METHOD FOR ENHANCING THE DIAGNOSTIC ACCURACY OFA VLSI

CHIP FIELD OF THE INVENTION This invention generally relates to
wothesieddoot Design Automation, and more particularly, to a mettoddores/osos9s

enhancing diagnostic and creating fault behavioral effects by changing the
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simulation (3) with the resulting fault callout(s) (5) being used for PEA (6).

poor diagnostic accuracy. The resulting problems generate a growing number of “no root

cause fail found”, which typically end in semiconductor failurc analysis laboratories.

Identifying faults and pinpointing the root causc of the problem in a large logic
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
aigorithms 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 faif test
data in diagnostics simulations, arc 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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Test Pattern Generation Test patterns (530) are needed in

manufacturing test to detect defects. Tests can be generated using a
wovarigtggbmethods. A representative model of the defect is typiaallyza0s/050595

employed and is referred to as a fault model (510). The fault models are

advant usl ed to guide.the generation and measure the final :
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stuck-at fault model, faults are assigned to the input and outputs of each
primitive block for both stuck-at-0 (S-a-0) and stuck-at-1 (S-a-I) conditions.
Ted rampleSioigrmitive blocks, i.e., the lowest logical level in any design
include AND, O ND, NOR, 1INV gates, and the like. For each fault, a
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callout, a finer resolution is required. A focused set of patterns can

(althrugteth padearer adiffidt br s ailed out during diagnostic
simulation. In a typical fault simulation (3), the fault is marked as detected
once this process has been completed. Fault model models defects
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onventional diagnostics algorithms are insufficient to achieve the desired
loa gdﬂ@szﬁ Elxggea§ eﬁ}muiator (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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Diagnostic Simulation Referring now to Fig. 2, a flow chart is shown
illustrating a conventional diagnostic methodology typically used in
wolnskgiadeapplicable to final test of a VLSI die or multi-chip megdulgisan@ ozos95
which is used for determining the root cause of failure(s) and, ultimately,
steps for fixing the problem causing the failure. = The chip or module to
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referring to Figure 2, in block 1, it is determined at the completion of the

_test (.c,, aftera ing all the test patterns known a priori to detect the
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diaq,lii,la lggtcic_' tr%%l is to determine the fault or set of faults which explain the
Rl datd” Thé“Sutcome of the diagnostic tool is referred to a fault callout.
Typically associated with a fault callout is a measure of how well each
Dlaf{g#al%% %5%%90% explains the occurrence c_)f the physical failure (block 5)_.
IS performance measure provides a confidence level. The fault callout is
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(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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OBJECTS AND SUMMARY OF THE INVENTION Accordingly, itis 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

processdran: testing a DUT under a plurality of environments.porolidsisosesos
another object to provide enhanced diagnostics simulations and enhanced

dla%mcélc i H,%%gﬁ% fin dé OrltthE.dEhat u““%le—fz%hl beha’f¥01n g le‘t()l\ and the
INTo0 ion t%at resu(t) from hép uraf)fy 6F?es?condpﬁoh (fP

filkther object to include parallel or successive enhanced S|mulat|ons and
enhanced diagnostic results scoring. It is still another object to include
the environment test condition with the recorded fail results. It is yet

anothePBbjedttangse tevite pitdinetelsias dréirasadbrubactoninlinpeddae test
data tordefiy gmeyﬁ@darm@%h%ﬁmm@laﬁ@%ta [ sandiionsdariestcsencdtds.still

a further object tg adjust the environmental test conditions based upon the

(ﬁ?éjélf'ﬁ)%tl‘é! éﬁmfﬂé’% rag(fgodule passes or tails the test. Assuming that the answer is

‘yes’, the DUT is scribed, diced and mounted onto the next level of packaging,
Alternatively, if the device under test fails during testing, the corresponding failing data is
collected (block 2) and is processed into a set of diagnostic simulation programs (block 3)
designed to localize the failure. The diagnostic simulation 1s performed using the logic
model of the DUT and the test patterns that were applied which detected the fault in the
DUT. The intent of the diagnostic tool is to determine the fault or set of faults which
explain the fail data. The outcome of the diagnostic tool is referred to a fault callout.
Typically associated with a fault callout is a measure of how well each fault in the callout
explains the occurrence of the physical failure (block 5). This performance measure
provides a confidence level. The fault callout is then preferably inputted to a physical
failure analysis (PFA) process (block 6), wherein the correlation between logic failures is
coupled to actual physical failures. Lecating the physical failures makes it possible to
determine the root cause of the problem allowing the engineer to take the necessary steps

to fix the problem.

Therefore, there is a need in industry for a test methodology that provides
extended diagnostic capabilities under diverse environmental test conditions to acquire
specific device responscs and fully utifizing thosc responscs in a new cnhanced

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 2 DUT under a plurality of environments.



It is yet a further object to employ adaptive test techniques to create test
patterns to further refine the diagnostic resolution. It is a yet another
object to create a unique subset of environmental diagnostic patterns
genesadedsiiom the first pass diagnostics results to re-stimulatg ar@ifis/os0505
targeted set of logic paths that were not understood at initial test. Itis

a furtheIIrt object to iq)clutt:ie additional design and process data such as

physical' dhd deVice o dBIB ProEea PAarAmEILs i EBHABRIK fienhanced
niogetstierivedsfromitheseormbdelshangipardmétecsavioraTheseradoothefesults
Orj%ﬂﬂﬁe ﬂ}{%ﬂ%a%? é}%%&ﬁﬁg%s of the invention are achieved by

providlng?a method ?br enhancing diagnostic resolution based on including
environmental conditions, the method including the steps of: a) creating a

set of 1gsknaieis A AeTining s gLafeniranIRtial 36 CONAHRRRYED: and
applying the test patterns under the defined environmental test conditions;
cﬂ’ﬁ%‘ﬁ%‘&iﬁ’@%ﬁ@%ﬁﬁ%@%‘l@ﬁgside with the respective environmental
test conditions; c¢) executing a diagnostic simulation and callout scoring
that take intg account the environmental data; O performing a physical

failure H&@&'@Wﬁﬁf%Cgéa?éfigwg%&asavaioam?gﬁfe&fﬁdléﬁww&,ﬁa@nd
g}ibtheidadredacks the necessary confidence level, applying one of

several techniques to refine and enhance the score to the necessary
confidence level. These include but are not limited to: i) using adaptive

test geheratidnméhods:to createlancenhancedrset ofqlatterns forctestigiprocess
madifying:and-adiysiing e sovirenmenl eandiflas and reapplying the full

set or a subset of the test patterns; iii) bringing in additional design and/or
process information to refine the callout that includes but is not limited to

device daiaphysinakAatfRrecassinferoationaieinate Mk made!ssd upon the

and iv) adjusting the sequence and content of the tests to enhance the
GiAgRSYIC I 4HER &6iEtion and improve the diagnostic simulation.
Accordingly, the method of the present invention achieves an accurate,
high copfidence fault callout by including environment data in the entire -
diagnodtis Broblda Ak AR SAIAIGN SALTSCRRBIORBRS (o Rytterms
onéabpectoktie thvention failldata.logs from various test environments
are fully utilized in successive or simultaneous simulations and scoring
algorithms and reusing the results of each simulation. This provides
informafitir? préviniBey eisedintad s vanplesstoetod complexcher slhghostic
stk fapltsinelationsnd Risdpacess el reusesPrevigrsly.d %ﬁ@%emd
if?7"

data, like bad results to steer the algorithms through a variety of "what

Sor i R BAiremReharsERd shpiEal t§%ny fault creates a variety

of behaviors that can be dynamically modeled if considered during each
unique,environmental single stuck fault simylation and sequential scorin
alggritﬁr?nls 3 funhe o ject ig Elghl ¢ a(? ;t¥0naT Hcs£g11 ang procgss dafa 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

WnidieserRvikanmental patterns, changing tests or creating Nev &Sty ans/u50505
altering test flows, and /or adjusting all the environmental conditions while

applying these tests. .. In still another aspect of the invention, a variety
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significantly improve the isolation of the most complex faults in a design
manufactured in the narrower set of design and process windows in
today'sAcetrdoiabicdcBRIER DESCRIPTION QHOTHEDRAWINGSate, high

Theracrompanying drawingsawbich ats incarparated dn and w%%*abnc process

constitute part of the specification, illustrate the presently preferred
SrhtsBdireees b‘thH@ti‘ﬁ{}e‘ﬁﬁéﬁ‘\}\‘/ﬁ?éﬁl%ﬁéther with the general description
given above and the detailed descrlptlon of the preferred embodiments
given below serve to_explain the pri nc les of the invention. Figure 1 is

2 diagrih? ShBRG S AP AR AR Fol SR R BRI Fre e bR re
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gal,% %g rscltfﬂ lat fg&‘{'&%@ igggu{thngpfaol%flltd%?ug or(mdtl eln&c%?oeuds ]})Elﬁcountcd as
valueless or too complex for single stuck fault simulations. This process further reuses
previously discounted data, like bad results to steer the algorithms through a variety of
“what if 7 considerations. Environmental stress applied to any fault creates a variety of
behaviors that can be dynamically modeled if considered during each unique

cnvironmental single stuck fault simulation and sequential scoring algorithm.

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 15 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.



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. Figure 3is a

gisgaanshowing the environmentally enhanced diagnostic Systemiszo08/056595
according to an embodiment of the invention, wherein test patterns are

applled to a DUT under as Pf enviranment condlt s and éw

environmantal 1eSS0RSEs are fad 't AR nhahcad 8 Mo AR E&Tiolg{orration
ai'gaﬁmm withrthe resaittageenhénced fauit Mw(sbpbmn@ wusethfomPEA.
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process, according to an embodiment of the present mvention.

ﬁmé@séciﬁ Indswatel e preterredebribotith &ntiofthécinye dtion aidpnique and

@@,% ﬁfb@g,@gg}ggggﬁt, methed-wheRapplying multiple environmental
conditions. DETAILED DESCRIPTION OF THE INVENTION

Referring to Figure 3, there is a diagram showing the environmentally

enhanged, eiagpostieprocesstisNgniest, QH&@HB&:@@@B@%@&@@HA%&%Q provides a
defin%\f set of ePﬁironment COHdItIOIIS tg 55 en feedln the environmental
i6h &R

rEEPLHBAE oA SrAN R BPEFHNA EhitdlT Ry Wfﬁ?ﬁlﬁfffﬁ 85 data has
E&Sﬂlﬁlﬂi@/@ﬁtﬁﬂh@ﬂﬂ favitnpatiotdt (8)doeing useddorP bRy atterih@dést used to only

S byt from the manufacturing/dia stct patterns (i
PR
av@appiieg tentloen DU PS40y, OUp s fromethsddstsybtems(Ihincluderihg Test

pags{ipd 6@&%‘&%1(3% rdheRvieRment.enbansed faul: %‘PB‘&’&?'&R APSnental
diagnostic blocké 00) takes input from the pass/fail results (10), logic

AL 00 Crau HBteniseoysssd &Y peetasdotesphrgiidrinbdel(s50).
Provided from this fault simulation and diagnostic block (600) is an
enhanqled fault callout (40(? to be sent for PEA (6).

he entire enhanced diagnostics process mcluding all objects provides a
comprehensive diagnostics system to significantly improve the isolation of the most
complex faults in a design manufactured in the narrower set of design and process

windows in today’s technologies.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and which constitute part
of the specification, illustrate the presently preferred embodiments of the invention
which, together with the general description given above and the detailed description of

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

Figure | 13 a diagram showing a prior art flow for a typical diagnostic process
using test patterns applied to a DUT and then feeding the responscs into a diagnostic

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

Figure 2 15 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.



Still referring to Figure 3, there is shown a process using the

environmentally enhanced diagnostic process. Using device specs (610)
wolesihgfbhT (540), environment conditions (620) are defined fprigstolaRYb 505

patterns (530) are applied at the tester (9) to the DUT (540) at the

predefined environmental conditions (620). Environmentally aware
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for failure resolution. Situations may arise where the resolution for fault
beipg)isgt #6) §4nsufficient for PEA (6). Additional test generation (520) may

be needed with the new patterns (530) applied to the DUT (540).

Environmental conditions (GZO%gan also be modified for subsequent

testing? (&) T HroceE Resiato tritther AU SreRfaRecaliaaaaigeprocess,
acdegaldtionn emfiguied deniststhenbasiedipw of the environmental

diagnostic resolution method. Test patterns are applied to the DUT while

varying the environmental conditions (9). Fail data is collected for each

applicatien sndisiaigdwith jisfaspeetiie enviannental comditiam(18)izes an
ic simulations are then invoiced utilizing all the data

Enhanced diagnost g
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(20). While the new results have better resolution, more complex
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and 50 respectively) to allow proceeding to Failure Analysis (6).
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complete flow with preferred embodiments of the present invention is
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i e o At e 65is At o e Aot i s SR ARey
enhémfbﬁwmﬁmﬂm-CHMidnvegy_apaﬂsdétbQDsfmb@&Ié@tewai,@ashonment
conBHAH @ COnean (LR IHiGS HmeRs" 3@)_5}%‘%@%8%\{?1{(?%3{@ (9) to

methods and flows provide means to steer the fail data collection by

the M kg 6p abidingisdeienas cwstonfisnt! satdiseoeidied) ddiavbgarusingly
awRBPNSHGABERIVR t{%ﬁ%gélﬁ}iﬁi.l 4@ie galection long, wih.desianandor with

process parameters ild more targeted tests (120). More focused tests
congerdaty186IEo atoareHB AhsdRRivaaras! dS8EnTedlinmsifel £50 P iterdtivenceded
passes of (9, 10, 120, and 110). Additionally, a wide variety of design and
process parameters coupled with deféct characteristics can affect circuit
function and performance that causes fails not associated with the defects
that are targeted by the fault isolation patterns. This may confuse the
diagnostics engines that use test models designed to target these faults
with each pattern. Environmental diagnostics data enables extended

adaptive test data sources (110) by stressing the design, process and
Aefact fail charactarictice at earh eanvironment Ontimi7zed tect and fail



The fail data from each of these conditions is then fed into a diagnostics
engine to be separately or simultaneously simulated (20). The complete
woSBhosasybset of fait data can be used. The fail data can beggiplalad iRpsos
various ways. Methods include but are not limited to: simulations per
environmental conditions and simulations across multiple environments.
thepiiétiies ShghoBtBR RS JBIRTMHEBHHIBle pb daviss raarsictldlidresulting
froRAREIARHRMAL SxISLQRthex axishRuther wers nek leagedinn is fdtis

, determined that a new gattern can help isolate the problem and it is not

Phica dpRvSiiaBdY He Wb Al brEcHEabEr Biaghbehie pamarigpevhere the

resORMBRRSSING Isew enviconmental diagnqstics falidaia(8Q). JWhilgion
this is not essential to the preset invention, it ma%/éfurther enhance the final

(S20aBtt Pesiedishif by arer AvHREItE (90 PRt ddstitimi Persid)- the
Enﬁ%&%ﬂ%ﬁt@l%@ﬁtﬁgﬁﬁ@li@%tﬁ% flewnGlif) and tespplieddethe VN atis

varying environmental conditions again for the generation of a more
Progrst i@ et Be 4ER AN S tan afcauataraialHEOR diagnostic patterns
are used (90), and the pattern decision and process is complete, the
patterns are added to the flow (1103, reapplied (9) and the results are
logge8\ro). SeRE Hitlgnisatic RegiRE s ormEm mpi <ipeastc sattdntien method.
TedisReRIANGIN RS 19ic tostmede! andiassasiateddahdata setatdds (9). Fail

from a single or multiple chips at each failing environmental condition. The
daty HheplEsPYi L T3S GPRIGHEABA Petee ehEAEE 4B aratgRental
consiMoHtaNEo Us hateyartve shidatiansda).-are thReieringdattigieHbhealata
louts are compiled (30) from available diagnostic simulations (ZO%CWith the

resydihifg: ST SRR et LleeSarelinB et I AR & haY s the
nevearn]&@utsrlta&eﬁuﬁiﬁjefgimﬁ%m@ﬁb(’é@btfi@eﬁmaﬁqwgi@@ua%ﬁagwl dﬁﬂig%%to

Physical Failure Analysis (6). Examples of scoring methods include but
e A0 A Lo b 6 L S e Sl
infédramteagB Envirineeht (&) oratdifesdniativgiscaringonbated (40). New

environmental data is used, tg adjust the scores (60). If resalution is
occREHTINE L) RO R ACITSEEH S g el e S sy
exptdiotdemchodelssahsl datady fesreanalso e tidize ¢h(@pdQationallyrdrenalysis
©) \;}rfo@essfi%eratps on the_tc_m osite scor%nqqégojusin additional data. lati

hits AdditionaT 8t SHd TBaSIS A e o e BLa S Ta P TReP TIRES Tt ation

anderthangedegmyronitierdelt simulationgandetotindiprdcessesotheytareis met (60,

30, JRiangls inciuded n e prssentlow as anplfierPaseible psolution
enhancemen][,l needed.” "~ 'The énvironmenital calloutis thefi recorded
along with its environmental data (40), metric measured (i.e., a

PreGs %’}es'%%%Q%ﬁﬁ&%%%?eﬁa%%%é%‘ré?@ré%@&" TOIR SRR.MAY.De USEd ILANY, 40
possi le number of iterations or variations 0]l IS process In Instances
adapfirer écitt imciotet wineschtipdy therprdpde callovtnoragsblutidrihas bibeethod
dyARIEYEAIRAUESERSIIN COMBIBI LN JRQ! §4SE JRUN & ANANRIZ Ry 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.



scoring in (30). Information that is advantageously used in complex
simulations (60) includes but is not limited to: logic models, physical
wonaHglgssievice models, process information (70). New compleXfatit ez msosss
models can be defined and used to create more patterns (80).
Re-simulation then begins after new information is inserted into the

suspeicled Faling Qevises arit Tdheaintaiaiq doy siifupissrecdsmisiments of
theUirikgnprecsiesmineth RIRGIORISachiguad - Heral Ve CRIPISHGAMRABHE: as

scoring algorithms are then reutilized for storing the newer, more precise,
thepaireanaits s Aoy, shatistitttahtsnaidMrisntany wrdighten fetses Wil
enfledarmine) the aseuratyelthefavitirenelutiend20lidf camplats dhadauies:al
can be submitted to physical failure analysis (6). In summary, the

constisart itV htrsh Brovides s e pdppisachstrat Brevided Bovenmanisgoeans
to fiagnestisreseluinaant BeaHERGY: Jhaiinyentian s sffective 4 amideociated
selection of faults that includes un-modeled faults, AC faults, net-to-net
datgdpssrasipariarh Serrstvecriikand it tdathice!vropraeatiHateugs and process
paucaiBRalitlewith-conveniioaatdest gencratian and iagnests AEertbMS tons are
and is easily integrated in_current test system architecture and test flow.
thopRelREIIGR GFtRBYSHEERHIHE SR A ONAIRtRS (& dosditfle #adibtion in
Adfaiistatayyalunie,andgarreshrnading sedustiondmiester:ime: Moile defect
concurrently providing a mare effective test pattern set and thorough )
ohaiebEE Féia&#%f?ﬁd.cw&f%?? APy BRRIGETABEACA aktEn (b aqbassociated
witliagnastctisahmestanalysis, and eavirenmmentahsensitivitys mayRib@ie the
. the present.invention can be realized in hardware, software, or a
g AHATGISH AAFcHISrE b SR ABTE TSP FESERDRGeAth Eilh gish pattern
realized in a centralized fashion in one computer system or in a distributed
fashjon where different elements are spread across several
inter B O DRSS LSS ARy KD COMBAIb St SPEiH 10
by sippaiatubadapied farceas idglelsttie NorihedsrieseribeachetgitoriSent.
uitable. A typical combinatian of hardware and_software could be a . .
O S LR R GIET Sy A L BeD ASCRET 1 e G e tst
changing laaglecdand seiBduted aconirols theocdmplyteresystemasugbdhaidtvith the
arries out the methods described herejn. he present invention can .
e A 2 o BT RIS gT i OB AT QoM DRRR sty
subiinét tiebtutes armbling diremplementationof the methods described herein,
and which - when loaded in a computer system - is able to carry out these

methods.
The fail data from each of these conditions is then fed into a diagnostics engine to

be separately or simultancously simulated (20). The complete set or a subset of fail data
can be used. The fail data can be simulated in various ways. Methods include but are not
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 15 determined that a new pattern can help isolate the problem and it is not
alrcady 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

mvention, it may further enhance the final callout resolution. If they are available (30)

10



Computer program means or computer program in the present context
mean any expression, in any language, code or notation, of a set of

woRstuations intended to cause a system having an informatiow@gg&%mgos%

capability to perform a particular function either directly or after conversion
to another Iangua%eg, code or notation and/or reproduction in a different
{

andrgrE HEISHTHILS. Tomdieres pragdist iddedteihsdeshlen paHicardieapplied to
thed@BFIREGIYRBNIMAFIARMI BXeMRIat: emMPRIIments i svident et ecise

many alternatives, modifications and variations will be apparent to those

and patgse tié deisctight 81 the present description. It is therefore

contemplated that the appended claims will embrace any such

alternatives, modifications and variations as falling within the true scope

and Sphfit Bf thidl preagis imieritone NSUSTRIAL RpPeicABRcgn andrpiecess
is QU@pent.aveption-dinds induatrialapmicatility, inihe fild ot ANRRALG s are
Design Automation of semiconductor devices and packages, and more
fogﬁsﬁi@&hrl}}ww‘aﬂégi@ﬁ%ﬁa (HEHORACEIRO B eripH sl hidgratsih the

loghV k3Drast Ulia s aserseaia nfearated dUtsh) £9iRg1a0d Mults&NMips at cach
faigggkages. CLAIMS What is claimed is: 1. A method of extracting fail data

LHEVREGREE Sk DU TPBy ARG RS sppieadBs i tesns
enipatiemnspderiffareni epviionmentaltesh srpditions, the method
comprising:

Referring to Figure 5b, callouts are compiled (30) from available diagnostic
simulations (20), with the resulting environmental fault callout stored (40). If it is
determined that the callout has sufficient resolution (50) then the fault callouts are
submutted to Physical Failure Analysis (6). Examples of scoring methods include but are
not limited to: a cunmulative scoring where the scores are summed up from each
environment (30) or a differentiating scoring where environmental data is used to adjust
the scores (60). If resolution is insufficient (50), additional information such as physical
data and a variety of other models and data types can also be utilized (70). Optionally, the
process iterates on the composite scoring (30) using additional data. While additional data
and modelis are not necessary for their use in the enhanced environmental simulations and
scoring processes, they are optionally included in the present flow as another possible

resolution enhancement, if needed.

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 mn any possibie 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

11



a) applying said test patterns to said DUT under a plurality of said different
environmental test conditions and collecting fail data resulting thereof;

waPligagingsaid collected fail data and performing diagnostic simylatians sqsos
based on said plurality of different environmental test conditions, said

diagnostic simulations being executed on a computer; c¢) compiling
SCEHYArBhihhtar FURAEANTLS tharearaeaprbdaterimaissiioHatpes (60)
ind RRMRITYNG A iRMIGH! 8l e,80alSia RN SEIRIsR ARRSOSa s, process

_environmental fault callouts, wherein said environmental test conditions
infgrEneEctER) ARSF SRR dBRKigHs brde e d disd A nshrarrdeorseatigmore
paﬂmggprocess parameters and variations thereof, physical data, logic
model, and fault models included in said diagnostic simulations and fault
callouts. 2. The method of claim 1, wherein step b) further comprises

performing aRNIR MBS B SARSTIVG, SERING SN & SEQTNG HeSHIE Alighected
_predetermined confidence level is achieved. 3. The method of claim 1
o B G RGRSLEHBHS BIeS AR hm SHE AR R e ARl Vincd
pro@SRMEORShiGvek e ERaINO Ak SIRIB3WREIC R NN RESRIAS are then reutilized
environmental based fail data determine said fault resolutions.
for stormg the newer, more precise, fault callouts (40). Statistical and environmentally
weighted metrics will determine the accuracy of the fault resolution (50). If complete, the

device can be submitted to physical failure analysis (6).

In summary, the present invention provides a novel approach that provides an
enhanced diagnostic resolution and accuracy. The invention is effective to a wide
selection of faults that includes un-modeled faults, AC faults, net-to-net defects, pattern
sensitive faults, and the like. The present method is compatible with conventional test
generation and diagnostic algorithms and is easily integrated in current test system

architecture and test flow.

The method of the present invention also includes a possible reduction in fail data
volume, and corresponding reduction in tester time, while concurrently providing a more
effective test pattern set and thorough diagnostic reporting. Moreover, the inventive

method is extendable to diagnostic "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 - 1s suitable. A typical combination of hardware and software could be a general

purpose computer system with a computer program that, when being loaded and



5. The method of claim 1 wherein said environment conditions are
respectively associated with each set of said collected fail data. 6. The

degégﬁgggjzclaim 5 wherein said environment conditions are rggaﬁé%%%sﬂs%

stored with each set of said collected fail data. 7. The metho am1
wherein said tests are reapplied to said DUT based upon said fault
cxeaistirs Byrelidhuspiy diabibstc e thativ merrs Thicthsattedebds disienilicd
hedvherein said environmental conditions are adjusted based on results from
said diagnostic simulation and said tests are reapplied with said adjusted
environmental conditions. 9. The method of claim 1 wherein adaptive test

pattefns ;ﬁfe%cga%@ﬁ&@ﬁ%@@@ﬁ?ﬁ%‘b@éﬂﬁ'ﬁ%&&%@iﬁ@J&%ﬂl@gﬁ@%ﬁ%duct,

simulation and are reapplied to said DUT. 10. The method of claim 1
whigheGeimpa s etheripatersrisiiaspiblietni sasatpion ahidh ¢ohethedsiescribed
hef@RIRRING HRIC-diagnastis-aimuationand said.fault resoldtiony b Tge

method of claim 10 further comprising the step of rerunning said
megfigghostic simulation based on said fault callouts, with additional data

being incorporated into follow-on diagnostic simulations and associated

fault callouts. _
Computer program means or computer program in the present context mean any

expression, in any language, code or notation, of a set of instructions intended o cause a
system having an information processing capability to perform a particular function
cither directly or after conversion to another language, code or notation and/or

reproduction in a different material form.

While the present invention has been particularly described in conjunction with
exemplary embodiments, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art in light of the present description, It is
therefore contemplated that the appended claims will embrace any such alternatives,
modifications and variations as falling within the true scope and spirit of the present

invention,

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 (ULSD chips and multi-chip packages.
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12. The method of claim 1 wherein said faults callouts are modelled using
a plurality of changing and interactive design, process, and test
parameters to generate characteristics under a smaller set of logic
circuits. 13. The method of claim 1 wherein said fault callouts are stored
GihAlkéRIIt dictionary or library with their respective behaviours under a
plurality of said environmental conditions. 14. A method for incorporating
fail data from multiple applications of a set of test patterns under varying
REkSHFNET st conditions when performing diagnostic simulation on a
device under test (DUT), the method comprising: a) applying said set

f e nvir tcon |t|ons
L ErREmBS s S DU A SR et O e
Aeis6Hees a%%%%.a@é?@'w&ww @ff%%ﬁﬁ@ﬁwn@m%ﬁtéwégm@ﬁamﬁ@e method

)«@(@m@lng ona computer at Ieast one dlagnostlc simulation and callout
scorin

oot cONCTLBHL T o e e ot EF A AL e
est co S Brforming aphys il 9spe E}
spradereaniade fharchlion scdr@@a@f@deédgatﬁwwhmg thereof;

b) loading said collected fail data and performing diagnostic simulations
based on said plurality of different environmental test conditions, said diagnostic
simuiations being executed on a computer;

¢) compiling environmental fault callouts thereof at a predetermined
resolution; and

d) performing a physical failure analysis on selected ones of said
environmental fault callouts, wherein
said environmental test conditions are selected from a group consisting of device
design parameters and models, process parameters and variations thereof, physical
data, logic model, and fault models inciuded in said diagnostic simulations and fault

callouts.
2. The method of claim 1, wherein step b) further comprises performing
environmentally sensitive scoring until a scoring 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 environment conditions are respectively

associated with each set of said collected fail data.

8. The method of claim 5 wherein said environment conditions are respectively

stored with 2ach set of said collected fail data.

14



said environmental test conditions are selected from a group consisting of
device design parameters and models, process parameters and variations
thereof, physical data, logic model, and fault models included in said
diagnostic simulations and fault callouts. 15. The method of claim 14
wvhereimatho pfd)dirsadidvpredieteenitesdsfimal cwdlonliesdoresisi bl Bohedpon

§Q@W&§ﬂ@$lﬁﬂt§%§d®r@%l’x‘@@'ﬁﬁ&n&&@%%:H{SQEP%T“”GO' confidence level

is achieved. 16. The method of claim 15 wherein said regenerating of final
callout score comprises: a) using adaptive test generation to create
Aaniérhanted sétaf test patteinsaid enhbdﬁ@@f&hﬂ@cﬁﬁﬁtiﬁdﬂﬁ&@cﬁb@ted based

&PP@E%HQ‘F&%CQM'H @ﬁo@?géﬂﬂﬁ%‘éﬁ‘ gtté’é}g SHDSS &ess g

atterns; an ncorporating additional design and
QWﬁ%ﬁ@H‘E@W@ﬁﬁ%‘éﬁ%’@ﬁﬁﬁﬁt score. 17. The method of claim 16
wherein said step c) sald additional deS|gn and process information is

PRSI & AP Rnelols A S SR P SEN SRR RS
informat ion, and a erna e fault
results from said running diagnostic SImuEa’tson and are reapplied to said DUT.

10. The method of claim 1 wherein a subset of patterns is reapplied to said DUT and

followed by rerunning said diagnostic simulation and said fault resolution.

11. The method of claim 10 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.

12. The method of claim 1 wherein said faults callouts are modelled using a plurality
of changing and interactive design, process, and test parameters to generate

characteristics under a smaller set of logic circuits.

13. The method of claim 1 wherein said fault callouts are stored in a fault dictionary
or library with their respective behaviours under a plurality of said environmental

conditions.

14. A method for incorporating fail data from multiple applications of a set of test
patterns under varying environmental test conditions when performing diagnostic
simulation on a device under test (DUT), the method comprising:

a) applying said set of test patterns to said DUT under defined environmental
test conditions, said test conditions being different from one another;

b) collecting fail responses associated with said different environmental test
conditions;

) executing on a computer at least one diagnostic simulation and callout
scoring that includes said failing data and the respective environmental test
conditions; and

d) performing a physical failure analysis when a predetermined final callout

score is achieved, wherein
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18. A computer program product comprising a computer usable medium
having computer readable program code means embodied therein for
extracting fail data on a device under test (DUT) by applying multiple
applications of test patterns under different environmental test conditions

comprisagjenviroraiapjalyie saiuﬂitéstspa&amfedmsaidrﬁ)u@ruweo_lasistir?g of
p'ura"tafeqfc%aa%Qgﬁegﬂp&,%@vérrgrgn&meh&?étéﬁ%%%%gﬁgr%&g%'sg&%ﬁ% Hons

data resultlré? thereof:; load mgg said ata an

perfortAE W@l%l&%ﬁiﬁ@@ §bdThisHlupagelfity e dmemid

environimgntatiteshagandiienmeaditdiagaastic simulations; C)
compiling environmental fault callouts thereof at a predetermined
resolution; and d) performing a physical failure analysis on selected
Bhedlst waitiehofrelainehfarfzriricallolts, dvHaihmaitbenviiorhisaialéstt

MQ'M araiselected reaaigEPYR.RORSIsHRaRERRMIGRIdesIgRstemined
eterget ‘é‘fﬂd mo?‘ﬁ rocess parameters and variations thereof,

p%'ys%%?%l I%?g‘f‘(? and fault models included in said diagnostic
simulations and fault callouts

16. The method of claim 15 wherein said regenerating of final callout score
comprises:

a) using adaptive test generation to create an enhanced set of test palterns;

b) modifying and adjusting the environment conditions, and reapplying at
least one subset of said test patterns; and

¢) incorporating additional design and process information to refine said

callout score.

17. The method of claim 16 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.

18. A computer program product comprising a computer usable medium having
computer readable program code means embodied therein for extracting fail data on
a device under test (DUT) by applying multiple appiications of test patterns under
different environmental test conditions comprising:

a) applying said test patterns to said DUT under a plurality of said different
environmental test conditions and collecting fail data resulting thereof;

b) loading said collected fail data and performing diagnostic simulations
based on said plurality of different environmental test conditions, said diagnostic
simulations;

¢) compiling environmental fault callouts thereof at a predetermined

resolution; and
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d) performing a physical failure analysis on seiected ones of said
environmental fault callouts, wherein
said environmental test conditions are selected from a group consisting of device
design parameters and modeis, process parameters and variations thereof, physical
data, logic model, and fault models included in said diagnostic simulations and fault

caliouts.
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