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patterns, collecting associated test results, and
utilization of all fail test data in diagnostics
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structure requires high resolution diagnostic calls for isolating the defects and
successfully completing the Physical Failure Analysis (PFA) defect localization that
ultimately leads to higher yields. The resolution of state of the art logic diagnostic
algorithms and techniques depend on the number of tests and the amount of passing and
failing test result data available for each fault. Oftentimes, conventional methods of
generating test patterns, collecting associated test results, and utilization of all fail test

data in diagnostics simulations, are insufficient to achieve the desired diagnostic

resolution.

Referring to Figure 1, there is shown a diagram illustrating a prior art system for a

typical diagnostic process (4) using test patterns (530) applied to a DUT (540) and
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At final test, patterns are applied to the device under test (hereinafter referred to as
DUT) (540) and test results data is collected (2). Test results data typically contains both
passing and failing patterns and the specific latches or pins ("observation points") that
failed and how they failed. To determine which fault explains the fail, the fail data is
loaded into a diagnostic simulator (4). Each fault is analyzed to determine whether it
explains the fail or set of fails. Resulting from this simulation (3) is a call-out report that
lists each of the suspect faults and a confidence level at which the fault can explain the
fail. Callouts (5) can range from precise calls of 100% (i.c., an exact match) to lesser

confident numbers. Physical failure analysis (PFA) (6) requires locating the failure at the
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Int rm of [ogi c nodel (s)
The chip or module to be tested is described in the form of logic model(s) (500)
(see Fig. 1) describing the DUT (540). Examples of such logic models (500) can take the
form of a high level representation of the logic such as behaviorals or, at the other end of

the spectrum, as a netlist comprising primitives (NOR, NAND, and the like) and their

respective interconnects.

A set of test patterns also known as test vectors, is generated using one of several
ATPGs (Automatic Test Patterns Generators) (520) which, depending on the size and

complexity of the logic, may include one or more deterministic pattern generators,
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diagnostics process which results in a more accurate diagnostic.

OBJECTS AND SUMMARY OF THE INVENTION
Accordingly, it is a primary object of the invention to provide a method for
enhancing the diagnostic accuracy by including all of the fail results of the diagnostics

process from testing a DUT under a plurality of environments.
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t 1s a yet another object to create a unique subset of environmental diagnostic

patterns generated from the first pass diagnostics results to re-stimulate a more targeted

set of logic paths that were not understood at initial test.

It is a further object to include additional design and process data such as physical
and device models, process parameters, and complex fault models derived from these

models and parameters.

These and other objects, advantages and aspects of the invention are achieved by
providing a method for enhancing diagnostic resolution based on including environmental
conditions, the method including the steps of: a) creating a set of test patterns; b) defining
a set of environmental test conditions; ¢) applying the test patterns under the defined

environmental test conditions; d) collecting fail responses alongside with the respective
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In another aspect of the invention, the inventive process fully sensitizes the
intrinsic parametric and parasitic behavior of complex faults by also applying adaptive
test methods. This is achieved by dynamically creating unique environmental patterns,
changing tests or creating new tests, altering test flows, and /or adjusting all the

environmental conditions while applying these tests.
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of the specification, illustrate the presently preferred ernbodlrnents of the invention

which, together with the general description given above and the detailed description of

the preferred embodiments given below serve to explain the principles of the invention.

Figure 1 is a diagram showing a prior art flow for a typical diagnostic process
using test patterns applied to a DUT and then feeding the responses into a diagnostic

simulation with the resulting fault callout(s) being used for PFA.

Figure 2 is a flow chart showing a prior art diagnostic flow illustrating how to
perform diagnostic simulation based on appropriate fault models, test patterns, and an

appropriate logic model of the DUT.
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di agnosti cs process, according to an enbodi nent of the
adppraetest methahthemapplyigy medtifia ebbrdnmonst candtiens.
preferred enbodi nent of the invention that utilizes an
adaptive test nmethod when applying nmultiple
DEMXIT 0 BN @ER 1PTPONI OF o5 INNEHRTIdP DESCRI PTI ON OF THE
I NVENTI ON Referring to Figure 3, there is a diagram
showRefgrringdo Erarire drthemtiad Hi,ag@nhdmémg ﬂie@gm@tm@ltally enhanced

iR RERroL B bR pPEhERITRERE DAY e e Bnvironment

con@Ridh 8 Gint Iﬂl&nefeeydlﬁ?ﬂﬁ%ﬁbﬁbmﬁ@ﬁme@@ﬁsds 0 adRnB4HIBM Sigdhlation
si mul ati on_and cal | out al gorithmwith the resulti

angl pHW e dEOT BRI ovithath et tine baneed fsiicraflon!(DbAN Tied FOSEFA.

system has inputs fromthe manufacturing/diagnostic
test patterns (530) and fromthe definition of the
envi Tianoenystmdar diputsinem ¢le2@nufihesey/ d'ilragutsﬁc assepatterns (530)

arégf? 8 ed t ne ?Fgulgeséysvﬁg%lmep (?ﬂ%iloglg_ 8(;“ -tllf\l@tsee frfpu‘féya%é Sprghed to
thg P}){{(@(% ggut?ﬁ’[ %ﬁﬂﬂe fté%%'#}ste?ﬁ é@élu&qhélﬁgss%l@%ﬁﬁ {19). The

es | nput rom
environment enhanced fault simulation and diagnostic block (600) takes input from the

pass/fail results (10), logic model (500), fault model (510) and as needed, the physical
model (550). Provided from this fault simulation and diagnostic block (600) is an
enhanced fault callout (40) to be sent for PFA (6).

Still referring to Figure 3, there is shown a process using the environmentally
enhanced diagnostic process. Using device specs (610) for the DUT (540), environment
conditions (620) are defined for test. Input patterns (530) are applied at the tester (9) to
the DUT (540) at the predefined environmental conditions (620). Environmentally
aware pass/fail data is logged (10). This data is fed into an enhanced simulator with

complex scoring (600) along with the logic model (500), fault model (510) and as needed
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pass/fail results (10), logic nodel (500), fault nodel
(510) and as needed, the physical nodel (550).

wee@sioghog from this fault sinulation and di agnBGI/82008/050595
block (600) is an enhanced fault callout (40) to be

th SRsicsoge L SO oG R P} ST ot R Eaplting

fr&h@&nﬁﬁhla@loﬁ LR¢ 8SdysilRiaAInARNLE %uﬂ%gm((@émvhi&hs "fé&ﬁnto
DUT (540), enV|ronnent conditions (620) are defined

Plysicakt Esture Anplysis patfoefadare(isg0)tiar eShplonethagtarishehere the

rel O Db SR 2B o 85 PO SIS s pegion
(5P@SH4Y BE heedad &iththd REH B&tdrAD)SI0T i pSicd &l ¢ ﬁhelDEUT esh nto

an enhanced sinmulator with conpl ex scoring 600) alon%‘
his

Enjjifonmental P@gﬁl@%ﬁ@@) cemalsy be msillf{ted,f@a gubs%@gg tegiing (93
prpESORDERS uRVAL Sy Qo%ﬁdseggﬁ%%la{eofsso%&n nf or mat i on

evi ce spe I'tin romthe
S|nulat|on and analysis is an enhanced fault call out
which is fed into PQyS|caI Fai |l ure Analysis g

f or Iflgmed‘r@#é%%lp Gesip Howtitheenviramenip! dlpgrgstiGesphitiongethod.
f t I t [
T%Egﬁ%egé 'aqg led t@gﬁ DGRV Va(rﬁg tHeSeF'vﬂgéﬂgéﬂth SRHitHAS (9). Fail

I'tional test generat
datesdeteated for el arp@imapmntaad nor¢d80) itappbeanre teovﬂnbmnefﬁltﬁlf

n |ron ntal conditions 0).ca | so.be
caigiohi(A” FofRetibauaic SCRLHTHS o{ofeh iipEeBdeamgal te data
regtﬁﬁl‘i‘?fnsa MBtd dectiiR, Béljtelr %{tah@erdoﬁﬁcgﬁ%hé}rfa@l@ ?&;Hﬁh@n (20) While the

ution. Figure 4 depicts the basic flow of

nesnesyltriren baﬂterdﬁwgﬁmslt more eogerlert campasee hmmg?@tﬂthms are

ndB i Blsiedlg Rl bR eh ) yertluntityEs g W isgnmental

inf@ma8&CBORP R reallds ditcang tHetsob sk Miktrits hfcSthéresdved {405 New
envi ronnental condition (10). Enhanced di agnostic

acsiEY BieiTE $raihen prdiedi(PUIR detegmingiiking gllélllq atlig nageras are
t |
xﬁlﬁ%ﬁégra!npau sf;fltGS \%d@ﬁfet{%g)éﬁlor%ete{i&{ to 98@668 %xﬁﬁjl Fal?lﬂge Analysis

utron € New resu
(6hdy thehwdttiey are @somet, therprod®s eontian @nCioposd dommeosimntation
gorith are e ed to collecti

I d . .
arﬁﬁa%rﬂeaq@é ymilarige ppantil i ing ssefutipn metric is met (60,
3Eay! Jn%me%@kuw\} RETRL fodcdhe (AELTERULLSITEEL | NG

he scoring netri'cs are then s w accuracy
netrlcs are then applied (50) to detern1ne if the al

R TINEER S e R AT M-
aﬁﬁﬂdt%&t%ethod when applying multiple environmental conditions. This method
dynamically alters test patterns, conditions, flows, data loggers, and creates new tests by
dynamically analyzing the fail data and then optionally applies a predetermined set of test
rules to alter or add tests and data logging for optimal adaptive fail data collection. This
also illustrates another embodiment which creates a more focused set of diagnostics
patterns for a partially isolated set of nets derived from the first pass collection of
environmental fail data. A further invention embodiment is also included in this Figure

that utilizes design and process information during the enhanced simulations.



(6). If the netrics are not net, the process continues
using iterative conplex sinmulation and scoring net hods
wWoRaoR/08seh simul ati on pass until the final resPCTIUB2908/050595

nmetric is nmet (60, 30, 40, and 50 respectively) to

allo ceeding. to Failure Ana ures. .

o SIPTRERS it Eickis Sadbt MG SAmP o dar Ml PoRTEA GRbodiments of
thé me@mﬂu%nha@ts mﬁgt{alte?de Ea@rﬂerﬁgﬁﬁﬁlbﬂtewﬂle&tde%m&% Weeder as

applying multiple environnental conditions. This

thfcle@mar Ig)th@ﬂ})wwlhw hiitidrtests @Eitﬂqmt dre ppiljeddonthic tgoalrag,
enay(ﬂ)l\évs%bt&tgﬁ a dgﬁlgq%gg?sti,%la(?ﬂ g%{l ga{a 1§ gfs C lﬁwe§§e‘tdhaé ﬁXch environmental

coRBitiof1ad) IF e Binicgferith medeldaptivdrest re®hoddfant %s@%ﬁ&e means
to alter or add tests and data | ogging for d;ﬂ
togtpapthicviall flath icoldetian by lalterdng eradding @ttalrngdew | flpstss attcbfsssocwted
I t
da?]fz)gp ﬁ§1{1§ QPC%%IU, ggrw%\’t% %Jrhdg{éﬁ g%tt%%o ?J{%Eledk{ %t%g’? fg% process
pangh&ecdes bmﬁﬁmfofa)tmgetﬁd tédts SIQO}D amre:ﬂich@dttemamif data collections are
enV|ronnentaI fail data. A further invent

ther s vied ﬁ? ?%ﬂh@%@ SUEE %@aaﬁlw RAPs (Y dPel%Qa 4pd 110).
I
ABHLAARS 055 AR QG0 pRLEY IR 0 b e
chiaseteciong @h affettanrcwit fimcpioe et pedorermbodihaeciusesdhils he associated

rese i nyvention is, il trated,. Each e di nent

Wi T et B s o TP R o R (I P b the
dlgélﬁ‘)rsﬁes dnBireh @lat h&Skst n%&lsfde@l‘gﬁe@foeta%@ﬁh'eféjfaﬁ@{ wItH %ach pattern.

goal of environnental fail data collection (9).

data is first collected at each environmenta

conditi.on (10).. 1f t.es ti e

¢ oot ReE R tiatootiftash sURIB e BBy SR SGugges 110
bﬂaieasmgatﬁeeﬁglg@ rprbyesahﬁceddm@ fail claglsiterstipabt QLR snvitodeicht.

flows, and associ ated data | ogs using each successive

Optamized Frat #nsd il datasnalypis 6E30) o tzhr:la) a@rfwrrteﬁ felasy ¢ghbyaredl time test
h%g?éé?? foc)pa% 3&?%3?)5m a &Hgfnkgtoqg{q? ﬁé ﬁlciil &a?ats %}ﬁo&&%&’ lxllth the

ocuse s an a co |ons are
dediehh bed eth@snglts procoekystenatio gffectgfl 0 tBfiginprevsabs ésta qhiality
9, 10, 120, and 110). Addltlonally, a wde variety of
ugagﬁtﬁi&o ahreireedstagapionengns (€Qupl ed with def ect
characteristics can affect circuit function and
performance that causes fails not associated with the
def ethiesfail hlata feome cedirafehesd chyditibies if eheintfed sxvd atliagnostics engine to

atterns. Thi onf yse nost i cs, engi nes :
b grelieon b amaia s SRR S b ARGR e a R g ol dat
cattlehis&Rahe PAt 485 Ban EOMuRRERLAHoB RERO0Mekitsdls 4ali@e but are not
enabl es extended adaptive test data sources ( 110)
limited to: simulations per environmental conditions and simulations across multiple

environments. Sometimes diagnostics fail data is incomplete because fault isolation

patterns do not exist, or they exist but they were not logged in.

If it is determined that a new pattern can help isolate the problem and it is not
already available, new and more focused diagnostic patterns are generated using this new
environmental diagnostics fail data (80). While this is not essential to the preset

invention, it may further enhance the final callout resolution. If they are available (90)
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by stressing the design, process and defect fail

characteristics at each environnent. Qptim zed test
W@pwshsioh2 dat a anal ysis (120) are then perf or nedr/us2008/050595

followed by real tine test changes ( 1 10) and retest

9) in an attenpt to recosrd ly the f t .
anbi g s (e BHE AT Sebe ARdEd et %glalﬁ%%gegpphed to
thé Wﬁﬁ@a‘rﬁ ehhBfIntachkd tondiihs doBRIOVES obRGallA & a more precise

quality submtted to the enhanced di agnosti cs engi ne
and2oduced il daad betdati@). f r om each of these conditions is

then fed into a diagnostics engine to be separately or

simul taneously sinulated (20). The conplete set or a

subsigthedfew dibgnddat patécis &€ uS&ﬁ%O) the tﬁe%altteﬂlade@lsfoﬁlrhnﬁf})rocess

sinmul ated in various ways. i nclude but are not

is cpmpletsd the@aﬁgﬁnﬁ@rea%dd@dxso ihe lognilil Qb reppntied (9 epditheiresdts are
SR N R T ——
logi@uédt nioglol Aidi a@sibcm&d ﬁ[lﬂﬁtaﬁﬂtsr(d)t)) &dmstts,mglé ot ﬂn&btlp&xdlﬁps at cach

but they were not ed in. is determ ned that
faging v isenmeral C@ﬁ?ﬂmﬁ’él § f‘éléﬁ%qeé dﬂ%éom% sngigs d15g petfogmas

en'ﬂgﬁceals n}?ﬁé’% o?ylﬁ{dlﬁﬁéo%g iftEdc ﬁgfaﬁoﬁso(e%i,_ed di agnostic

are generated using this new i ronnent al
d| agnostlcs fail data (80). Wile this is not

ennee s Fidhs Shanons SEGSOars 61 SR pribldaenosic
Slﬁﬁﬁ'tlbﬁ’ép@@) (WA @B fesh AR % e‘hbﬁ‘@mﬁ@l{tgﬂ fﬁﬁt cdIR@t aa;ehgnwlmbé
ded t'o the test and reap to the

demnfnnmd thatrthé c@loshhraSrsofﬁmmt a¢80htblnd|(5 ®)chen ﬁagaﬁauﬁt fadloutslaee

su?gntf tl ?’Sl?f nger%nag%sﬁsc @ﬁe%%%g}l?rseo ﬁgoergt}ér?lletilg% ]bl? But are

ncAMichitch@o: REdUn@I18 Va8 e iSh OWh @B dhdc0ES 95 §uBnrBeI W BbM, cathe
patterns are added to the flow ( 110), reapplied (9

enaanmprt (Qker & & areatiatiggsaring pherePrereiagigsiatads aps taadjust

it RO LABY 1ROy a0} ST IS BhIA b s prysica

dafdlnd £ varepolothgl reoduls andl daltapﬂypemammoate widietd (79).| Optepnally, the
envi ronnental condition nha

d. di
Praffgs Heraton OR tReraaRasEe é?ﬂ’i’élﬂc(g%l) @aﬁ@t iongfdeg noﬁMJPliea%f*éi&epglal data
an'd%f({e‘?scefrb W6t rfécE@éLu%/t fopﬂx?lr( Odn thg%flﬁe[nc!fc{] %{i\gﬂ)nﬁieﬁfﬂ §inRiBations and

outs are conpi’l from avai di agnostic
scenmgjpla)bessns tl(e&(}l)re; Oledl‘lhlljZ reluded uh therpgesenvilovo asremittiadr possible

ul.t cal |l out 440) If it is
reso ution en ancernen nee c

The environmental callout is then recorded along with its environmental data (40),
metric measured (i.e., a predetermined acceptance score level) (50). This data may be
used in any possible number of iterations or variations of this process in instances where
it is determined that the proper callout or resolution has not been achieved to successfully

complete the root cause failure analysis (6).

If the resolution is still unsatisfactory, any combination of additional information

can be used for more focused and complex simulations (60) and iterative composite
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determi ned that the callout has sufficient resolution

(50) then the fault callouts are submtted to Physica
WO-2008088992Anal ysis (6). Exanpl es of scoring nmetP@HES2008/050595

include but are not limted to: a cunul ative scoring

wh f h
scpHps PoplS BiTeRehiit ganga%ﬁpov S PGB URHERDS (60)
inflalid e iURR q’mﬁféd%‘] lHé& rﬁcﬁ!%lssﬁl‘%rs?&l 8821s, delvice %‘%Helrbt bf¥dess

is insufficient (50), additional information such as
infsmpgiiem(70gd¥ew amiplax Fari wogelstandichdafinad ded sedrial crtateanore
an also be utilized (70). Optionally, the
W%%%@Z@@ iterates on the conposite scoring (30) using
addi tional data. While additional data and nodels are
not necessary for their use in the enhanced
envi Ropimsation tBempaeins dies naw dnfewpitiongs predekigtosthe spgpgeted
faﬁ{ng d%@ césoﬂ?d infer Jﬁ%é{Q Efﬂ)g' %u&lﬂﬁ{lBﬁsefo%%ué L@YY a%ﬁe@e@&{xﬂ?éd
3 reso lonh e
pre¢ivibh wunhretvadi Iceaitis@wbmp&xtdmmposlea:modﬁg a@loﬁﬂgnsv\arb ﬁldntrSutlllzed
environnmental data (40), petric measure
fopplatiBg BerhcHst mRie @bﬁtcaa%%ug callquty @) §tatlsteaal anﬁqwlreamsntaﬂy

&gﬂteg’ %eﬁ%&%l;llrheﬁem%n%otﬁé hwu?acglﬁmfa{ﬂft résBﬁfﬁ@ﬁ gﬁpf’ I]ieésornplete, the

riations o I'S process I n instances
desretcenmbasgbniitad td pleysprbfadnrecablysist(6or resolutlon has
not been achieved to successfully conplete the root
cause failure analysis (6). If the resolution is stil

uns ayi S frAed-@the pRGAL %Pv'é’ﬁﬁ&%ﬂo@ﬂieﬁ’ﬁ naéd 'abbl‘%ﬁéﬂ that provides an
i nformati on can be used for nore focused and conpl ex

en@am@ﬂaiuag@nglqrﬁmluwmta@tamcw d h@ owmgom @@éﬁ@ptlwgtm awide

t hat
se egﬁ%til 8% ﬂgﬁ%ﬁ % %ncfglﬂgs 1?%61)0%618@ ;f( dlétg azgﬁql#&l n%u[ t{) nle{ gﬁf?th‘f pattern
schéitivé R@its, anB e ISke. FhY §fe@ait nigdisled iS coslatitle withdehBentional test
process i nf or mati on (70). New conplex fault nodels can

geperagien prédiaghestio slegrifonscandds easyrpicgratoddn RYITEIE Agst system
znﬁﬁ&%hl L g en begins after new information is
I nser le suspected failing devices and
|nterconnects (60) Si mul ations continue until a

predetermn ecision i s ac Iterative caonpl
conpb¥iheh gi et {%ﬁ@r%%'dwq% Epénct ¥l nOGHIpleitsdugipn fail data

voitRE 1 4Ag cBH@spBﬁM‘ﬁg redRfi6n B 8&ESEme f\é‘tﬁlet co‘ﬁ&'n‘r Sr?r&v‘i&)n amore
St at’i sti cal nvironnental |y wei ghted netri
cftteties rstmttchescaanlthampgbdidghesticaupdrting Sdbuebvanthe HO)entive

I onpl et he. . . . s
rnetLog 1srggitendgl’)le l;[0 Slagnostlc "schmoo" analysis and environmental sensitivity.

Finally, the present invention can be realized in hardware, software, or a
combination of hardware and software. The present invention can be realized in a
centralized fashion in one computer system or in a distributed fashion where different
elements are spread across several interconnected computer systems. Any kind of
computer system - or other apparatus adapted for carrying out the methods described
herein - is suitable. A typical combination of hardware and software could be a general

purpose computer system with a computer program that, when being loaded and
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devi ce can be submitted to physical failure analysis

(6). In summary, the present invention provides a
W@oskssappr oach that provides an enhanced di agPCBUB2908/050595

resol ution and accuracy. The invention is effective to

a wide selection of faults that includes un-nmpdel ed .
exF%‘&F‘g§Pn9I\@S Fhi ATpUtGr Y STETS SHEh T SIS ORlhe BYepods described
hS&psitive faults, and the Iike. The present nethod is

conpati ble with conventional test generation and

di agnostic algorithnms and is easily integrated in

curr.gnt tesL.s %ten1a%/hitecﬁyrg(fpd testtflovv.anTlh§(i ;

met hott IBF°S ‘éwéﬁ" KOSHD APPSR 106 ORI {fg @Losgam product,
whieE Sbpasdsadued fearirdsienbdlidg ©aimpalchiaBon 8Nthe methods described

corresponding reduction in tester tine, while

heggncandrvatieh ywhenlpadehig aacomruécr of stemt-iiy eble éas¢arpaaut drase
1n§ﬁ5d@nd t hor ough di agnostic reporting. Mreover, the
rnventive nmethod is extendable to diagnostic "schnoo”
anal ysis and environnental sensitivity. Finally, the
present invention can be realized in, hardware,
sof t VRIPRULCTORIOGIaELMBIS A ICOMPHIT PSR ethe REFSSRIfcopigemean any

exﬁ%ﬁiBﬁEﬁ?iﬁgl laingﬁ%y, b&{% &%Bta@i%n,r(ﬁaal gefgpin.ktﬂlc?ioﬁ?@%nﬁle& ?oeéiause a
ashion in”one conputer systemor 1n a distributed
sybteshhaymgrnanforoiafidrepeatsseigemapatti btydo pespmea dagoruds gunction

.several interconnected conputer systens. Any.kind, of
cifbgr ity oy Brasony ergion gy ARt byl als Sodamtalifiqngdor
repRUALMI AN QUi FTERE: AREALDSHlescri bed herein - is

sui table. A typical conbination of hardware and

software could be a general purpose conputer system

ooy BIE AT Eh B SRRl Bt G e RO AR bR Sinagtiqn with

ex@pldre smbudinicht, Med Kot dRs alahp ellerfigtivel modifieating €MV ariations
i nvention can al so be enbedded in_a conputer program

wibk becrpprrentei thpseel sdiin g agl in lighoff thapresery desralptiphglttihe
G .
R TSLAAARN 1 A SR AR S0 e,
modificytiony tand haseione hdrfatiing vCotip i cetiudqycope amd speains the present
. conputer programin the present context nean any
IngEO8ssi on, in any | anguage, code or notation, of a
set of instructions intended to cause a

INDUSTRIAL APPLICABILITY

The present invention finds industrial applicability in the field of Automatic
Design Automation of semiconductor devices and packages, and more particularly, in the
design and manufacture of Very Large Scale Integrated (VLSI) and Ultra Large Scale
Integrated (ULSI) chips and multi-chip packages.
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system having an information processing capability to
performa particular function either directly or after
W@ sessPoNn t o anot her | anguage, code or not at PGHUS2008/050595
and/or reproduction in a different material form
CV%@%g the present invention has been particularly
ke i bed in conjunction with exenplary enbodi nents,
it is evident that many alternatives, nodifications
and variations will be apparent to those skilled in
Whhieis glaiméchist i ght of the present description. It is
therefore contenplated that the appended clains wll
enbrace any such alternatives, nodifications and
1. Vafeftod @Bisinasrpbatihg fdl dvtd N0y floRembiltipee %gﬁ@ﬁidﬁ@ &f 881 pdtferns
of the present invention. | NDUSTRI AL APPLI CABILITY The.
(5p9 ewelst varpipg ey genmenig dest serdtionsd p2Qpphindeiorming diggnostic
: £ ' ' ' f . .
a0 B HLETIAAS LR, SR TRL i e s o
par td)applairgysaid tasttpagcrae $3 390 tasuid DRMUFSE0) wider apluvality of said
Large Scale Integrated (VLSI) and Utra Large Scal e
[

enVHPRHFHEPndIoRs {620) ?%C%W@ti%ﬁjfaé dagi1B) raplkiag dereafal vs

Whaty,i ' S ' ' i
dat o (TR YRR il ST el OB &P gh i
copBBOns (H2er varyi ng environmental test conditions

(620 en. performn l.agnost.i.c si.nul.ati on (600).on '
v Db iR 0 (RE it Fwtie R Be iy (oo
anldhe steps of: a) applying said test patterns (530) to
said DUT (540) under a plurality of said environnental
condbtpetineming2hysind feidirk enalysis (§)do thedgtegtiyel@e of the said fault
al@suk&hng t hereof; b) running diagnostic sinulations
ngﬁ) hder said plurality of environnmental conditions
(620); c) analyzing fault callouts (40) fromsaid
runni ng di agnostic simulations (600); and d) )
2. g retbacef GalphysThesin piap by RELheMyBiss (B)sianp fiseforming

en%ﬁrhﬁrﬁgljlt\({ﬁy ongit Qb s&&ﬁlgslﬁliti‘fj afsgoLtqntg result at a predetermined confidence

level is achieved.

3. The method of claim 1 wherein intersections of environmental based fail data

determine fault resolutions.

4. The method of claim 3 wherein unions of said environmental based fail data determine

said fault resolutions

5. The method of claim 1 wherein said environmental conditions are selected from a
group consisting of device design parameters, process variations, and associated fault

models.

6. The method of claim 1 wherein said environment conditions are respectively associated

with each set of said collected fail data.
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callouts (40). 2. The method of claim1l1l, wherein step
b) further conprises the step of performng
we@pooslogaIent al |y sensitive scoring until a scoPECTYS2008/050595
result at a predeternined confidence level is
hi eved . .Th t hod. claimil erel
7 B o BRI SR R e Sigdpspectively sored
wﬁ‘l%e?dh%ﬂ@fsaﬁf’éotlleét%&@e{m&dt@ns 4. The method of claim3
wherei n unions of said environnental based fail data
determ ne said fault resolutions 5. The nethod of
aim.1 rein i.d. environnent a
s JR st PO o R RS AT T it DG P upon saic
faRi@E AR LB 1Bsai PRGBS iM@ob@d difkitioaNd associ ated faul t
nodel s. 6. The nmethod of claim1l wherein said
envi ronnent conditions are respectively associ ated

9. Wh;e Iilnegﬁ'oc ofsﬁﬁlmof gﬁ@[‘egl s%?(inén%%toggleflﬁ J:on(aﬂ O%P Zlfe JJ\?sted based on

reqlls froes ped diagadsticsimiledomaridsaibiehts agt reqﬁpl&alvxdth sald adJ usted
collected fail data. 8. The nethod of claim 1 wherein

enygppMeak «nditiont eappl i ed to said DUT based upon sai d
fault callouts by said running diagnostic sinulations
9. The nethod of claim1l wherein said environnental

10c dhdintetlonisofatamaldyvbetachdopised et patteass) hltegeherawdéaai;eaﬂ on results

di agnosti.c simul ati on and sajd tests er lie
frfin SRS e Bee D B ARG e SRt Rl IEE ' She
met hod of cIa|n11 wherei n adaptive test patterns are

gener at ed based on results fromsaid runnin '
11diThg meghadoofsiam lavheraingasdibsat of pattgypd iseerppbed i @idIYPT and

1. e nethod of ,claim1.wherein subs atterns
fofiged BE reTisiRE 4 Ryl S0 bt i resblinig
sai d diagnostic sinmulation and said fault resol ution.
12. The nethod of claim11l wherein said subset of

120 dhe srethod; of claampld] wheaaein waidrsubsey pf paiteristiarcapplicd widshs
engia}?{émé‘ﬁtﬁl SRHEDhE that LRTLRAH P £ 0% Sbhin® o PRYS LS Aata,

device models, process parameters, logic model, and fault models included in said

diagnostic simulation and fault callouts.

13. The method of claim 11 further comprising the step of rerunning said diagnostic
simulation based on said fault callouts, with additional data being incorporated into

follow-on diagnostic simulations and associated fault callouts.
14. The method of claim 1 wherein said faults callouts are modeled using a plurality of
changing and interactive design, process, and test parameters to generate characteristics

under a smaller set of logic circuits.

15. The method of claims 1 wherein said fault callouts are stored in a fault dictionary or

library with their respective behaviors under a plurality of said environmental conditions.
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devi ce nodel s, process paraneters, |ogic nodel, and

fault nodels included in said diagnostic sinulation
w@easHssebr cal l outs. 13. The net hod of cl ai m 1RCT/URL00&O50595

conprising the step of rerunning said diagnostic

imul atiqn based on ul t aIIout W th

TS AR et ok Bﬁall q%&%&%ﬁ%% Hplejapplacatigns el g5k of test
paiteAgnAaL \%r%hg‘éﬁxﬁﬁdn%[b%ta@ Rdt @RiRfindtaldn fp@l%ltrmﬁ bt %H&s%c

14. The met claim1 wherein said faults call outs
simplationde keldvigs inder desp (DA, |th<;/m@fh0d leamgiisigg dresteps of:

i nteractive des nd. t est r

gone? 20eMURF IR E s B R TR O bR B ETBO S St

Ci 1 chYicoHectih. fail RRpHBREH Ol Dkodihtall BBvidonwhBtagkddt &dtidetions;

fault callouts are stored in a fault dictionary or

| i breeyeaiting ardirgnesticedpatetipy éncb@adlwr gosing iHfepd gncgudes failing data

I I ggﬁﬂ canditions. 16. A

ar tb‘%?eg{;#c}’w@ Ir%‘?:igdrn %be?lg{ st f gt g fromnmultiple

appl d)gatfoanihg prh&sﬁﬁtfamire aegysipahte b peeddtetiained dinyl ¢adlout score
. environnmental test conditions when performng
is g¢hig¥dst i ¢ sinul ation on a device under test (DUT),

the nethod conprising the steps of: a) applying test

patterns under defined environnmental test conditions;
170)The alctlexcitafietpimalidl whersipomstep darfdadgsedstatmatd final callout score is

nvi.r o nt al condi ti ons; Xec t|n
AR T SHFIIAL SO BACEeCaR g CE B g Hinag confidence level i
achR&hydes failing data and the respective environnental
test conditions; and d) perform ng a physical failure
ana!ysis when a predeternmined final callout score is
%jﬂle f%eg‘%?dd’]fﬁ}aé%‘ t e‘?lﬁﬁrﬁ%&a@frﬁéﬁnemgflﬁ8 ﬁ‘r”@éc%!r@utl Sgor%fe’&pﬁs“ the
g@@hﬁeved then said final score is regenerated until a
predet erm ned confidence |level is achieved. 18. The

met FOAISIBE A RREIVIN ST SRREREINTOSBIaF HeqpnRGeatSEIRf toft PRityas:
cal | l@%ocﬁ&.ﬁg%e E{&gl[sltl g el Jﬁ%lrtciﬁrﬁg?t C%Ildltlgh ldﬁdi ge%pglé/%ngoaft least

adapt’ive to Create an enhanc
(nkeabxmaf&ﬁdﬂﬁtmh&nnpﬂufy|ng and adjusting the
envi ronnent cond tlonf and reappl ying at. | east
¢) incorporating additional design and process information to reﬁne said callout

SCorc€.

19. The method of claim 18 wherein said step ¢) said additional design and process
information is selected from a group that consists of device data, physical data, process

information, and alternate fault models.

20. A program storage device readable by a machine, tangibly embodying a program of
instructions executable by the machine to perform method steps for incorporating fail data
(10) from multiple applications of test patterns (530) under varying environmental
conditions (620) when performing diagnostic simulation (600) on a device under test

(DUT) (540), said method steps comprising:
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one subset of said test patterns; and c) incorporating
addi tional design and process information to refine
W@ 2008/0889b1 out score. 19. The nethod of cl ai m 1BCTAE2088/650595
said step c) said additional design and process
informatjon is, sel ected ma. t hat consjsts of. .
devi DéPRINE, Sawgtipeﬁﬁma&{@? i dhlog (5P A glyraliiygt said
erdtrbRhBRhEcoh@itohs (8§ hsd cc;liéct_i&% REIQEEAMOPERNREE tleadrce
readabl e by a machi ne, tangi bly enbodyi ng a program of
i nstuotiiog diagnestiatsahilatidng (6G® umdertvarepliligyeef amvironmental
t hod ps for incorporating fail data (10) from
“ﬁEFPP%“gbzpplications of test patterns (530) under
var yd)Rgal9hivik Fan&moads (SO Tebrh k88 SulBOdiaphfic il &idhs 1600);
di agnostic simulation (600) on a device under test
andDUT) (540), said method steps conprising:a) applying
sai dyt t . ' ( . e .
o urie B ek e a5 b St v BEGHT i fat
catlobts€¢d)i ng fail data (10) resulting thereof; b)
runni ng di agnostic sinulations (600) under said
plurality of environnental conditions (620); c)
anal yzing fault callouts (40) from said running
di agnostic sinmulations (600); and d) performng a
physical failure analysis (6) to the selective one of
the said fault callouts (40).
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