRlorith dodd ithy MGkl o ML L on.

The potentially defective properti at t e Wth a 25
board' s comoﬁemhoammméemommmmrﬂnmemummSimrtdrb&\ﬂsseésmgtekarrpl e,

Covanti art s dpuRi oL GRBIRED o sFRARE et B eBhBane can' s hon
be assdoOi at embaM’s Hesdrpticompereiion. and connections that are identified for
a ,
In one embodiment of the FIG. 10 apparatus, the test chjects 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
15 herein, encompasses not only objects in an “object—oriented'; proegramming

sense, 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.

20 FIG. 11 iil‘ustrétes a third embodiment of apparatus for characterizing
board test coverage. Again, the apparatus is embodied in computer
readable program code 1102 stored on computer readable storage media
1100. Unlike the apparatus iliustrated in FIG. 10, the apparatus iliustrated in
FIG. 11 does not participate in building a list of a board’s potentially defective

25 properties. Rather, program code 1102 parses an existing test suite and list
of potentially defective properties for a board, and then assigns property
scores to potentially defective properties in response to whether the test .

suite tests for the potentially defective properties. ‘

- 30 " In one embodiment of the FIG. 11 apparatus, property scores




particul ar board. In one enbodi nent of the FIG 10 apparatus, the database
30 may be updated via an interface (such as a graphical user iniﬁpﬁ§¥? 6
(GUI) 11/04/2006 -35 displayed on a conputer screen). Propertie i 899
associated wth a board's conponents and connections nay conpri se sone or
all of the PCOLA and SOQ properties 5 identified supra. Furthernore,
different potentially defective properties may be associated with

di fferent conponent, package, and/or connection types. Wth respect to a
connection's possible shorts, programcode nmay associ ate the short
property of a connection with zero or ngge shorts by assessing the
proximty of the connection to other pins and/or nodes identified in the
.10 board's d&€SBWIEe nv@erical Gariyelents. for Fuid estegoBariiehy Tested,ndrI G 10
apparat us, theyj&gbqobjects are created as XM. objects. However, as one of
ordinary skill 1nthe art will recognize, the test objects nay be
variously maintained. "Object”, as used 15 herein, enconpasses not only

objects in an "objggt-oriented"” ogramr ng . sens but al so any: data
structure that is %Fﬂ?ﬁ“ﬁ%’&'aﬂ%ﬁgéﬁ@eﬁ? s dasteq by B AMPIeedEiRi | s of a
test, as gell adgstauitd, Hndvoloithord BRPBAY bSoras dxist ] HEdnyar € tested
by the test. 20 FIG 11 illustrates aﬂ?hi rd eﬁ%g%?rrent @?E%%ggérugt us for

char act eri zi ngefegtygRioperty, additienal peogram sode ceh combinertwows mate erbodi ed i n

conput er reaﬁﬁgb gg;hg St O I e storage
media 1100. Un fE’é&tEdr?\gé app r%g‘?ﬁ%.l 'ﬁét?ﬁ?g%%ﬂ%%%ﬁagg%g%gﬁﬁar at us

il lustrated iagivercomponeidspropartysaoiasdo paheratena lbompdha saotei fok thef a
board' s potent.i g fective 25 properties. Rather, program code 1102
parses an exié’@n%&?&q}eggu"'@m%ﬁ&g?P&gm%@ﬂ%%ﬂwwl’{%*ﬂ&f’%ti ve properties
for a bdard, cumdedtion's prepemyscopésPRYchkbralé 8RbRRedtiBNRRbAIYLF felgivaiet ecti ve

properties in resgpnse to whether the test
| coh on. 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.

15 ~ Note that apparatus for charac:te;'izing board test coverage does not
require run-time test data. '

While illustrative and presently preferred embodiments of the
invention have been described in detail herein, it is to be understood that the
20 inventive concepts may be otherwise variously embodied and employed, ahd
that the appended claims are intended to be construed to inciude such
variations, except as limited by the prior art.




suite tests for the potentially defective properties. 30 . In one

enbodi nent of the FIG 11 apparatus, property scores 11/04/ 2006 %
conprise numerical equivalents for. Fully Tested, Partially Tes.f"ér , %168006
Untested. When a potentially defective property is tested by two or nore
tests in 5 a test suite, and two or nore property scores exist for the
sane potentially defective property, additional program code can conbi ne
two or nore property scores using a MAX function. The program code can

al so conbi@eimsa gi ven conponent's property scores to generate a conponent
score for the given conponent. Likew se, the program code can conbine a

gi ven 10 cpnnection' ropert cores to generate a connection score for
the given Pconr{é%?tp%gﬁf"pc?ﬂ ct F%'&?%ﬁf‘l’&?&?@" * HPE"onbi ne al | conponent
property ScCor g§ed hefaREHRdnBalf dggaiggprgmg?(ﬁgtb(%%&%itﬂout ?e@grdq‘&rﬁmv% al |

connection property scores to generate a board connection score. .15 Note

t hat apparpatetiallf ddfedtiiograRties miphii@ thaf d t est coverage does not require
run-time test data. Wiile illustrative and presently preferred enbodi nents
of the invent ibblar ¢ash eotydiely dgtestiye intveeltyi enumierntail gehrzatizg m propertyi ssore ¢habie

under st ood_t hat fhe 20 inventive concepts matge be ot herw se variously

embodi ed ANEH&ST WORKer 2 fhstpuits fsts for g PalBpBlAstPCiNeAropE™aP™ i nt ended to be
q . ' at ™ e . . |
construed to | Qf:éol'hgf]?fl-nakﬁﬁ%l%y\ég%bf&Ic%?%c‘ter&é?o%%teg%ovet%g&oggiet&.yst Ljg prior art

11/ 04/ 2006 C ains: or characteri zing est cover age,
conprising: a) enunmerating potentially defective properties for a board,
w thout regard for howthe 5 potentially defective properties m ght be
tested?® 2 The method of claim 1, wherein potentially defective properties are enumerated, at least

in part, by parsing a netlist for the board.

3. The method of claim 1, wherein potentially defective properties are enumerated, at least
in part, by parsing a bill of materials for the board.

15
4, The method of claim 1, wherein potentially defective properties are enumerated, at least

in part, by parsing CAD data for the board.

5. The method of claim 1, wherein the potentially defective properties enumerated comprise

20  component properties and connection properties.

6. The method of claim 5, wherein the potentially defective properties enumerated further

comprise intangible properties.
25 7. The method of claim 6, wherein one intangible property is programming correctness.

8. The method of claim 1, wherein the potentially defective properties enumerated comprise

at least the following component properties: presence, correctness, orientation, liveness, and

37




b) for each potentially defective property enunerated, generating a
property score that is indicative of whether a test suite testiﬂx§4}9806
potentially defective property; and c) conbining property score
characterize board test coverage for the test suite. 10 2. The nethod of
claiml1, wherein potentially defective properties are enunerated, at |east
in part, by parsing a netlist for the board. 3. The nethod of claim1,
wherein potentially defective properties are enunerated, at |least in part,
by parsi nglignni@nt.| of materials for the board. 15 4. The nethod of claim1,
wherein potentially defective properties are enunerated, at least in part,
by parsing CAD data for the board. 5. The nethod of claim1l, wherein the
potential |y def iLyve properties. enunerated .c rise. 20 co nent.

properti esgyand Tﬁ%hﬁ%‘é{{l Sﬁ%p{’(\)vﬂeerfz P%eesog%gaél*ﬁ%ecﬁg‘ﬁ%oﬁﬁg? RS e ei n t he
pot enti al layie8@bRCImpEnchl PERFY bR tRNSMBRAGESD bhYidilEss: pr&RRRY Ectcthsangi bl e
properties. 25 7. The nethod of claim 6, wherein one intangible property is
pr ogr afmi rgertaion, dicdnagss snd aBgnmehe et hod of claim 1, wherein the potentially
defective properties enunerated conprise at |east the foll ow ng conponent
properties: presence, correctness, orientation, liveness, and 37 11/04/ 2006

alignnent. 9. The t hod of, c]lai.m 1, wherei e potentially defective
properti es®enu er'ﬁ%lg?ﬁl °2§ﬂ5’r1i’ ?’Eere'afj'%?rggé’f’tegtf?gy ‘i%‘?ﬂ‘%r?é???mﬁ? YBEPYVP LY ect ed
fromthe g ondefhnpobitigedf : Presence, correctness, 5 orientation,

| i veness, and alignnent.” 10. The nethod of claim11, wherein different
potentially defective properties are enunerated for different conponent
types. 10 11. The nmethod of claim1l, wherein different potentially

def ecf® ve1pr opEretniatwd of daimriuwiearen differérd potditialiyetetasive propkitiefcare ypwwratdd . The
met hod of c“ggn1l, wherein the potentially defective properties enunerated

conpri se for different package types.
12. The method of claim 1, wherein the potentially defective properties enumerated comprise
at least the following connection properties: shorts, opens, and quality.
16

13. The method of claim 1, wherein the potentially defective properties enumerated comprise

at least one connection property selected from the group consisting of: shorts, opens, and quality.

14. The method of claim 1, wherein property scores comprise numerical equivalents for: Fully

20  Tested, Partially Tested, and Untested.

15. The method of claim 1, wherein combining property scores to characterize board test
coverage comprises combining two or more property scores using a MAX function when i) a
potentially defective property is tested by two or more tests in the test suite, and ii) two or more

25  property scores are generated for the same potentially defective property.

16. The method of claim 1, wherein combining property scores to characterize board test

coverage comprises, for a given component, combining the component's property scores to

- 38




at least the follow ng connection properties: shorts, opens, and quality.
15 13. The nmethod of claim 1, wherein the potentially defectivejgr/apeyboes
enuner at ed conprise at | east one connection property selected fromthe -
group consisting of: shorts, opens, and quality. 14. The nmethod of claim1,
wherein property scores conprise nunerical equivalents for: Fully 20
Tested, Partially Tested, and Untested. 15. The nethod of claim1l, wherein
conmbi ning property scores to characterize board test coverage conprises
conbi ni ng @ﬂﬂﬂ%FCWBP%EEPGH%rty scores using a MAX function when i) a
potentially defective property is tested by two or nore tests in the test
suite, and ii) two or nore 25 property scores are generated for the sane

potenti al |47, defrag isiBd GcRRET Wherehombifg Bfegéa@@c&és t6 bidraBtchize MRS 84N
conbi ning property scores to characterize board test coverage conpri ses,

for a gi venvaagepongists, fa aglyemcangedtiore coabipmnteetdnseqtiorop@oenty sorsdés t 0 38
11/ 04/ 2006 generate a conponent score. 17. The nethod of claim1, wherein
conbi ni°ng Y5PVPEPALYERBP 89 0 characteri ze board test coverage conpri ses,
for a given connection, conbining the connection's property scores to 5
generate a connection score. 18. The method of claim 1, wherein conbining

property Sgor egnd Rethbtdr deil, WhbreR QaMEihE S bperty QURIAY Bharf2HREd 13RS tesd)
conmbining all conponent property scores to generate a board conponent

score; andoveidge bgmgiosddi ni ng all connection property scores to generate a
board connection score. 19. Apparatus for characterizing board test
cover age, conpPiemaiging aljgomperastipreperty seniesip aenstatr alkperdremipenentisdrep3ndconput er
reada?ée progr&nlc.de !Etor%f on the conputer readabl e stora?e nmedia, 15
conprising: i) p°P88'P' $PESPRRECHY PrORSTY 8Oy 1R09nPEle O SOUETRIF e def ect i ve
properties for a board; said programcode A) parsing descriptive
information for the board to extract conponent and

19. Apparatus for characterizing board test coverage, comprising:

a) computer readable storage media; and
b) computer readable program code, stored on the computer readable storage media,
15  comprising:

i} program code for building a list of potentially defective properties for a board; said
program code A) parsing descriptive information for the board {o extract component and
connection information for the board, and B} associating potentially defective properties with the
extracted component and connection information;

20 ii). program code for parsing a test suite and extracting test objects therefrom; each test
object comprising A} details of a test, and B) a list of components and connections that are tested
by the test;

iii} program code for associating the test objects with entries in the list of potentially
defective properties, by identifying common components and connections in each; and

25 iv) program code for assigning property scores to the potentially defective properties in
said list of potentially defective properties, in response to whether tests in the associated test

objects test for the potentially defective properties.
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connection information for the board, and B) associating potenti al)a/ '
defective properties with the extracted conponent and connecti ér 4/2006
i nformation; 20 ii) programcode for parsing a test suite and extracting
test objects therefrom each test object conprising A details of a test,
and B) a list of conponents and connections that are tested by the test;
iii) programcode for associating the test objects with entries in the |ist
of potentially _defectiv roperties [ i f Vi (#Taaren onpemnent s and
connecti on€in E'ﬁ(?ﬁ'?ar%{%‘%ﬁ " wp?r%"é}hg%%cg%g"g*n:f)ofrra‘%@gifogn| ngé}g%operty scor es
to the potgpékg e Yordef 26l Ve properties in said list of potentially
defective p opggrti es, In response to whether tests in the associated test
objects test for the potentially defective properties. 39 11/04/2006 20.
The apparatus of claim19, wherein the descriptive infornmati on. f oL, t he
board is a?l. XM TheeprdrauoftialmelS% whereip at lgpshyame connectn@nd sEapaPY B gT 8t ai m 19,
wherein at | east sone conne_cFi on_and connection information 5 is indicated
by pi n &ndisigigaed B R AAEOBRINMOIRYR e apparatus of claim 19, wherein: a) one
potentially defective property that may be associated with extracted
connection information is a short property; and 10 b) the program code
associ at esyg he Haapparfifekiny19whaeit:onnection with zero or nmore shorts by
assessing the proximty of the connection to other pins and/or nodes
identified in tdene mmoeatially Sefdeive piopariyheat inaY by 3paediates wihextrapied capisdliedy s of
claim19, wherein the programcode for building a list of potentially 15
def ect i ve iplemiien ip @ShA¥eREIE8S di fferent potential |y defective properties

with djfferent nponent .t T rAlshelion HitA b d8morwher ei n t he
progralfl code f ﬁfqgfﬁmnfﬁ’dgxgﬁ%é?te%ée B%O{Pﬁ)rrldt%lga y defective properties

associ at esydid f,ekERkinPOE BRkinAY bthRhaklidnte ofEireraht/esnoded iHentliiddfirthe nt
package 2(5l types.

board's descriptive information.

23. The apparatus of claim 19, wherein the program code for building a list of potenfially

15  defective properties associates different potentially defective properties with different component

types.

24. The apparatus of claim 19, wherein the program code for building a list of potentially

defective properties associates different potentially defective properties with different package

20  types.
25. The apparatus of claim 19, wherein the test objects are XML objects.
26. The apparatus of claim 19, wherein the potentially defective properties comprise at least

25  one component property selected from the group consisting of: presence, correctness, orientation,

liveness, and alignment.
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25. The apparatus of claim19, wherein the test objects are XM Rb'e é
26. The apparatus of claim 19, wherein the potentially defectivé 6#8%% PP&E
conprise at |east 25 one conponent property selected fromthe group
consisting of: presence, correctness, orientation, |iveness, and
alignment. 40 11/04/2006 27. The apparatus of claim 19, wherein the
potentially defective properties conprise at |east one connection property

sel ected fromthe grou onsi sting.of: sh o Adel at Mast28.
Appar at us flor cH4PR '?ﬁ’aé'l?ﬁ ‘gl‘:ﬁ'ﬂ‘ @og?egel? Ié]gto g‘%@@ﬁ rdaeég?%c%gor?g?ig%ioﬁg: °5 a?s nmeans

for enumergti ' tHe (R uP ESaBIirgl of ShdrBI opand) e qikalityi t hout
regard for&'eﬁtg)@v’e?tﬁg%%%%r?nétei)églgﬁ&gef \gctllpve prﬁgperti es mght be tested; b)
means for determ ning and scoring, in relation to each potentially
defective property enunerated, whether a test suite tests for the

pot ent i al | 38. defAppaiatue fqp chpsrotarizing ROSEA tBst CoMEEIS PBP SEEnbi ni ng scores to

characterize board test coverage fo e.test ' thed for
conparithg boar FH{EERs RRIEPEGEf SQenIfE\FM)ée{Peecg‘fe psr%ﬁeﬁ %‘Lé fog?: 8‘??8‘?’ i%g?o# ge&ﬁ)

enuner at i t enti.all Chie rRsRbskik@s for a board, w thout regard
for eitheﬁ%c‘)'"]&%ﬁoé nt'?'ég%éfegﬁlgﬁeé; b) 5?or gach test suite, scoring whether the

test suite testnlaihs bR tdafhingéndalcbring defetivn weachlfviqutiap eefedtiesrreptier at ed;
and c) conparing scores for the two test suites. 30. A nethod as in claim
29, wher ei enutbretepottetiter atesysutietbeie for the peiensiplyrdefesie OIRARS 8% d  conprise: 20

a) conponent properties selected fromthe properties: te.
correct ness, ord BRENSTPIEAMDINING $ROFFE L&° a%?ﬁta"za?ﬁ’f’ rﬁﬁ%s%%osérgﬁéé{o g%gtﬁsﬁlttaecti on

properties selected fromthe properties: shorts, opens, and quality. 31.
Appar atlus for characteri zi ng board test coverage, conprising: 25 a)

conput er rgadaly fefbdbADmpIRinaard B3tkoverage for two test suites, comprising:

a) enumerating potentially defective properties for a board, without regard for either of the

test suites;

b) for each test suite, scoring whether the test suite tests for the potentially defective

15  properties enumerated; and

¢c) comparing scores for the two test suites.

30. A method as in claim 29, wherein the potentially defective properties enumerated
comprise:
20 a) component properties selected from the properties: presence, correctness, orientation,

liveness, and alignment; and

b} connection properties selected from the properties: shorts, opens, and quality.

31. Apparatus for characterizing board test coverage, comprising:

25 a) computer readable storage media; and

b) computer readable program code, stored on the computer readable storage media,
comprising program code for i) parsing a test suite and a list of potentially defective properties for

“a board, and ii) assigning properly scores to potentially defective properties in response to
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b) computer readabl e program code, stored on the conputer reada?égcﬁ%fﬁﬁ%%
medi a, conprising programcode for i) parsing a test suite and I
potentially defective properties for a board, and ii) assigning property
scores to potentially defective properties in response to 41 11/04/2006
whet her the test suite tests for the potentially defective properties. 32.
The apparatus of claim 31, wherein the property scores conprise nunerica
equivalents for: Fully Te j ~and Untested. 5 33. The
appar at us %Ww?f%?ﬁ§ fyﬁﬁgﬁtﬁgp?ﬁ§%@G%%%%g}ﬁ%%§%2ble progr am code further
conprises program code for conmbining two or nore property scores using a
MAX function when a potentially defective property is tested by two or
more testssdn tine apmsdtussdibibier 3 neheraiithe propgrtyescorpy W@ﬂﬁﬂ”ﬁ'&%&%”ﬁ%‘ﬁ@? for the
same potentially defective property. 10 34. The apparatus of claim 31,

wher ei n t Her: Bdwpested Padaly dpsted. pradgieiidcode further conprises program code
for conbining a given conponent's property scores to generate a conponent
score for the gi ven conponent. 15 35. The apparatus of claim 31, wherein
the conputgr regdableR PebaE1Cadee #E thfguter cRBzid egamragfatecode for

conmbi ning a given connection's property scores to generate a connection
score for dohgrigh pREramanaekt doamining Gyo Fmerapprerntyseeesesing MR EEiongEP ei n t he
conput er readabl e program code further 20 conprises pr. rﬁg}cgq%“;ori)
conbi ni ng =pdtentalidefnetive Piopasty értesiedRy Ve e traln &g ‘8“5”'%%5 ° € 8ponent
igg;gétﬁgﬂméég¥%gggégaq al | ggogﬁ%hh%%mﬁkﬂﬂﬁkhy scores to generate a board

10
34, The apparatus of claim 31, wherein the computer readable program code further
comprises program code for combining a given component's property scores to generate a
component score for the given component.

15  35. The apparatus of claim 31, 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.

36. The apparatus of claim 31, wherein the computer readable program code further
20 comprises program code for i} combining all component property scores to generate a board

component score, and ii) combining all connection property scores to generate a board

connection score.
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METHODS AND APPARATUS FOR CHARACTERI ZI NG BOARD TEST COVERAGE Di scl osed are
nmet hods and apparatus for characterizing board test coverage. gg.a&p /2006
nmet hod, potentially defective properties are enunerated for
wi t hout regard for how the potentially defective properties m ght be
tested. For each potentially defective. fgoperty enunerated, a property
score is generated. Each property score is indicative of V\/net her a test
suite tests famsmAgmtentially defective property. Property scores are then
conbined to characterize board test coverage for the test suite.
METHODS AND APPARATUS FOR CHARACTERIZING BOARD
TEST COVERAGE
Disciosed are methods and apparatus for characterizing board test
coverage. In one method, potentially defective properties are enumerated
for a board, without regard for how the potentially defective properties might
5 be tested. For each potentially defective property enumerated, a property
score is generated. Each properly score is indicative of whether a test suite
tests for a potentially d_ezfective- property. Property scores are then combined

1o characterize board test coverage for the test suite.

FIG. 1




