2 3 NOV 2005 PATENT Title: Methods and Apparatus for Sem conductor Testing
| nventor: Eric Paul Tabor Field of the Invention [00011 The invedi bV 2005
relates to sem conductor testing. Background of the Invention [0002]
Sem conduct or conpani es test conponents to ensure that the conponents
operate properly. The test data not only determ ne whether the conponents

function properly, but also nmay indicate deficiencies in th { ng
process. Accordingly, many semnm condBATENTEonpani es may anal @m@w&@ﬁmmﬂm
coll ected data from several different conponents to identif d
correct time: For eMatiplieand ApratosforbemikendgderiBestingst data for *1saM6ti pl e

chi ps on each wafer anong several different lots. This data nay be
anal yzed tgvéngent i fEriePsaraabeef i ci enci es or patterns of defects or

identify parts that may exhibit quality and performance issues

identify or classify user-defined "good parts". Steps may then m’mummmmm’m
correct the problens. Testing i sFidl¥pf@aldventpar f or med before device R
packagi ng (at wafer level) as well as upon conpletion of assenbly ?W%al

test) . [O9G3), Gat her | i, Al BRRIAA P G-iEHhudiRiaghe Sxpensi ve and ti me

consuni ng tomatic testers apply signals to the conponents and read the
correspondi ng output signals. The output signals may be anal yzed to

det erm ne whet her the conponentBa'b%o@QQm@ilmntpfnoper ly. Each tester

generates a | arge volunme of data. For exanple, each tester may perform 200

tests on ?Oo%ingl € Con‘ggn%%cg]&dhctoarngon?paaggs ?efst Emgo%ellit?% ndify thl?nF the components
operate properly. The test data not only determine whether the components function
properly, but also may indicate deficiencies in the manufacturing process.
Accordingly, many semiconductor companies may analyze the collected data from
several different components to identify problems and correct them. For example,
the company may gather test data for multiple chips on each wafer among several
different lots. This data may be analyzed to identify common deficiencies or pattems
of defects or identify parts that may exhibit quality and performance issues and to
identify or classify user-defined “good parts”. Steps may then be taken to correct the
problems. Testing is typically performed before device packaging (at wafer level) as
well as upon completion of assembly (final test).

[0003] Gathering and analyzing test data is expensive and time consuming.

Automatic testers apply signals to the components and read the corresponding output
signals. The output signals may be analyzed to determine whether the component is
operating properly. Each tester generates a large volume of data. For example, each
tester may perform 200 tests on a single component, and each of tho;e tests may be

repeated 10 times. Consequently, a test of a single component may yield 2000

1



repeated 10 tines. Consequently, a test of a single conponent may yield
2000 | 2 3 NOV 2005 results. Because each tester is testing 100 Qr3 ROV €005
tonmponents an hour and several testers nay be connected to the sane
server, an enornous anount of data nust be stored. Further, to process the

dat a, t he server Es’ﬂm Cﬁ%éaXse dalf fsted P?es{hggsfoodoqtn?oré Qor@pon%ﬁ% ?rpﬁtﬁl?aﬁcpseveral

facilitate the maniptlation and ana of the data rage |

conventional dat %?s?e%sema %%Xxﬁxrecte{]ﬁ)qtﬁk LR {ewe} NlenSihRug omra@saétuﬁ@tsbem”

as time to organize and store t ata. 10004] The analysis o

gat heved data 1S Qo fubel 58! phocedkfic Wt UAE safverttp@cg { Qorc{THY €275

si gni ficant processing power resu ata 1s not

usual |y anal yzed YRy 4 tgu&§ H{a%n t'gﬁ’e%‘@#‘f’ﬁoaégiﬁ%ﬁ%f tP{eO'd tgl I é.’to?&@é‘lﬁ( ed

between test runs or in al T evi a sone-of t
Che rasi o M EouP TR D R SRR, e
resul ting anal y5|0§ cagno X theuda!ay conpl ete and accurate. As a result,
sanpl i ng degr ade & S%rﬁ)?gte under standi ng of the test results. [0006] I'n

addi tion, Aﬁ@ﬁi!{ ring t g‘gr Eu?a?}sns Fife gzl’t?e?e%l?éa?a i a(fs%rm{t‘%ﬁﬁx ?ﬁr ucPr‘ﬂ?

process. engi n prepares rogramto Ins Per to
generate the input o ec
Si gnal . The prograamft *f%a%@?f%%m%ﬁ% | & koo ¥ Soshf e‘f‘é’%g“g ol

operation of the com eln%etde %Po@ﬁc‘?&&\-‘f%é ytiuf nggstéaﬁq;fpl&'ilggéﬂ%gg'érg?er{ test

noderately conpl &x” | circ AvOo ests and
results. Preparin the ‘ﬁ% %t%gnsdenands extensive design and nodification
to arrive at a safistat ry Sof°uti on, and optim zation of the program for

exanp l et ﬂOé@imve r EdllL evmté és of [hesoe:t tth?&e\ﬂjs,ss%mgicginglrﬁe% én‘?f Eaﬁﬂlm\a cfaﬁqm res

addi ti ona tion.
from the testers and discard the rest. Analyzing less than all of the data, however,

ensures that the resulting analysis cannot be fully complete and accurate. As a result,
sampling degrades the complete understanding of the test results.

[0006] In addition, acquiring the test data presents a complex and painstaking
process. A test engineer prepares a test program to instruct the tester to generate the
input signals to the component and receive the output signals. The program tends to
be very complex to ensure full and proper operation of the component.
Consequently, the test program for a moderately complex integrated circuit involves
a large number of tests and results. Preparing the program demands extensive design
and modification to arrive at a satisfactory solution, and optimization of the program,
for example to remove redundant tests or otherwise minimize test time, requires

additional exertion.



2 23 NOV 2005 Summary of the Invention [00071 A nethod and apparatus for
testing sem conductors according to various aspects of the presenj 3 Nov 2005
i nvention conprises a test systemconprising an outlier identification

el enent configured to identify significant data in a set of test results.
The test system may be configured to provide the data in an output report.
The outlier identification el eggn Iehyvenigy forms the analysis at run
time. The outlier i dentl ficati Gﬁ‘@%ﬂfﬁﬁy—% 0 operate in conjunction
wi th a smoot hi ng systg g r?oth t he data and j de tifsy trends and

depart ur ed%%bm t est FBENed ABY ARParatys for tﬁé‘@%rSF‘B‘tcP CI9FS” 3958dpBAIRI YA 400081

A nore conplete understa di ng of, the &)resent i nvention may be derived by

referring to the2Reetiqfche c!’é‘?f&‘?t ‘ﬁY‘?"Hﬂ SATPTSTS cfeshi SHStelh PGS b PRer n

connection wth al I owi n ustrative figu which may not he to
scal e. Like ref er“%?ﬂﬁ@a"ﬂ’hﬁlﬁ’éf’ °P guredi 19 idgnpy signi 'f—ﬂ aBheAt & 1 6t QL b he
figures. [00091 Figure | is a bI ock_di agram qf, test, system accordi ng to

various aspects dh® (sh&/SiFeEanei AU oy Ripbde e dafasingth PUIPR PRl T
conmponents; [00101 Figure 2 is_a blogk diagram of el enents for operating
the test system ouflighigantifieationelement yuitahly performs theranalysig plpip timsy The outlier

configuration elenent; 100121 Figures 4A-Cillustrate _a flow chart for a
suppl enent al dat idetifigation %‘e‘@f"érﬁ%!talm ‘[PGU_*L%‘P epiyutien vithsa smenthing sysiesy to
various sections of a wafer; [001l4 gures 6A-B further illustrate a flow

chart for a suppls@ﬂ‘ﬁhfrﬁlda@éf‘%‘dﬁﬁéfy §’i“§ a“‘éﬁ“@ﬁ%‘ﬁfs fromy tpstgpsultingie 7

illustrates a flow chart for an output elenent; 100161 Figure 8 is a flow
chart for operation of an exeppl d?.t a fStWe)Bt QH] system according to
vari ous aspects of the pr esen&?@%ﬁ%ﬁ———é' , 1wl
[0008] A more complete understanding of the present invention may be derived by
referring to the detailed description and the claims when considered in connection
with the following illustrative figures, which may not be to scale. Like reference
numbers refer to similar elements throughout the figures.
[0009] Figure 1 is a block diagram of a test system according to various aspects of

the present invention and associated functional components;

[0010] Figure 2 is a block diagram of elements for operating the test system;

[0011] Figure 3 illustrates a flow chart for a configuration element;

[0012] Figures 4A-C illustrate a flow chart for a supplemental data analysis element;

[0013] Figure 5 is a diagram of various sections of a wafer,

[0014] Figures 6A-B further illustrate a flow chart for a supplemental data analysis
element;

[0015] Figure 7 illustrates a flow chart for an output element;

[0016] Figure 8 is a flow chart for operation of an exemplary data smoothing system

according to various aspects of the present invention;
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3 2 3 NOV 2005 I, [0017] Figure 9 is a plot of test data for a test of

mul tiple conponents; [0018] Figure 10 is a representation of a wafEmNoMagihg
mmultiple devices and a resistivity profile for the wafer; [0019] Figure 11
is a graph of resistance values for a population of resistors in the

vari ous dqyigps of t NEigHRIGA o oot FE ke 1St hHAborkichbings 124 B ar e

general a tailed plots, respectively, of raw test data and snoot hed

test data hpg the var F%Hﬁ: HeVd §aSprdentliGUbe a 1afed BBAAY mishifNE Bévicek ind he
figures are illustrated for sinplicity and clarity and have not

necessarily been r&ﬁﬁ%é}@ﬁﬁq@tjtﬁewﬁ@ﬁ exanpl e, the connections and steps
performed by sone of the elenents in the figures may be exaggerated or

omtted r jve to  pLper 16k 8 RphSriQishabdvdiis ifPd PHRIEDA 6F &isdri i theof
enbodinenﬁ@ﬁ%* t he pre@ent inggﬁkion.wDetaYIeé Desgﬁﬁption o# anlExganary

Enbodi ment [ 0022}, The bis 8Fhe WakEBE Fighte TRMnbe described in terms of
functional block conponents and various process steps. Such functional

bl ocks a”ﬂo@tgﬁ??gﬂf‘ﬁdp‘?‘“g gz gd #ﬁerﬁ%d raym%;pn@&, R ENRIE oPfavsSRitt Rl €

conmponent _ 0 perform e specified functions.” For exanple, the
present invention moo%%k&l/da\f?fok i SariduS @évides of PERE§HSOr s, storage systens,
Pegrate e. g

processes, and in clrcult conponents, .g., statistical engines,

merory el q%ﬁ, Si gnﬁieﬁﬁg%&éiﬂg&eghﬁmﬂ@?d FR QinfplicR) %é@mxﬁy alf 1RQE a&B, and

the liKke, may carry out a variety o unctions under the control of
one or more test gk RlyBBRHAGRTS afe, 1K eRnfdfd, tHieUohhdliofkeMb 4S5 pekfdrmed

addition, the present I'nvention may be practiced in conjunction with any

nunmber of  test g)P\ls'oﬁg%W SemHinCRE BgS¥s habd @R adgeRRd drDnfiRddskMiNe

exenpl ary application
other elements to help to improve understanding of embodiments of the present

invention.
Detailed Description of an Exemplary Embodiment
[0022] The present invention may be described in terms of functional block

components and various process steps. Such functional blocks and steps may be
realized by any number of hardware or software components configured to perform
the specified functions. For example, the present invention may employ various
testers, processors, storage systems, processes, and integrated circuit components,
e.g., statistical engines, memory elements, signal processing elements, logic
elements, programs, and the like, which may carry out a variety of functions under
the control of one or more testers, microprocessors, or other control devices. In
addition, the present invention may be practiced in conjunction with any number of
test environments, and each system described is merely one exemplary application

for the invention. Further, the present invention may employ any number of



;‘or the invention. Further, the present invention m

_ , _ y enpl oy any nunber of
4 2 3 NOV 2005 conventional techniques for data analysis, corrpo%e 3 NO
interfacing, data processing, conponent handling, and the like. 10023 205
Referring to Figure 1, a nethod and apparatus according to various aspects

of the present invention operate in, . conjunction w.t. S

having a tester cppyentignt %’q‘é?ﬁ??fngﬁt? ﬁnaltlyéést C%W%nr%é?]f&a(cﬁgat? %?Otcg%]sn ?gg
sem conductors. In the ‘?rgsent e di ment, the test system 100 conprises a
tester 102 and a CBWPIPEPAD 4 The test system 100 may be

configured for testin ny co onents- 086, h | guct }
ggt ?C\évfaf g;lp(t)@i] r cuiI t P%ﬁ&&g“g tﬁ%ﬁgga "&évlgégds?p%grratug?’%cér?mggtﬁgct i gsrglegg}r“ oes
( stens. |In e present enbodi ment..th : '
mul ti Plt e int ggr attéﬂpﬁiﬁn&lﬁvfn‘@f‘é’g"‘?'ﬁr %??ngﬂétg’"mvg%hga?g%;%p%%%Eg%g%‘?gﬁf{e%%gf gd
circuits or devices. [0024] The tester 10 Ltably . J
?ﬂgl Pme?jt tha'EI_ ht e?@sf‘@hrﬁ?gﬂmagc tefbsqwnéégﬁ)a?’éé%ﬁfgéa"%‘h?si‘gﬁ%{a%|ﬂéﬁ ;Ee;g to
esti ng. e tester 2 may. conprise ti I i
such a5 o' Terady Tl s, e (0 St B a0 BreoiebE ot her
ui pnen or facilitating the testing. The test 102,
confi gured accor divagmil88+ Fee tedErsieetl mﬁ&?%Bﬂ@H@rfTb%gwggéépf"@ggﬁﬁ eﬁ%’ﬁg/ gpd
any other appropriate criteria. [Q025] The teste 14%2 9 erate i
conj unction with SRRACSMRERICIs Jeyieehon 88y e&,c‘rc'l"{){;“é a??ﬁn?%f’ g?v cﬁ?’é’rrno{l]lﬁre
tester 102, load and/or execute the test progr 9 Ilqc data.  proyd de
![ nsz ructions to teiecticekPEOPHED SYSIR eﬁ%ﬁlﬂe gfcgef‘gﬁﬂg?‘ﬁ@g’r' g}?g‘f%“é’ oneé‘osnftP qéol
ester paraneters, and the like. In th t, enbodi e.
syst em 108 receiW@“@%Wﬁkpleda'te&mﬁeﬁﬁﬁﬁ"?%@gste gfr‘]eélrc’enlﬁg’g Egrn%deck%ggﬁ?gg%%ﬁ gtrjs

data anal ysis functions independently of the tester 102. Th
system 108 al so i ¢ifsrissRssedcs: Y . The conmputer

[0024] The tester 102 suitably comprises any test equipment that tests components
106 and generates output data relating to the testing. The tester 102 may comprise a
conventional automatic tester, such as a Teradyne tester, and suitably operates in
conjunction with other equipment for facilitating the testing. The tester 102 may be
selected and configured according to the particular components 106 to be tested
and/or any other appropriate criteria.

[(0025] The tester 102 may operate in conjunction with the computer system 108 to,
for example, program the tester 102, load and/or execute the test program, collect
data, provide instructions to the tester 102, implement a statistical engine, control
tester parameters, and the like. In the present embodiment, the computer system 108
receives tester data from the tester 102 and performs various data analysis functions
independently of the tester 102. The computer system 108 also implements a
statistical engine to analyze data from the tester 102. The computer system 108 may
comprise a separate computer, such as a personal computer or workstation, connected
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statistical engine to analyze data fromthe tester 102. The conputer system
108 may conprise a separate conputer, such as a personal conputerZ dMNOV 2006
wor kst ation, connected 5 16 2 3 NOV 2005 to or networked with the tester

102 to exchange signals with the tester 102. In an alternative enbodi nent,

the conputer system 108 may be omtted fromor integrate i nt t her

gorrpogents of thé°1°é§?tw§9‘§¥é’hmilﬁﬂ)t°%ﬁ’fdﬁ\?aff’ieé‘ipé‘“ﬁetﬁ’l@taﬂo"ﬂéh ﬁ’ﬁﬁesffé%%epwmned
y ot her conponents, such _as the tester 102. 26] . The, c uter system 108

i ncl udes a pr ocesaé%‘inati"f(fnﬁ’ﬁﬂmémrr@ﬁﬁ?‘?"”iefz‘?'s‘tem[égé)'ﬁl?{‘)gee%'%‘lﬁgﬁﬁ‘ % 7“’5‘@3 any

sui tabl e processar, such as a conventional |Int %I, Mot orol @, or Advanced

M cro Devices prdB@s@Ber, COmeonets 0 thé by TR « i98nand v#oysyUions Jiw ebe

operating system such as Wndows 98, 'nd(ﬁvvs NT, Uni x, or Linux.

tSlhm larly, the ﬁgﬁ??“eﬂﬁz oty compRptSs e Ay the 532 at e nenory accessible to
e processor , such as a random access nenor or other suitable

storage d0@6km for JheFempytessysiem 108 B&lrufi?scﬁjﬁ"a?e,sglofﬁg@ %"nﬁﬂ‘?mm’z{laf jl'l‘lﬂehe

present system includes a fast access nmenory for storing and receiving

i nformation and iPSOcSERPE AP yOmpHSes | ¥ WiARF tPROCSEHPR | WP 36 & SpmERHQpak el

facilitate the operation of the conputer 108. (0027%, In the present

enbodi ment, the rdeierola, on Adyaneqd Miseo Peyices PEAFessofy RTINS ARy COYRCHN Witkam t s

received fromthe tester 102 and facilitating analysis of the out [aut t est

data. The menory stitablq spasdling Yeiemysychrast Windows 8368%“49&’& NTt Ppigy a1 LHpxt est

data for analysis. The menory 112 is suitably configured to store the

el ements of a dyriamilerly, thetreamsisy 112,mansamprise ARF IROFIRGAtE meony pecpssil trdhs on

selected by the test system 100 and/or the operator according.to selected

criteria and analpjesessobatdb quahnasthrandens accepscmemmery (Ryydyoap ot F“&PM‘P‘@%" t he

menory 112 suitably stores a conponent .identifier for eagh
system, for storing data. In particular, the memory 112 of the present system

includes a fast access memory for storing and receiving information and is suitably
configured with sufficient capacity to facilitate the operation of the computer 108.

{0027] In the present embodiment, the memory 112 includes capacity for storing
output results received from the tester 102 and facilitating analysis of the output test
data. The memory 112 is configured for fast storage and retrieval of test data for
analysis. The memory 112 is suitably configured to store the elements of a dynamic
datalog, suitably comprising a set of information selected by the test system 100
and/or the operator according to selected criteria and analysis based on the test
results.

[0028] For example, the memory 112 suitably stores a component identifier for each
component 106, such as x-y coordinates cotresponding to a position of the
component 106 on a wafer map for the tested wafer. Each x-y coordinate in the
memory 112 may be associated with a particular component 106 at the corresponding
x-y coordinate on the wafer map. Each component identifier has one or more fields,

6



conponent 106, such as x-y coordi nates corresponding to a position of the
conmponent 106 on a wafer nmap for the tested wafer. Each x-y coord? 3aN( 2005
the nenory 112 may be associated with a particul ar conponent 106 at the
corresponding x-y coordinate on the wafer map. Each conponent identifier

has one or nore fji gleq%aﬁ@ldzcc)’%rels\gr(d@qgﬁeﬁa%l@%fh Baretlﬂarcegtrqegmﬂaﬁonftﬁg

exanple, to a partlcu r test perfornmed on the conponent 6 at the

corresponding x Mhd RereWih@h kidbh oh hife \ra%raaefa idie relhiR& t
correspondi ng co%ﬁ@ﬁ%ﬁ%{gggﬂ or ofﬁgr r%fgught data. The nen%ryril ﬁ%y be

configured to i ”%éi&%egﬂmdﬂ?mn%&@mtrotsI&%tr{%yréréwm%er m sy 68 asrey di ng

to any criteria or he ‘conputer 108 of the present

embodi ment  al so %Iuré n@péfdytohiﬂau@ecﬁfys&tat Beﬁrfeﬁtbgrtﬁg‘ﬁse?ya%td%med%'dgd?drﬁé 1@agt her

menory (or a port he nmenory 112 drive array, an optica
storage system teg%laetr‘ﬂegur tabl e storage system The storage system may
be local, like a drive dedicated to the conputer 108 or the tester

102, or ”ﬁwgf rem)te &% 198 e ﬂégeﬁtee@{] JafYenR 3RO ShiAbEhaliat ddsdroSLr Ver

to which t est sy i S connecte e storage systemmy store

programs and/ or %ﬁs&aﬁgf sgasﬂ Sh B@&oﬁt&?ﬁﬂh@% &,Pﬁ koAl eMe ﬁg@g@ﬂ@ B S kg the

test system 100. r'esent e st orage enrconprlses a

datapase 114 avaidable, vrrogmsﬁgr&ggecsﬁar,v&rmﬁ T

mai n production server % &% uring |ty ata ase

stores tester | nf O test gri:ie 13&? I]B(g% ﬂa?&rﬂe cg:ﬁfcgteé 'tcl e ’coﬂg\ﬁ%lefOS &i%eategtlﬂl es

for operating thé stem’l t's conponents, prograns,

downl oadabl € i nStpuL g, ahok NGl B ndY SHAIANYsscBila WG o sk 130T The

test system 100 may Al t1ronal equil pnen acilitate testrng of

e, comonents LGl Rt el s s UCRSTRAEIGIRS 3
device handler o used by the computer 108 or other components of the test system 100. In the present
embodiment, the storage system comprises a database 114 available via a remote
server 116 comprising, for example, a main production server for a manufacturing
facility. The database 114 stores tester information, such as tester data files, master
data files for operating the test system 100 and its components, test programs,
downloadable instructions for the test system 100, and the like.

[0030] The test system 100 may include additional equipment to facilitate testing of
the components 106. For example, the present test system 100 includes a device
interface 104, like a conventional device interface board and/or a device handler or
prober, to handle the components 106 and provide an interface between the
components 106 and the tester 102. The test system 100 may include or be
connected to other components, equipment, software, and the like to facilitate testing
of the components 106 according to the particular configuration, application,

environment of the test system 100, or other relevant factors. For example, in the
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prober to handl e the conmponents 106 and provide an interface between the
conponents 106 and the tester 102. The test system 100 may i ncl ude2 8rN® 2005
tonnected to other conponents, equipment, software, and the |like to
facilitate testing of the conponents 106 according to the particul ar
configuration, %%fkﬁatem@m rﬁnvthéot@gie stedf  £00€ id & Phnes%Et &M2A0Qpp QporBiia a@t her

rel evant factors exanple, in the 2 3 NOV 2005 present e ment ,

the test system %diuﬁlcsmmgs&lﬁﬁ ubh 80a ARAT B10S 'néuv@rk mmenércga;uapnetweﬁu um
such as a | ocal area networ intranet, or global network |7ike t

internet, to tr agq(?it lln{H'n%f Q@Ir&r@ﬂlttlﬁoﬂﬁﬂ% togé(tﬁér%yﬁemssm a@%etxjaﬁotre%w&
server 116. (00 he test system 1 may 1 nclude one or nore testers 102
and one or nore gghputers 108. For exanple one conputer 108 nmay be
connected to an appropriate nunber of, such as up to twenty or nore,

testers 13393%800”' NIThe oYLy BHS10b earsvc’@aude SR rfite 1daBrsS)0 oo biRRIONPUL

and the c uration o conput 08. Further, the conputer may

be separate fromth utggslbngJr%amﬂg og@){orpﬁtérribgfgl B@gon'nggtéa th Qﬁapﬁr@p?itaﬁr 102,
1)

for exanple utilizi one or nore processors, ries, clock circuits,

and the |ike of tg%fbgreéé §loh 29 9p 4 Réthly ?fgrgor@dt@gtsrf 902 sdBIAAUS RHIGIRARS TRY

be performed by ereént conputers. exa t conputer nay

performvarious Rl s dialy Jnssthx%ﬁéﬁat AQY &hﬁégmuto?ﬁé BRYuLRR, FReREVe the

data and perfor ano t of conputers nay prepare

the dynamc datal,pos, and Qgs mf} Q{{]g&% B 66 ROEL Foo, bOARAAe hcbBRb iy Bem 100

accor di ng to vari ous daspec resent I nvention tests e conponents

106 and provides tgs?eh 90 et%r g&%ﬁ%’ S\*tﬁmﬁ\ﬁ Qnk &5 I‘no{:eeﬁrw:egé)rs 'r:rgmoﬁé@ mRLe t:lrcu'ﬁtgI e

suppl enent al anal'ysi's Tay | correct, questiona unusual

results, r eDet I tahX theifke bf the %g{' P2 €T é’&dft#an avaﬁ@&s%x'nc‘ﬁ@ﬁsymw @bc%ﬁ%b ity

of fallure

by different computers. For example, a first computer may perform various pre-
analysis tasks, several computers may then receive the data and perform data
analysis, and another set of computers may prepare the dynamic datalogs and/or
other output reports.

[0032] A test system 100 according to various aspects of the present invention tests
the components 106 and provides enhanced analysis and test results. For example,
the supplemental analysis may identify incorrect, questionable, or unusual results,
repetitive tests, and/or tests with a relatively high probability of failure. The
operator, such as the product engineer, test engineer, manufacturing engineer, device
engineer, or other personnel using the test data, may then use the results to verify
and/or improve the test system 100 and classify components 106.

[0033] The test system 100 according to various aspects of the present invention
executes an enhanced test process for testing the components 106 and collecting and
analyzing test data. The test system 100 suitably operates in conjunction with a
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operator, such as the product engi neer, test engineer, manufacturi nﬂ

engi neer, device engineer, or other personnel using the test dakd %m
‘then use the results to verify and/or inprove the test system 100 and

cl assify conmponents 106. [0033] The test system 100 according to various
aspects of the present invention executes an enhanced test process for
testing the conmpgnent spplidficanskeantd by tthengorapwter 18Ral Befemigs tte StigudalatheThe
test system 100 suitably operates in conjunction with a 8 2 3 NOV 2009
sof tware appl i cadfivare eyfRsticadohyhet preseaprmbodmendtOBeludRsf mekiplegeleroer fure 2,
the software application of the present enbodi ment includes nultiple

el ements for i pphianeahs i@ énhenced hanpedess cistluging e eosfigurativh witimegt 202, 2
configuration elenment 202, a supplenentary data anal ysis el enent 206, and
an output el emegiy,RABnwiaath a@xhlﬁﬂ?ﬂlﬁemerﬂ%@ 230 Gn o2 elamenaR0sy Fzohplemses a
sof tware nodul e operating on the conputer 108 to performvarious tasks.

Generally, the ?wfzbg%grsm&myqiog{pﬁggs aZdfwpreaepainkoptfating ersthe caypitani0200 f or
testing and analysis. In the suppl enentary data anal ysis el ement 206,

out put test dat g fHeH {dBul BMsETGeheRIN,SthaRahnERtioh BleEN Q0 pRepsledHE GRENL ar y
test data, suitably at run tine and automatically. The supplenentary test

data is then t%‘;m j0bifStedting bhCaRek AliPthe SUppRirhhgrdatymblests dymérheodut put
el enent-208. [0 34?mThe confrguration el ement 202 configures the test

system 100 for pasting il eonCaIRIRENSIs bAflyRAd giptaeziupplenbeary est datgt a. The
test system 100 suitably uses a predeterm ned set of initial paraneters

and, if desiredg;iHifofi"Rhi Gfe fnautdieatiensl atmue supplemenndry gustedatahés thest
system 100. The test system 100 is suitably initially configured wth

predeterm ned op, g ﬁ:UlttgthQ%Fé&Slt&raﬁoth&sSﬂtﬂhBj'&xeoﬁﬂpetre@dnwm-m&endance to the
test system 100. Aofj ustnents nmay be nade to the configuration by the

oper at or ryokfy  desir efle bRfigRaiRARIcteN] 202t doRfiSRATNE RE s3Q8m 1063 Bektifemher i ng
to Fi guré 3,] an exenplary configuration process 300 perforned by
components 106 and analyzing the test data. The test system 100 suitably uses a
predetermined set of initial parameters and, if desired, information from the operator
to configure the test system 100. The test system 100 is suitably initialiy configured
with predetermined or default parameters to minimize operator attendance to the test
system 100. Adjustments may be made to the configuration by the operator, if
desired, for example via the computer 108,

[00351 Referring to Figure 3, an exemplary configuration process 300 performed by
the configuration element 202 begins with an initialization procedure (step 302) to
set the computer 108 in an initial state. The configuration element 202 then obtains
application configuration infonnaﬁ.on (step 304), for example from the database 114,
for the compute.r 108 and the tester 102. For example, the configuration element 202
may access a master configuration file for the enhanced test process and/or a tool

configuration file relating to the tester 102. The master configuration file may

contain data relating to the proper configuration for the computer 108 and other
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the configuration elenment 202 begins with an initialization procedure (step
302) to set the conputer 108 in an initial state. The confi gurat? @rNnov 2005
‘el ement 202 then obtains application configuration information (step 304),
for exanple fromthe database 114, for the conputer 108 and the tester

TS RN PR R

rFocess an

configuration fi ligpe dg(fi‘)iac%olélr gfrfthoé] ge Shlgatbslr 1&:&%&:5 T(ﬂfa TR tocqg' a dZOn

file may contai oper conti gurati on

t 108 and o 00 t
xetut o the enhaftHELED %?*be%gogme%o TRy emﬂé’f%s ?tecon#.'é%*?"; 0 1
Connect ] on. - d 1 cEBRGAiEh et i d%rﬂ&czw%er 15 st B e R o =

manuf acturer, flags, - rober identificati on, or any ot her pertinent
i nformation for ¢ E—? ster 102. (0036] The confi gurati on eI enent 202 may

et or corfidgh at i on 119 ETRRHP hEoton 2"'*"%841 oy i, Pl B DUPELI )
o retri eve’ furt AEPREEE By i S FFRED) BroF e °3n%%faa~3ase9ff'zt%gfr e B e
i net ances for  tccriievonTln G i AR f@eicon 'ﬁ%%f)“gesé’ni“{rit’-@ k%o' Bt o®
be accept od, deceoHEAIIEh daiyy 'a‘ér?l%v% R S %rpﬁla{?s% B8 oot
(50 rul e and g6 %“frﬁa%stéf?é O o2y DAL 558l 2o RRLS
appr oval andi or WO PR BRE E}Ettesivg@ém%é‘e%? PR 18& %;9" A0,

i nclude default or othe es that are suyitably,c ured for
each product, Wa]sxé}ai)g' mcﬁB cpes one or more deI‘auIlt parametérs et may"i)e accep}éd é)eclmeg or

adjusted by the operator. For example, the test system 100 information may include
global statistical process control (SPC) rules and goals that are submitted to the
operator upon installation, configuration, power-up, or other appropriate time for
approval and/or modification. The test system 100 information may also include
default wafer maps or other files that are suitably configured for each product, wafer,
component 106, or other item that may affect or be affected by the test system 100.
The configuration algorithms, parameters, and any other criteria may be stored in a
recipe file for easy access, correlation to specific products and/or tests, and for
traceability.

[0037] When the initial configuration process is complete, the test system 100
commences a test run, for example in conjunction with a conventional series of tests,
in accordance with a test program. The tester 102 suftably executes the test program
to apply signals to connections on the components 106 and read output test data from
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conponent 106, or other itemthat nmay affect or be affected by the test
system 100. The configuration algorithnms, paraneters, and any ot RNV 2005
criteria may be stored in a recipe file for easy access, correlation to
specific products and/or tests, and for traceability. 100371 Wen the
initial configurafhkQPmpsRaLI86.1 Thersmpl BRanaytfrefore stultipleste8RPI O cRBRATEHCES a
test run, for exanple In conjunction with a conventional series of tests,
in accordance w t lp@od £8hfepradeamtesTiney bespeatediBeraltimesonynecsiBe (RBROEHe
test program to apply signals to connections on the conponents 106 and
read output test ggd aTstammalfiom tBe NGNMr 20D5s stoesdcfomauinle aecessI T, supplemenddlt er
102 may performnultiple tests on each conponent 106 on a wafer, and each
test may be repeajgglaeman@test 4®% Muitdde Tantatz oapoiserbe stordbin aTesg-taat a
fromthe tester 102 s stored for quick access and supplenental analysis
as the test data pgmasadt subsbquattenaiaisandnye. al so be stored in a long-term
menory for subsequent "anal ysis and use. [0038] Each test generates at |east
one .resul t Jo?ﬁ] at | easg,Anest Gendrites SOEROREN TSIt fiRedtdeasi onp obthFicompaseds. an
exenpl ary Le of test results for a single test of multiple conponents
conprises a first R;g?}ﬁn%ftotfqgﬁe b estiblemphiay s @ f sdsateissitsi fomh Isipglsitest pamuligleues
and a second set of test results characterized by values that stray from
the first set. EaE&n?Jngﬁ'tE cERSALES a fRYsdh6f RamEatiehhving satistisoliesimilaselurd aidt and
7 !

a lower test limt. a particular result for a conponent exceeds either

limt, the Comong@&omﬁ%@tesp&ﬁmL-ﬁamrasdM@mtmstwy.fro(nomw(st gonBachf t he
test results in the second set that stray fromthe first set may exceed

the control Iimtg. Wik q'na?tﬁ}eé&nﬁ&dﬂ@tan e tdeliphesént loper peshsit. tifiese
test results that stray ffromthe first set but do not exceed the control

1mits or otherw seucal keshp 5o ARkBGHAE chteeds eflerlémis e asmpont may *.  The
outliers in the test resueits may be

classified as a "bad part”.

[0039] Some of the test results in the second set that stray from the first set may
exceed the control limits, while others do not. For the present purposes, those test
results that stray from the first set but do not exceed the control limits or otherwise
fail to be detected are referred to as "outliers”. The outliers in the test results may be
identified and analyzed for any appropriate purpose, such as to identify potentially
unreliable components. The outliers may also be used to identify various potential
problems and/or improvements in the test and manufacturing processes.

[‘0040] As the tester 102 generates the test results, the output test data for each

component, test, and repetition is stored by the tester 102 in a tester data file. The

output test data received from each component 106 is analyzed by the tester 102 to
classify the performance of the component 106, for example by comparison to the

upper and lower test limits, and the results of the classification are also stored in the

tester data file. The tester data file may include additional information as well, such

11



identified and anal yzed for any appropriate purpose, such as to idazn:; iNoY 2005
potentially unreliable conponents. The outliers nay al so be used to
jdentify various potential problens and/or inprovenents in the test and
manuf act uri ng processes. [0040] As the tester 102 generates the test
results, the outpytjodiant detatand tedt pRaah identifRati@ndata.t @¢ tesendam dijeis theon i s
stored by the tester 102 in a tester data file. The output test data

recei ved from eaghoGRAREBRRLmPAEr 103 inBRbypEdIIBKUENE 4 @atderd td02 duta formlaassi fy
t he performance of the conponent 106, for exanple by conparison to the
upper and | ower t©$bF] file]and storB6h hborfyesul ts of the classification are also
stored in the tester data file. The tester data file may incl ude

addi ti onalgh4yfjOr Mat i ONyAs MEkdmpusddabs deteiresthdiebteMda20 A, t8 shigpfinhiagsddat a
and test programidentification data. The tester data file is then

provided to the campul @lembMB206ManmyzeUthe dhtaftb|Roviddiethandougtuandaltsd Test er
data format (STDF) "file, and stored in nmenory. [0041] Wen the conputer

108 receives the {63t REniAPlAa halySis elehRnt20D BlagPRoviderayy dfyirepriacernablysis of the ement
206 anal yzes the data to provide enhanced out put results. The

suppl enent ary datgyanialas lashisleome BhitaRRGbERMvA T Poti etempleytha piypledicn@atyedata
analysis of the tester data to achieve any suitable objective. For

exanpl e, the supp,QBOLIEHYNtEE Ray AR & staliRioERhgiRO for BBAlyZinFheoBmlt test
statistical engine for analyzing the output test data at run tinme and

i dentifying data and:cRAGACLRN tshinGSs @t ddaehdatteistits bfthedas bf inkrdsh® the
operator. The data and characteristics identified may be stored, while data

that is not ide%iai&.dmm%d@ms‘dtéﬂsﬁ@ iginsipes Rty 6F stosdiovhirda s ared.
[0042] Il e supplerrentary data anal ysis el enent 206 may, for exanple,

calcul ate stati Shifigkd nhPbl Gferdi6 Qispisttlof] fuch bedishatadand a set of
statistical configuration data. The statistical configuration data may

call for g['améui t abl e T REppMmeARA) ¥sth SnARBOEIEEY 206 mayh Forneasiple péaldunae t est

system 10 nd/ or the operator, such as statistical process
statistical figures according to the data and a set of statistical configuration data. The
statistical configuration data may call for any suitable type of analysis according to
the needs of the test system 100 and/or the operator, such as statistical process
control, outlier identification and classification, signature analysis, and data
correlation. Further, the supplementary data analysis element 206 suitably performs
the analysis at run time, i.e., within a matter of seconds or minutes following
generation of the test data. The supplementary data analysis element 206 may also
perform the analysis automatically with minimal intervention from the operator
and/or test engineer.

[0043) In the present test system 100, after the computer 108 receives and stores the

tester data file, the supplementary data analysis element 206 performs various
preliminary tasks to prepare the computer 108 for analysis of the output test data and

facilitate generation of supplementary data and preparation of an output report.
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control, outlier identification and classification, signature analysis, and
data correlation. Further, the supplenmentary data analysis el eneng @(0,62005
‘suitably perforns the analysis at run tinme, i.e., within a matter o
seconds or mnutes following generation of the test data. Ile

suppl ementary data anal ysis el ement 206 may al so erformthe anal ysis
automati cal |y wi (Refemng 8ay to Figwss Al ghibe P%Fﬁ"tt ﬁ'@b%jg'BF‘H’t {19? SURR EFBP“{%&

engi neer. [00431 In the present, _t,el?t ) st%m 100,. after the corrpué{.er 108
recei ves and st oradlysihelemeriA08 inigally, cqrigsgthe dgsler data il fo 2 topl ingut diregiony v i o
el ement 206 perfornms various prelimnary tasks t repare the conputer 108
for analysis of tP@EeseRdg tothedelevpat 5“&%@2 (?t%i?:‘l‘qszi)'ti'ﬂ Sug ﬁ@F'&?W%ﬁtaé‘fq‘Bys‘S

suppl ementary data and_preparatjon of _an output report. 12 2 3 3005
Ref erring now t o eEmgay 3&6 Ao cretrieyps qoafigpraiionndaty, i, pEppatenthe qompuer 388 dhent ary
data analysis element 206 initially copies the tester data file to a tool

i nput directory SeRplsBRBNHRlYSS Pbthe AUPYIdFSERt tester 102 (step 402). The
suppl enment aqr% data anal ysis el enent 206 al so retrieves, confi gHrati on data
to prepar d004E conput &k eaBigpmation datmritablk ipclpdss 2,554 Qilpaistiss dalrthafmayube t est
data. [0044] The configuration data suitably includes a set of Iogi stics
data that may be retiieved; feammdhe fegien dafe fHedten #QMt aThe FUPPIERERBYAGM) afiafyys

suppl ementary data anal ysis elenent 206 al so creates a |oqistjcs reference
(step 406). The lelsgieat308slsp sreateshlogistighyreerenes (a‘a%‘*%s?@?hmgcsw SRSEE%Yon
such as the tester 102 information derived fromthe _tool configuyration
file. I'n additi onnclidgdestesdP infemaion spchmsdhs testss K2y itogmafipn caé“rf%?’r‘é‘%‘r’ti on.
[0045] The configuration data may al so_include an . identifier for the test
program that geres! agadigyraiiony dilgyyt Iy @dditioft the  Ipgistigse &4feisRcgy SapisigRgd i
identified in any suitable manner, such as looking it up in the database
114 (step 408), hdentfieaienation with the

[0045] The configuration data may also include an identifier for the test program that
generated the output test data. The test program may be identified in any suitable
manner, such as looking it up in the database 114 (step 408), by association with the
tester 102 identification, or reading it from the master configuration file. If no test
program identification can be established (step 410), a test program identification
may be created and associated with the tester identification (step 412).

[0046] The configuration data further identifies the wafers in the test run to be
processed by the supplementary data analysis element 206, if fewer than all of the
wafers. In the present embodiment, the supplementary data analysis element 206
accesses a file indicating which wafers are to be analyzed (step 414). If no indication
is provided, the computer 108 suitably defaults to analyzing all of the wafers in the
test run.

[0047] If the wafer for the current test data file is to be analyzed (step 416), the

supplementary data analysis element 206 proceeds with performing the
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“e

tester 102 identification, or reading it fromthe master configuration
file. If no test programidentification can be established (steb34le) 2008
‘test programidentification may be created and associated with the tester
identification (step 412). [0046] The configuration data further identifies

t he wafersmthe st run . to be . oG ssed he suppl enentary .data

anal ysi s el ement SYRRESMGaTY QMra“qﬁség F g flﬁ% ftl?/vg‘fretﬁg Wal? : thg’e%"rl%esé}?ﬁ
enbodi ment, the su i.s el ement ccess e

i ndi cati ng which® eé’?eé‘aé%@a‘%/ i‘Pa@é‘S&% ‘}/@8 “(aé‘PZ °ifif)ess"? heﬁS’%ﬁﬁgﬁ%‘%ﬁI"on is
provi ded, the co upb‘g 108 suitably defaults to analyzing all of the wafers
in the test run. 5)7 If the wafer for the current test data fiIe isto

BEﬁQZ‘LZZng;EFf ﬁf%eg;ttha%m%%%' ROitode %‘m%@%ﬁl%@ 08 289Ysi s on
anal yei el enent BT ERUPE 1 BY StY2E QE<tb doote T 1 PR BRI 18 Tost ep

418 00481 Th | t dat | | t 206 t.ablish
o mor&_sect | on GPRRp R BHREHARFGIRE HUP g Tir ol RUPEY &5 898 Mot o

step 420 To identif e appropriate ct.i

(()ut pgt te)st dat aS“RHlF@‘e"éEbB?‘% s}fr‘i)er’&eé‘lt &Sgﬁ‘a}ag& e'@' 5%’?1?p§%§y§tﬁe‘f%f’ﬂl y
identifies an appro te secgtion roup .defjnition, for accordin
to the test pr ogﬁ%ﬂ‘fga ngiony frs exawpl, accprding: for fgatesty W°gﬁgcﬂ“@cgfoﬁ“§r oupg

i ncl udes one or e.sectiqn.arra section rra i ncl one
or nore sections %Pt‘?%{ém%a%é"hs?f&?%oﬂo?@/H@E‘%es[ 6'54‘§1m§8(§t3? Hadn %8‘??%r| se
various sorts of caomponent .1 roups positioned in eterm ned areas of
the wafer. For e)?%?ﬁ‘ﬁ @rayr‘g‘fl%q%FP% grgoq:{)e s © gtheéa'% et °8§yﬂe§pe may i ncl ude

r 2 | umm 4
a row 50 [00%9]00 . > c:choriJl ty%ttesed%%%ksg La%logs s50(1)'t§ of con%orngtwl% gpo%gs posxtxonedain

predetermined areas of the wafer. For example, referring to Figure 5, a section type
may include a row 502, a column 504, a stepper field 506, a circular band 508, a
radial zone 510, a quadrant 512, or any other desired grouping of components.
Different section types may be used according to the configuration of the
components, such as order of components processed, sections of a tube, or the like.
Such groups of components 106 are analyzed together to identify, for example,
common defects or characteristics that may be associated with the group. For
example, if a particular portion of the wafer does not conduct heat like other portions
of the wafer, the test data for a particular group of components 106 may reflect
common characteristics or defects associated with the uneven heating of the wafer.
[0050] Upon identifying the section group for the current tester data file, the
supplemental data analysis element 206 retrieves any further relevant configuration
data, such as control limits and enable flags for the test program and/or tester 102
(step 422). In particular, the supplemental data analysis element 206 suitably
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radi al zone 510, a quadrant 512, or any other desired grouping of
conponents. Different section types nay be used according to t h@ 3 NOV 2005
*configuration of the conponents, such as order of components processed,
sections of a tube, or the Iike. Such groups of corrponents 106 are

anal yzed toget her t? Iﬁggatolé déslred %{atﬁ ?npéafcﬁlatxﬁr%%@m%%f\ﬁ ésacﬁ)gectlor] array it a

characteristics tr SSOCI a ed W

particul ar porti Ong%g?ctharégrgu?g epqgg)aéggred%gﬁgﬂggnyﬁ la l)xlfs ?};&%es: E)etd' ons

et et "clnion shatact et o op gl et oag Ay

e g o the BBt Bty 9 gﬁ""a&zgf Fob Yrodt 151

et eves any 1 gfvm?newéf sy Oﬁf R 0B Y ; Znea)st "é%%ts'rgg? Rimits
porcurer, 112 el TGOS “é‘ﬁtEﬁ?‘r‘?(’@"S“' Pt oy

Zons e oves s cef o el 0 skalelicn o SHLANAL RS RIREUEE.

cal cul ati ons may 1?‘? deﬂ:gnat ed in any manner, such as by t he operator or
retrieved froma 'f7f%¥ urther, the suppl errent al data anal ysis el enent 206

L v b
28? grlrét f\lclal ?{/ thé“éfﬁ?? Hgéfi;le "aglﬁflgloura? EZ%@%WB%F egéf%%%]lyfls %TF’"C"‘% N
suppl erental dat %8% %te iR s 46 RO “°go"§°m"fi‘g?9ﬁé?, AT e —
enbodi nent sui !to gﬁﬁg}waﬁ fdévx?qah‘é pf?fﬁé\t é?’h?d"f‘f)"téﬁgarl?&' %t%ﬁveg‘e °t8gr$f°gu?' g%ﬁ%e t8at a

accordin
g to thecgrpf?gu%ttlgrrx data" acco mg °lo rlhréeoge?a gr oW 1sth§s og' %)e test system 100

requirements. When the configuration data have been selected, the configuration

data may be associated with relevant criteria and stored for future use as default
configuration data. For example, if the operator selects a certain section group for a
particular kind of components 106, the computer 108 may automatically use the same
section group for all such components 106 unless instructed otherwise by the
operator.

[0052] The supplemental data analysis element 206 also provides for configuration
and storage of the tester data file and additional data. The supplemental data analysis
element 206 suitably allocates memory (step 426), such as a portion of the memory
112, for the data to be stored. The allocation suitably provides memory for all of the
data to be stored by the supplemental data analysis element 206, including output test
data from the tester data file, statistical data generated by the supplemental data
analysis element 206, control parameters, and the like. The amount of memory
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requi renents. \Wen the configuration data have been sel ected, the
configuration data nmay be associated with relevant criteria and? 8tNAVeddh or
future use as default configuration data. For exanple, if the operator
selects a certain section group for a particular kind of conponents 106,

the conputer 108 JfiyarcthBldakcdhleY adtsRidgS, HABmpREGL hHb I bPMRs pQforfbd suCh
conponents 106 unless instructed otherwi se by the operator. [00521 The

suppl ement al  dat g,apga!l daipSndatseIBNthe2 Rl SO skutisY ighsip 4rilys, CROTchAY afnkign  and
storage of the tester data file and additional data. Thé suppl enental data

anal ysis el emntstﬁ,@&aﬁgulléz@moxs R deQfeAb@ed B ME ¥udpRhRRaAZBka arRHGR eRtneht

portion of the nmenory , for the data to be stored. "The al l'ocation
sui tably provi despgepRineifi@r all of the data to be stored by the
suppl enmental data anhalysis el enent 206, including output test data from

the test erllog%ga file, v@ﬁeﬂtah%l% lhe%Lnffg%amgsﬂ@r&b%rpﬁvqgﬁgss@HEQleﬁs@ramysfisdat a

anal ysis e nt 206, control parameters, and the e anount ©

menory 15 2 3 No‘{irgQ:Q?y Ad QRAted; wthb%u@g{ {éﬁlecﬁgaggggs%ﬁﬂéﬂéﬂj%%ﬁﬁa ahflYsis

exanpl e, the nunber of" test's pertorned ents , the nhunber

of section group Ml Y Sog 138 ﬁﬁQ'Pélé\ght tedt BalaSinto, rﬁé@%ﬁtﬁf@ig%ﬂé}é Sgﬂrﬁﬂﬁ%% to

be performed by the suppl enentary data anal ysis he |ike.

0053] Wh || fi s at i i t
[ ] Wen a %ggﬁlgﬁ%ﬁﬁg ahﬂg;esg%r} glt@ oggpmwefspaameﬁﬁqersw@nm?y agﬁghﬁm ary

analysis are rea upon t he out put test datd,

| tary dat ' | . . i nt
suppl ementary da e@eg?}e@?%%&;?xgyr @rko?ﬁga% n6faBer! ABYpet BE dAtLhEYABS adeBRIngda R | NLO

menory (step 428) suppl enentary anal ysis on the out put

test data. The S%p&,%sas;a&t ﬁ%yf&,ﬁgﬁamaém& Sest ?}sﬁemﬁ'ﬂéo, 208relRY tmeagf%w &ny

nunber and types 0 a anal yses according to the "conponents 6,

configuration of ott}{};? LRSdnt SEM %nggéﬁé}wrn% &fa tax}fh?ysﬁpgl'éﬂEﬂr zo@gla%ggeher

rel evant criteria. The suppl enenta a anal ysis el'enent 206 na
configured to analyze the sections for selected characteristics identifying potentially

defective components 106 and patterns, trends, or other characteristics in the output
test data that may indicate manufacturing concerns or flaws.

[0054]) The present supplementary data analysis element 206, for example, smoothes
the output test data, calculates and analyzes various statistics based on the output test
data, and identifies data and/or components 106 corresponding to various criteria.
The present supplementary data analysis element 206 may also classify and correlate
the output test data to provide information to the operator and/or test engineer
relating to the components 106 and the test system 100. For example, the present
supplementary data analysis element 206 may perform output data correlations, for
example to identify potentially related or redundant tests, and outlier incidence
analyses to identify tests having frequent outliers.

[0055] The supplementary data analysis element 206 may include a smoothing
system to initially process the tester data to smooth the data and assist in the
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configured to anal yze the sections for selected characteristics identifying
potentially defective conponents 106 and patterns, trends, or of BeNOV 2005
“characteristics in the output test data that may indicate manufacturing
concerns or flaws. [0054] The present supplenentary data anal ysis el enent

206, for exanple,, snpothes, the o u e data,,.cal cul ates and .an zes
various statisti& “gg%a{éﬂ“ 8h “t“ﬂ@rso Eegu%zgﬁ'es he Hg?oé},"“%ﬁﬁslg?'ﬁém)i ﬁs%éged@bé
and/ or conponents, 106 coyrespondi to varioys criteria. .The sent
suppl ement ary daf$® ‘t‘i%‘]‘)?g?'@e%“etﬁ%H‘ga’z‘ffégsf’réﬂ}é)ﬁ]esl e’chggféi"ﬁ’/' bﬁrPdo‘Jg rtglrt]lgte
the output test data to provide inforgation to the operator and/or test
engi neer rel ati QBETRST BHES CURHSKEE%06 and the test system 100. For

exanpl e, the present _supplenentary data anal ysis el ement 206 nay perform
out put dat[‘?;{’ségrrel at | ORfsSMqoHting @S?ﬁﬁwse‘“‘t“ﬁ’%f B’é‘ﬁ?q‘q"‘ff%p é’l’i?rf’éls’lif aré’lo Bd or

redundant tests, and, outlier incidence n ses to identify tests havin
frequent outl i er SPERRHBSHY thq'ﬁgm%‘ﬁ?fpﬁyétﬁ’ﬂrhogr %ga?{“amilwa%ﬁg séi{%’ﬁ?@?ﬂm%%s mag

i nclude a snoothing, systemto initiall rocess the tester data tq snooth
the data and assF’&“?“HlenP}IaFFérPﬁ‘GS"?°@"lﬂd€F %@%cf”&gﬁﬁ? YIOUR POK %&ffa’Ftipg‘P%" (step
429) . The smoot hing system may al so, identify__signjficapt changes. in the
data, trends, and@ayHeClpdeca basip, SBACtHRG PERSeSs o%ﬁé‘g’pleﬂ’ef‘ﬁgphﬁﬁ%?‘gﬁﬁ’ro"%y t he
out put el enent 208. %Oogﬂ The snpot hi ng systemis suitabl gﬁ i npl enent ed,

for exanple, as Rrqyidsdersrhanserbirasking gndior ady 0%%%@?3%@? 488. The

snoot hing system suitably conprises multiple %has,es for snoot hj ,n‘g Hhe dat a
accor di ng @857 ar i ous Tha smacthing sysiempspitably opqeades by apitallyadiustiee ap 1pigial yalue

snoot hi ng process. The suppl enment al phases condi}i onal lé‘i provi de for
enhanced tracki ngf ahdelpteddaster JHEMm SFROBHTE dY &f lishemeatingg4ichniaieyodnds The

snoot hing system suitably operates by initially adjusting .an initial value
of a selected te§‘ERP|le“tf8iaUW1a&&ﬁ%‘?ﬂﬁﬁﬁxt‘%“&“ldlqgéga ?f!t%%m‘ h‘P%@ﬁﬂl“ﬂjﬁé%“‘and

least one of the initial value and the initially adjusted value meets a threshold. The
first smoothing technique tends to smooth the data. The second smoothing technique
also tends to smooth the data and/or improve tracking of the data, but in a different
manner from the first smoothing technique. Further, the threshold may comprise any
suitable criteria for determining whether to apply supplemental smoothing. The
smoothing system suitably compares a plurality of preceding adjusted data to a
plurality of preceding raw data to generate a comparison result, and applies a second
smoothing technique to the selected datum to adjust the value of the selected datum
according to whether the comparison result meets a first threshold. Further, the
smoothing system suitably calculates a predicted value of the selected datum, and
may apply a third smoothing technique to the selected datum to adjust the value of
the selected datum according to whether the predicted value meets a second

threshold.
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suppl ementarily adjusting the value according to a second snoot hi ng V. 2005
technique if at |east one of the initial value and the initially ast eg
wval ue neets a threshold. The first snpothing technique tends to snooth the
data. The second snpot hing technique also tends to snmooth the data and/or

oot hi ng WGkt que.  BerTHIER Fibfe & RFBLHRHas el BTl Bfel e
iteria for deternini t her 't I | thing. Th
oot hi ng. syst em it AREGtR e SRR RS SR B aB RS Bt a
t I lit f di ta t t ' Lt d
appl i ¢5. & second = UBERIT i ePcDEh BeeuB oRunG o BsTu SR on 08 Pttt « ne
I f th | ect ed,dat cor di t ther th ' . | t
moets a first t heEABIRTSIE HeleRERes Vi sgulbie RFPRirerak s St P UAPLLl at es
dicted val ue_of t ted dat d I t hi t hi
Febhni que Lot he 66 BEEES LT g Wertrher DarYE " Be o bl he PR dar am
according to whether the egi cted val.ue neets a Iiecond .tI]r?tshol % ?])17_ ., 2
3 NOV 2005 [ 0058]% SEFIRIRS %"" & SeEPYhing igapProPFiples ol AL 3RS R I WIPK Yoi nt
i i tabl t | .t . first t est t a.poi,.nt t 8 dth
ooy Y e ket hE i R SRR F S B
Bef f ' t hi ti t h ' t ibnitiall
dot or m hos. wht haPTEHBBE A IS AE= 25BY BBt adnParnt e e e tBireditt Bl 7 oo
performs a basic snoothing operation on tlgde data. An crtitsc%ri'da rrng%.l%e _
applied to deterffi°A '%@g'ﬁ’é’rp% Ai thgshold” SopRagisen atlle MR L0mPERM G ng

to the nunber of _ data points received, the deviati of . the.data point
val ues from a sel%@t’@'&%é’b’ﬂ&?‘ SRRt ag i‘%ﬁ?\"’%‘?r‘agﬁac SPatthe HB‘I‘fﬁtS"\?gI%Wé to a

threshold. In the present enbodj nent, the, snpathing syst rforms a
t hreshol d conpar iPE¥HSS 'T’f’r%ta?th%TgJﬁB‘Ieﬁ o RgfsEd I°§Bﬁn‘%’g smdothihg of the fia.

[0059] More particularly, in the present embodiment, the process starts with an initial
raw data point Ry, which is also designated as the first smoothed data point So. As
additional data points are received and analyzed, a difference between each raw data
point (R,) and a preceding smoothed data point (Sy.1) is calculated and compared to a
threshold (T)) (step 806). If the difference between the raw data point R, and the
preceding smoothed data point S,.; exceeds the threshold T;, it is assumed that the
exceeded threshold corresponds to a signiﬁcant departure from the smoothed data
and indicates a shift in the data. Accordingly, the occurrence of the threshold
crossing may be noted and the current smoothed data point Sy is set equal to the raw
data point R, (step 808). No smoothing is performed, and the process proceeds to the
next raw data point.

[0060] If the difference between the raw data point and the preceding smoothed data
point does not exceed the threshold T), the process calculates a current smoothed
data point S, in conjunction with an initial smoothing process (step 810). The initial
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determ nes whet her data snoothing is appropriate. If so, the initial

smoot hing process is suitably configured to proceed to an initial 23 NOV 2005
“snmoot hing of the data. [0059] More particularly, in the present enbodi nent,
the process starts with an initial raw data point RO, which is alsg

desi gnated as the gridosiings pRedshetvidasa poicnsm@dhing\of theddhta-i SAnPaTRica ih&ient s
are received and anal yzed, a difference between each raw data point (R')
and a precedi ng srp@ehcdnbadimeppi the §Sic, smpothimgc atogess atwP el acePpYaMEdt 0 a
threshold (T,) (step 806). If the difference between the raw data point Rn
and the precedi NG soRatiftachotiing pptiest) suSh as sccendingedthedtipwitg egsiiond T, , it
is assuned that the exceeded threshold corresponds to a significant
departure fb@ﬂat he snoot hed- gatas, _graMi w8, cates a shift in the data.
AccordingIJ, the occurrence of the threshold crossing may be noted and the

current snv[@%ﬁd data ReeRd MSisa skiRcts@émeatilag cdefficidng, snees 0arrd-Jpoi nt R
(step 808). snoothing is perfornmed, and the process proceeds to the

next raw d%eﬁdﬁoi nt. [q%@gﬂxitiilfsmfobﬁir@ﬁré@ﬁsﬁdﬁﬁ@olpeimealaﬂm@ awoclftiantidi ot
and the precedrng snoothed data point does not exceed the threshold T1,

the process cal cul ghag. @ SUIRARE aREBA!STethodtasg fROTBIAE! The GUIilTobihing
wth an initial s Ing process (step 810). The initial 18 2 3 NOV 2005
snoot hi ng process cﬁsi}g&\g& Qf‘éﬁ@fﬂ%k%mhht@@awﬂ&@to&ay ariteFoandeocafipired ini n

the present enbodi nent, the basic snoothing process conprises a

conventional  expopentiak. OPRER LG EELGESapplitition a8 thasmosttinp gysten, thealata
fol | owi ng equation: “[00611 S=(R'-S*-1)*M+S,. -1 [0062] where M is a

sel ected smoot hi ng, coefdi fGifmenBUGR casubflitids Of ke shoohB@E3Femmdionpay ather
snoot hi ng process suitably ‘uses a relatively |ow coefficient M to provide

a significant anoupnt.of pERQLRALRItEARItkNGndEtis: prbbes imal termeloystamdsinh irargiom
process and coefficlients nmay be sel ected according to any criteria and

configured in walk, moving average, simple exponential, linear exponential, seasonal exponential,
exponential weighted moving average, or any other appropriate type of smoothing to

initially smooth the data.

[0064] The data may be further analyzed fqr and/or subjected to smoothing.
Supplementary smoothing may be performed on the data to enhance the smoothing
of the data and/or improve the tracking of the smoothed data to the raw data.
Multiple phases of supplementary smoothing may also be considered and, if

appropriate, applied. The various phases may be independent, interdependent, or

complementary. In addition, the data may be analyzed to determine whether

supplementary smoothing is appropnriate.
[0065) In the present embodiment, the data is analyzed to determine whether to
perform one or more additional phases of smoothing. The data is analyzed according

to any appropriate criteria to determine whether supplemental smoothing may be

applied (step 812). For example, the smoothing system may identify trends in the data,
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‘1

any manner, however, according to the application of the snoothing system
the data processed, requirenents and capabilities of the snoothi g %Pyt 2808
“and/ or any other «criteria. For exanple, the initial snpothing process may
enpl oy random random wal k, noving average, sinple exponential, |inear
exponenti al, seasonal exponenti al exponenti al wei ghted noving average, or
any ot her appropfichtas byygeaparing apbrHitngt edusteddat PG WTaYHafhReints for

[ 0064] The data may be further analyzed for and/or subjected to snpot hing.
Suppl enent ary snBEEHingfarARd BECHERE 3 COBRATSPR Tept A95Rring & WhtHhsT substandally

snmoot hing of the data and/or inprove the tracking of the snpoothed data to
the raw data. Mallof glecprenedias adigsteds daip laasten camipor glaianship (ral anlesnthae
considered and, if appropriate, applied. The various phases may be

i ndependent, i nt ereatepidsit entqualge) wighsypstatialy alf of the sprgspending iR dafe dat a may
be analyzed to determ ne whether supplenentary snoothing is appropriate.
[0065] 1 nlQ0G6] pr esent Thentroenthing tsystern eof dthe ressniaprabadiment tompaice Prfskstaghet her
to performone or nore additional phases of snoothing. The data is

anal yzed accor di ngmberd: af yavagase apinisde @n eaval spmpertf smepBedfiaie PoiREt HEthe

suppl emental snoot hing nmay be applied (step 812). For exanple, the,

smoot hi ng syst envatags fctinafiths Py rashdaa points eacegd(er arg¢ gqual to) the kpxespapdiesuch
as by conparing a plurality of adjusted data points and raw data points for
precedi ng data aswoqjkadedasa peigtsa ot dinplhirave slatar RIS targ deso tnn(§r eguaktie) Hsr
substantially all of the precedi ng adjusted data share a common

rel ationship (suctrresponding smppthed dataypaints,dhent theypmoashing gystem may detgriipe that
substantially all of the corresponding raw data. [0066] The snpot hi ng
system of the pr 8walata iepthdiinentrendoang shadd be ecked metp clopglybetcemdingly, fgw dat a

points to an equal nunber of snoothed data points. |If the
occurrence may be noted and the smoothing applied to the data may be changed by

applying supplementary smoothing. If, on the other hand, neither of these criteria is
satisfied, then the current smoothed data point remains as originally calculated and
the relevant supplementary data smoothing is not applied.

[0067] In the present embodiment, the criterion for comparing the smoothed data to
the raw data is selected to identify a trend in the data behind which the smoothed data
may be lagging. Accordingly, the number of points P, may be selected according to
the desired sensitivity of the system to changing trends in the raw data.

[0068] The supplementary smoothing changes the effect of the overall smoothing
according to the data analysis. Any appropriate supplementary smoothing may be
applied to the data to more effectively smooth the data or track a trend in the data.
For example, in the present embodiment, if the data analysis indicates a trend in the
data that should be tracked more closely, then the supplementary smoothing may be
applied to reduce the degree of smoothing initially applied so that the smoothed data
more closely tracks the raw data (step 814).
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values of all of the P2 raw data points exceed (or are equal to) the
correspondi ng snoothed data points, or if all raw data points a?é N®sg005
“than (or equal to) the corresponding snoothed data points, then the
snoot hing system may determne that the data is exhibiting a trend and

shoul d be ked nor G Oke dbfi6e SRCEHEMGRES ot ed
and the s 6%? i ng appﬁﬁgggﬁﬁkﬁﬁeéggga égy be é%anged byt ﬁ%p?g?ﬁgg?tﬂ

suppl ementary s ”Q&Efahﬁgng fhE val@D ok B cBLrbHR SmbARGE daRSicMI88ingh rddf&ARe&E beer i a

is satisfied, then the current snoothed data point remains as originally
cal cul ated and EE@otﬂﬁ\gﬁi\;o  sufthHIP LRSBRIA AL Mte Pty BEBRUNG Mbrd StrddflerpRRAI ed.

[0067] In the present iment, the criterion for conparing the snoot hed

data to the raw i I Gent i :he i nd
o o The oo o it b °§rr‘g§7@%teg 5’3&‘%3‘?" 53%%%“&%?3‘? T ﬂ%&ﬂu#gg;re%ﬁ%%oi nts

P2 may be sel ect %ﬂb?ﬁ&gﬁtﬁj iaﬂghetr Qon\%\tgg)ggl]e&%gﬁrﬁ%iﬁesﬂﬁ)mﬁn | dr¥ee® is tag@ieﬁ ¥sem to

changing trends in e raw dat a. e suppl enentary snoot hi ng changes

the effect of th . L: according to the data anal ysis. Any
appropriate suppﬁgﬁéﬁpgébméﬁggyﬁhﬁghﬁ%y be applied to the data to nore

ef fectivel oth the Lagorgtragkradrend in the data. For exanple, in
t he preseA%ngﬂgodinent,g?f%¥hesﬁéfg énanyéis indicates a trend in the data

t hat shoug@o@g tracke%ﬂgaggamw.yan& %ﬂwﬁy%ess@&ke@nmwnglt_%”m@tda&ifw may

be appli reduce t gree of smoothing initially applied so that the

smoothed data mgiGhpSPI sIAAE 65m il e hBAAM) bt BOpEdAde 0ADofhcial iR/ 2005

[0069] In the present ®© I'ment, the degree snmoothing is reduced by

recal cul ating tnewvial, gl Of VaAGysGllblcfibns SR Qkdisle, 4R CatfR4 N W) BOnndeduced

degree of snoothing. Any suita snoot hi ng system may be used to nore
effectively trac%mnhmqm t@npr otherwise respond to the results of the data
analysis. In the presen enbodi nent, anot her conventi onal exponenti al

smoot hi ng (73f €SS 'S R Ldp%gmte&alryho%ta smoothing may include additional phases as well.

The additional phases of data smoothing may similarly analyze the data in some
manner to determine whether additional data smoothing should be applied. Any
number of phases and types of data smoothing may be applied or considered
according to the data analysis.

[0073] For example, in the present embodiment, the data may be analyzed and
potentially smoothed for noise control, such as using a predictive process based on
the slope of the smoothed data. The smoothing system computes a slope (step 816)
based on a selected number P3 of smoothed data points preceding the current data
point according to any appropriate process, such as line regression, N-points
centered, or the like. In the present embodiment, the data smoothing system uses a
“least squares fit through” process to establish a slope of the preceding P; smoothed

data points.
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data using a higher coefficient M: [0070] Sn=(R'-S._1)*M+S"_ [00;%]N5p§m5
coefficients ML and M2 may be sel ected according to the desired

sensitivity of the system both in the absence (ML) and the presence NO of
trends in the raw data. In various applications, for exanple, the val ue of
M may be fapgdjer tharmt Reodiding &ytém Wredicts0D vRke $hehesuuppitesiothad Yatal poit
snoot hi ng may i nclude additional phases as well. The additional phases of

dat a snoot hi ng MBSk tdthk Yal@Naby/a6pe! The ehatean fhen s@mfres R differeice bedeet m ne
whet her additional data snoothing should be applied. Any nunber of phases

and types of datayg JakpGcalbMtedvafRPlot @k BirrendBmbotREde data GREOI(SH) N@d ttke t he
data anal ysis. [0073] For exanple, in the present enbodi nent, the data may

be anal yzed and fHodiasd vald Yor SROAIREHsh&thed QatSpdiMitoraOtangs Hiefbea R Ibtey a
predi ctive process based on the slope of the snoothed data. The snpot hi ng

system conput es agi3} Ofpehe(d#frGhc8kGleatdd 328 the@ingd RS aharthe ocliteiee alBe Abted
snoot hed data pointS preceding the current data point according to any

appropriate procegg thSkRnfsindotHe® di@ PoE &I 0 adjDutRDI IMtife diererahdRrie Githiarthé he
like. In the present enbodi nent, the data snoothing systemuses a "l east

squares fit througho. @ AR ER cLHerﬁ%a&héd&iatagaoﬁhmt &fualt tB@hedigeete BEtwREn
snoot hed data pol n%s. 21 2 3 NOV 2005 (0074] The snoothing system predicts

a val ue_of the C%E'Eieiéula%mhbl&qméém@dd%iﬁatm (BF SR praditted VA foathe bhdned

sl ope. The systemthen conpares the difference between the previously

cal cul ated val ue Jn%otl'{glh'%aﬁ'"ﬂofn?"(]én. SyRRhiAEd $9tahRe initidliee Mg 88 to the

predi cted value for the current oot hed da?a point to a range nunber (R3)

(step 818). If t&}%ggie%aﬁ@é&%%uh&t%@&ﬁéﬁrdata%mzstb% $200 Ohe Bguatibien t he

occurrence may be
[0075] Sa= (Sn-pred -Sn) *My + Sn

L #

[0076] Thus, the current smoothed data point is set according to a modified
difference between the original smoothed data point and the predicted smoothed data
point, but reduced by a certain amount (when Mj is less than 1). .Applying the
predictive smoothing tends to reduce point-to-point noise sensitivity during relatively
flat (or otherwise nontrending) portions of the signal. The limited application of the
predictive smoothing process to the smoothed data points ensures that the calculated
average based on the slope does not affect the smoothed data when significant
changes are occurring in the raw data, i.e., when the raw data signal is not relatively
flat. '

[0077] After smoothing the data, the supplementary data analysis element 206 may
proceed with further analysis of the tester data. For example, the supplementary data
analysis element 206 may conduct statistical process control (SPC) calculations and
analyses on the output test data. More particularly, referring again to Figures 4A-C,
the supplemental data analysis element 206 may calculate and store desired statistics
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and the current snoothed data point is not adjusted. If the difference,i
within the range R3, then the current snoothed data point is set Zehlﬂﬁy @Qﬁ
the difference between the cal culated current snoothed data point (Se) and
the predicted value for the current snoothed data point (Sn.pred)
multiplied by a third multiplier M3 and ded to the iginal .value of the
current snoot hed ffat PpiIAE °("§‘P‘§‘ﬁm826"f'.a“?g’é B ﬁséﬁl?: 4#&0%‘1 SQUSUCS Mgy ed -
Sn) * MB + Sn [0076] ,Thus, the current snoothed ﬁ%ta gyoi nt _is scﬁt aSj’ ordi ng
to a nodified dCPPRIEHARE SHEERE UFFThIHE thy PRIFHSN o' JAD Sthedelat & st 25 t he
predi cted snoot hed data point, .but reduce %y a.ﬁ.ertain.armunt (when MB is
less than 1). AppByiendhat ey pridy St Aty AeRUMER JBTRERSs sums,

poi nt-to-point noise sensitivity during.relatively flat (or otherw se

nont rendi ng) por CPBYs CBrCRknr ally §Hhar apPeaRBate SA{IEY appl i cation of the
predictive snoothing process to the snoot hed data ints ensures_that the
cal cul at ed9978ler age bi@ed“RﬂF"’teﬁ@% Aepeanalysis eﬁ%‘ﬂer‘éfzggc{?sot ﬁ@tﬂgﬁowf%‘as dat a
when significant _changes are occurring.in the raw data, i.e., when the raw
data signal is nétgn?f@leéﬂqll’ﬁéﬂ?dYFaI’%l‘E*‘.”YfO@?‘?‘T“A‘f"E‘{Q‘ 1A HIsRsAnE RRORpliESIN  he

suppl enentary data anal ysis el ement 206 na roceed th fyrther analysis
of the tester dathe dapefor &Xamps drcording t%f?ﬁb‘?%r‘?é%f‘&flﬁcﬂﬁw ati Itegfé‘ieéulﬁlr}%rrrent

206 may conduct statistical process control, (SPC), calcul atjo and

anal yses on the 8@ gertiop @ag/oygther rséabésr isé’UF“grqaﬁ “F‘@f‘é&b'i ﬁ%eé%P‘H’eto
Figures 4A-C, the supplenental data aggj %/Si s,?\l,errent 206 B@y %al cul.ate and
store desired st ARalyss igentifios sigratuigsand appics g pveighting systemy SHtaRY HORARIFRT bYt est
and/ or section (step 430). The statistics may cogpri sg any, statistics
useful to the opdicaRsmatass baserbop @y suipble datay Bish as fah teglsdagpef ldﬂltgimté@ ¥hat
may i nclude averages, standard devi ations, mninma, naxinm, sSuns,  counts,
Cp, Cpk, or any defigets. M%W%Qr@lyglﬁ ey spinglatively identity trends and anomalies that

may correspond to problem areas or other characteristics of the wafer or the
fabrication process. Signature analysis may be conducted for any desired signatures,
such as noise peaks, waveform variations, mode shifts, and noise. In the present
embodiment, the computer 108 suitably performs the signature analysis on the output
test data for each desired test in each desired section.

[0079] In the present embodiment, a signature analysis process may be performed in
conjunction with the smoothing process. As the smoothing process analyzes the
tester data, results of the analysis indicating a trend or anomaly in the data are stored
as being indicative of a change in the data or an outlier that may be of significance to
the operator and/or test engineer. For example, if a trend is indicated by a
comparison of sets of data in the smoothing process, the occurrence of the trend may
be noted and stored. Similarly, if a data point exceeds the threshold T, in the data
smoothing process, the occurrence may be noted and stored for later analysis and/or
inclusion in the output report.
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[00781 The supplenmentary data anal ysis el enent 206 al so suitably perforns a
signature analysis to dynamcally and automatically identify trends HRY 2008
anonalies in the data, for exanple according to section, based on a

conmbi nation of test results for that section and/or other data, such as

hi stori cal a (stepgpéd LRt Res @0B! ¥ Sbsatirs @ik ssi Siganahiir es
and appl i e[g@]wei ghti rfgr g’g/aéntpgelr%ﬁefirh?%]ablé %Sonfi gurg’? tgy t)ﬁé? pﬁ%grat or, ylbased

on any suitable Ckﬁ&any SHGIRES o ?gsfe‘ﬁ%bZ)d@F ApRficilA8Btdrhdscadti A Bhol Bgfect s.
The signature analysi's may cumul atively identify trends and anonalies that

nmay correspond t OcdpePbhdp 18h fafcuMr sQEBEAnd GRARE §ifkatitd ddasiOprodebesoomierr or
the fabrication process. Signature analysis may be conducted for any

desired signat UrG&B}igégﬁppﬂg%é;ggﬁenﬁtg%ﬁvsisvmﬁfh‘ﬂ{Wtﬂ@&dta@ﬁdiﬁ?éte gegle g?bi fts,

and noise. In the , the conputer 108 suitably pertorns

L0 L2272, A e s o B B e

each desired sectl a signature

anal ysi s process gafogaﬁgg%taQJq B0 abdlyze OB Edch Bfiedlythe ifinRRRLAL Ming

process. As the snoo rocess analyzes the tester results of the

e 2 T AR SRR, et

i ndicative of a change I n or an ou

significance to éa@@gﬁﬁ%‘?f?é%"@‘?pésgeﬁﬂ éogﬁt‘%fgwpn@‘%ﬁ"a“m“f%? &,22] fypdn t rend

is indicated by a S ta’in the snoot hing pfocess, the

occurrence of the °H§’?°%gﬁ'g@é S#q}?"n%%%ﬁ)g d%Q%%QJ Efmer! IHs! REdr¥s the fe{rﬁresct%ﬁ

. (<]
poi nt exceeds t he"THY es ata °“snoot hi ng process,

occurrence may be f # Blud Glis$; aRMHyOlther WAGLHFLPN 1N
t he out put reportélqggr%gd %Q%t%gg)’[%géﬁl Four @%yrrpl Z’,a ref’le)c{ reirng to Figures
6A-B, a signature | cess 600 may initially calculate a count
(step 602) for a ’Bg}%ﬁ%%%ﬁgs@t of test data and control |imts

corr esponduii 0 3 PAofR eRfincdSH S URctPRitviif Bhia pdif sith A0BIHEEaR VMY 8

process 6
of importance identified by the supplementary analysis, each relevant data point may

be associated with a value identifying the relevant characteristics (step 444). For
example, each relevant component or data point may be associated with a series of
values, suitably expressed as a hexadecimal figure, corresponding to the results of the
supplementary analysis relating to the data point. Each value may operate as a flag
or other designator of a particular characteristic. For example, if a particular data
point has failed a particular test completely, a first flag in the corresponding
hexadecimal value may be set. If a particular data point is the beginning of a trend in
the data, another flag may be set. Another value in the hexadecimal figure may
include information relating to the trend, such as the duration of the trend in the data.
[0082] The supplementary data analysis element 206 may also be configured to
classify and correlate the data (step 446). For example, the supplementary data

analysis element 206 may utilize the information in the hexadecimal figures
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applies an appropriate signature analysis algorithmto the data peign
_(step 604). The signature analysis is performed for each desi red?sai gﬂvatzggrse
algorithm and then to each test and each section to be analyzed. Errors
identified by the signature analysis, trend results, and signature results

are also stored (sten . 808k mINELAAGERSidbRif MeBNEDs,(AlliergaeiMssh e
al gorithm (step 6%%’}@1 te?es%h t.st e%p%w) ?Oshnlglfgecti on %st e}frélzlﬁs’ u'gj;ﬁmw

conpl etion, the d i e is 20net
(ot 614) e e s, AR R e ey o

any other desired, gl ondhiblif ShAERACSHIRhENo HA08AL 1P QRertled iiddnat i ON

_01(‘j e?_cp rgl gvan'ﬁl G point, such as ou rs and other data of inportance
identifie y the_su e i.S, each relevant data i nt
et e by MRl SR AR pol it my e

444) . For | R yIng the relevant characteristics (step
' rrp e e I A] o i. t .
with a Ser[l‘@%ﬁof val E’ges ’coglallﬁg 1?8 %%%féggﬁﬁmgﬁz}laanggklg fulB¥nPepas ARCI at ed

ably e as a hexadecimal figure,

corres di to th A S REkiald
oot "ach St RS Bl e SuptL R SEDRIATL ARRLYSNS akBig e 0 Lhe

data point. _ erate or other designator o

particul ar character thgglt Sutlidr? lr(set%?))e< ?’%}g’:)).l :Ar%a?){’zisn? e%?lééél@dhlaﬂamta@cor&% % eas

failed a parti cul 4 conp I'n the correspondi ng

hexadeci mal val ue {(Ta%éq nggogﬁ%i s&i{abﬁl Ridhiles YhPbusteka ROk E%rticﬁ]af‘ Aok %ni ng

of atrend in tHE& her ag nay be set. Another value in the

he-durat i on of  CREPPERE Hif Tre Bt Se ot SETR L Rl b Aot 2

the duration of t a e suppl enentary data

anal ysis el enent 20 also b i . i late th
dara (step 440). EOPEERRRERe ALy Bk RirEyl fha EpAT ARG AREE S 21T D06

may utiliz e inforgation,in fhe i f . :
Zﬁ 3 ogi ﬁt ed“agé‘{i[] the d % sbpc?}emeggafyodﬁqagg%%?% yé']‘%!.{!{eé]t ? gﬁ]ﬁ? é’é;ém%l}? Iaiwgr!gl?aggrs ends,
206 al Sgr SUi ,? gblu;rggnnlern to Bgsig%gtteaoml?;}?se," SSHPR! SYERNPhENsof AbAeRBRY Waluss Ghesrent

according to treatment of the data in the data smoothing process. For example, an
outlier identification element according to various aspects of the present invention
initially automatically calibrates its sensitivity to outliers based on selected statistical
relationships for each relevant datum (step 434). Some of these statistical
relationships are then compared to a threshold or other reference point, such as the
data mode, mean, or median, or combinations thereof, to define relative outlier
threshold limits. In the present embodiment, the statistical relationships are scaled,
for example by one, two, three, and six standard deviations of the data, to define the
different outlier amplitudes (step 436). The output test data may then be compared to
the outlier threshold limits to identify and classify the output test data as outliers
(step 438).

[0085] The supplementary data analysis element 206 stores the resulting statistics
and outliers in memory and identifiers, such as the x-y wafer map coordinates,
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applies conventional correlation techniques to the data, for exanp)@ KOV 2005
identify potentially redundant or related tests. [0083] The conputer 108
“may perform additional analysis functions upon the generated statistics
and the output test data, such as autonatically i dentifying and

RT3 AR Sk N PRSORR GT A, SRBJERRRATS

tre A P 18 e outliers. a particul ar
t f. dat
Snarvs! o el ement S3BESHayDrcr R, ed s ia? ufint el SR, STROLE %ﬁﬁ"’%‘anm ysis
d | ect di ff t al th 1 0841 Th I
ol eront 206 may SEERaIGRERER) S bpereey (el s AR Y %@%ﬁ*ﬁ B Suen

as by conparison to selected val ues arld/or according to treatnment of the
data in the data gﬁggﬁﬁﬁﬁa process. For exanple an outlier identification

Ut omat | cAT 4P cals br oo HEeReRarHTvey i SUBTTT aPs Ok Sl bty ¥

These statl st camoMies SrRRHRAFPE SR ﬁﬁﬁaﬁgﬁgﬁf‘gaﬁtk B EReR A SR iRt her
{e E%E:ejlgi: i: 50'?%65 gtéifgﬁf?zw“?g?? i @F%D%"ﬁF%Fﬁsﬁq%Sﬁ?ﬁ%ﬁqe e ?‘ﬁ“‘? i °8*%eés§ﬁ%8' o
two, three, and &fS" T%Wdlger?i‘(qfégftlaq%{]oﬁ.bg 'ft??rﬁéassd a?o"' flemﬁlnetfz (oA n?‘ﬁfe one

different outl t .ep. 4 t
Compar ed 1o 1 he AP, SR AARPATE Rie YHIFY fﬁ#‘lﬁéﬁaa&w i bR

out put test data ge %gFllers (step 438). [00851 The supplenentary data
anal ysis el ement 2 B"8%ores the resulting statistics and outliers in

2005 4seod?Ea wi t ' ey EEHIRYh e e Sori BT PrecP@eted RS i&hect e
statistics, uses various statistical relationships for dynamically scaling outlier sensitivity and
smoothing coefficients for noise filtering sensitivity. The scaling coefficients are
suitably calculated by the scaling element and used to modify selected outlier
sensitivity values and smoothing coefficients. Any appropriate criteria, such as

suitable statistical relationships, may be used for scaling. For example, a sample

statistical relationship for outlier sensitivity scaling is defined as:

[0088] (J L+ NaturalLog,,,’ )

[0089] Another sample statistical relationship for outlier sensitivity and smoothing

coefficient scaling is defined as:

(0090] (‘ﬁ + NaturalLoge,’ |* Cpm
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outliers, and/or failures may al so trigger notification events, S%QPNQ@ 2005
sending an electronic nessage to an operator, triggering a |ight “tower,
stopping the tester 102, or notifying a server. [0086] In the present
enbodi ment, the suppl enentary data anal ysis. el,enent 20 ek aling
el enent 21008Hd an out IANStheEf ?Ff%ﬁt"f‘%ﬁ@‘%ﬁ%‘ﬁ“ feﬁ‘f %Sﬂ?étgﬁﬁiégoéﬁ@%ent
210 is configured to _dynam cal | X tsc | e sel ected coefficients and ot her

val ues accor di ng efficisat iﬁﬁlﬂ’t&}ﬁ tlust 3Hata. The outlier classification

el ement 212 is configured ,to identify and/or classify the various outliers
in the data according to sét eGpidd AlegOE L B m JiOR8AdDdVRdtRaparticul arly,
the scaling el enent of theMw-e&ﬁr)t’ enbodi nent suitably uses various
statistical relationships for dynamcally scaling outlier sensitivity and
smoot hi ng Gaeffi ci ent's £ eimMois@Rstichl feRitioRghips efdiihinviltiple algveitimesafor Bgoothing
coefficients aJe suitably cal cul ated by the scaling el enment and used to
modi fy sel ected oyt ljflent 88Maitd Vity val ues and snoothing coefficients. Any
appropriate criteria, such as suitable statistical relationships, nay be
used for scaling. For exapple, a sanple statistical relationghip for
outlier sensitivity scalifglDs whete sietdagam Stapderd|PeyIRFPT 2R HaT a&j’ekf&f“[oosg]
Anot her sanple statisticaF relationship for outlier sensitivity and

snoot hing coefficient scaling is defined as: [0090] ( F I+ NaturallLogC'2) *
Com 26 2 3 NOV 2005 (0091] Another sanple statistical relationship for

outlier sensitivity and snoothin coefficient ,scali is defined.as: .
2ok) wher o [2083] dat ST GADRG: SERERE e yused dn' Fuflfld UEShdR: o

smoothing coefficient scaling is:

. ,
_o;z_* 10 , where o = datum Standard Deviation and g = datum Mean

U

[0094] The outlier classification element is suitably configured to identify and/or
classify components 106, output test data, and analysis rgsults according to any

suitable algorithm and the outliers in the output test data. The outlier classification
element may also identify and cla;ssify selected outliers and components 106
according to the output test results and the information generated by the
supplementary analysis element 206. For example, the outlier classification element
is suitably configured to classify the components 106 into critical/marginal/good part
categories, for example in conjunction with user-defined criteria; user-defined
good/bad spatial patterns recognitioh; classification of pertinent data for tester data
compression; test setup in-situ sensftiviry qualifications and analyses; tester yield

leveling analyses; dynamic wafer map and/or test strip mapping for part dispositions

and dynamic retest; or test program optimization analyses. The outlier classification
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[0092] A sanple statistical relationship used in multiple algorithms for
snoothing coefficient scaling is: E* 10 , where a = datum Standa?d NOV 2008
"Deviation and u = datum Mean 1d [0093] Another sanple statistical
relationship used in nmultiple algorithns for snoothing coefficient scaling

S aal o o el Rt AL AN A diRY A QvfiphsPC Bt Aon &1

(0094] The outlié&r I on e enent |s suitably conftigure

dentify and/or  Glagshi6 ATRAPRR:S: 0. o oM Rilc] B laglal 2. and anal ysi s
|

results according to any su ble a gorlt e outliers in the output

test dataop out!! Cimelafald sﬁﬁéahemelerﬁérﬁg@%tonymm o bHE ULihd ¥ sétfha

cIaSS|fy ed outliers and conponents accor ing tot out put test

e o s o s BE TR0 AP IREL LA Ront REnSHOD TP RRHaRN B HloRidh! oot

206. For exanpl e, I'er classification e enen I's 'sui't

configured to cl aSZl}?Fc)l}( h%e F2dRO ch?éngeot%% H:ﬂg Qccgtrddgftgﬂle g@&s%f%'Jggﬁ%ﬁj part

cat egorl es, for conj unc I on w CI’I ter

user-defined goqd fgds[eSP aeh?r ce&tfﬁc% s ¢ e%%ﬂpnfo;'&ﬂn?lgl @ﬁ&uﬁescaﬁf,e% t9f

pertinent data fo a sSion rtu sensrtivity

qual i fi cations and. SOAEMESHindt ggttd%{a tx%ﬁé&%d el @gchaa@@gmgsec%m g el er

map and/or test sP?P““Wa It ans nam’ c es

test program optimi at I E[)?C %6@ sn¥|§t§t§ Sth;r B' saﬂy& ét}m%‘rird%le%i%ng Iﬁgﬁxtef tﬂ{% @Zg fuch NO‘/

2005 el enment may 8? n acc W th conventio C contro

I h Ve El , h
Gat e [0095] The BHE dgtsrm gy eF PosBon ThS APl B or bUFR B AR h ]

dat a us! ng a sel g‘%\%? armsnz?}%hze an)(': ida ntsﬁefdlo% e}san An'yru,st re%gjdfégg é”FdaRl% J@&lﬂ@é@s Any

appropriate clas

and relative noise.

[0096] The outlier classification element analyzes and correlates the normalized
outliers and/or the raw data points based on user-defined rules. Sample user-
selectable methods for the purpose of part and pattern classification based on
identified outliers are as follows:

[0097] Cumulative Amplitude, Cumulative Count Method:

2
3 * aOvemllOuilerCounl ) J

(Max OverallOutlicrCount ManVcruIIOudlerCaunl )

Count ,ur = Hoveratoutiercomn (

3 (a'o-u' Norssaiicod thdoar wu..) ]
)

Normalized OutlierAmp litude yyy = Ut pormarmitie smpimate + [(Max s - Min

[0098] Classification Rules:

Parteypey = True, If| [(Part‘._,_,‘_ ot o > COUN e )AND(ParI‘.__m, Aomaatid Otoramreis > NOrmalizedOuilierAmplitude,, )]

Partywemmstupampivas = 1748 (Par(r v Nurmalizod OuiiceAmiuce. > IYOrmalizedOutlierAmplitude,,,,» )]

Part i Highcoun = TTHE, If (P A ComtutiveOutlierCount > C"""’umr)
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met hods may be used to characterize the data according to the neeg§ fdv 0.
operator. The present outlier classification elenment, for exanpleé,
‘tlassifies outliers by conparing the output test data to sel ected

t hreshol ds, such as val ues corresponding to one, two, three, and six
statistic scal ed standard, devi atd ons, f t hr eshol . as the
dat a rrean,albti?ébe, and/ §Pmﬂ’g§Y"a‘h’.”&‘Fﬁ°§e %qa%r%%’ic%%@aat%iv%go%?E%ul??%bggg&l'n this
manner tends to normalize any idenjified optliers fqr any.test regardless
of datum anplitud and rel ative noj se. [®®®8]..Jhe.outlier |classification
el ement anal yzes # .e0r T Hoatoasmth (Im@,&rral ized —gpgiliers and/or the raw
data poi nts based on user-defined rul es®“84fjyt’'e us@r*&@rect abl e met hods
for the purpose of part and pattern classification based on, identified
outliers are "2§9%%¢| ows: [0097] Cumul at{ve AP, e T At | Ve Colint

Met hod: Count Loy dpduueherelifias 3 * | ovemwmoud, er Cour,
(MaxOvera/ | Qudl er Count - 1YL tnOverutl pudl éFEsUMY™ 3 GO ™0 dn+. w.
upw Nornmalized DutlierAnmplitude,,,,,, + [0098] dassification Rules:

Part. ..

=True, I j[(Part", Q. ,. @i, .e.>Count ,, , JAND(PAr L, ,, . "" @, srssrrery~
>Nor ni al i 2[5%1 | erAn?!ﬁs?‘ﬂ‘faB%‘?/\#‘f‘]?gf] Part MAAG NALI agAA. paudi = True,
[T ~Partce. ~a o > =|\P4f¢{e{m%’l zedQut | 'goﬂf'ﬁ‘”pltb/lﬁog%’ ool ) > >arar ;izaan[ulIierAmplitu?ew@él

MARGH NAL: Hi yhCEEfremees pfumeoPay T EWIpt TV gt Gtk
Z 3 NOV 2005 10099]

Part e ingurpince = 1706, If l(Part, oo o > Normalized OutlierdAmplitude, )J

Part pomassigpcom = True, If l(P art > Coumumrl )J

Cumlutive Owilier Count 1

[00101] N-points Method:

[00102] The actual numbers and logic rules used in the following examples can be
customized by the end user per scenario (test program, test node, tester, prober,
handler, test setup, etc.). o in these examples = o relative to datum mean, mode,
and/or median based on datum standard deviation scaled by key statistical
relationships.

Partegncy, = True, If [(Partcounnes + Partcounrsa )2 2)OR((Partcounnas + Partcounris) 2 6)]
Parteynca, = True, I [(Partcounrea + Partcomrss )2 WAND((Parteoyura, + Par tcounmia )2 3)]
Partyema = True, if [(Partcounres + Partcounnss + Partcouras + Par tcounrie) 2 3)]
Partygsy = True, if [(Partcoynms, + Partcounrss + Partcounra, +Par teounrie )2 1))

[00103) The supplementary data analysis element 206 may be configured to perform
additional analysis of the output test data and the information generated by the

supplementary data analysis element 206. For example, the supplementary data
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Cumul ative Anplitude Squared, Curul ative Count Squared Method: Count LI MY -
- ~Ow, ui Qudk, Co,nr= * ) 3 Overoll Qudl er Counl = Max OverallOudl er Cpgnney -2005
MLnOvenr || Qudl e, Counr= (Q ') Normalized 3* LIAIlIr = ft
Osr.lINarnwuriNludl .rAnyrlin,h (Max MIl MWrf~ dlvr~ Mn,~ J [00100]

Cassification R%ﬁgsxs’\%’ J'nlfc 206 may rdentlfYTersH@xavmé Li(gﬁ)@x{ctidenaes of Tarllure or odtliers,

Counl?J’> " AND~Par I zed "QutlierAnplitude~, )] Part "uRC1NAl: MgM
L4 = Trite, ! , ed
oudier A mpl i tu deEJ‘k]h B?Et}rﬁ a'rm% tl@%t‘c’:\frora%r?\zﬁe nuﬁﬁ!srncfrﬁm&ré}h Sel:tﬁ"elr?? °[P?&2§% inzé .

Count , )j wIm +ﬁ|1ar.cgss1ﬁ an%%%&k@@tﬂﬂhom'ﬁmegts Met hod: [00102] The

actual nunbers a ogi C ru es used 1n the foll ow ng exanpl es can be

cust om Zeﬂ%&léﬂt he end s rém?@e(%q{ hx‘?aly(s‘ise Emg{t%%?r‘g% ggitbg?ggg%méde&ter,

pr ober, ndl'er, tes V I'n these exa ative to

e L i e (T e
True, 11 [((Phri &8 OR&%PE‘ bR T R PR sty b TN EROARR =
S 59 ol e L ok ACSBEILR So i
[((ParlCouNr.6 and E ?[e‘a?eo&ta%’rom difRFn SN idéhtify frﬁlrctlﬁgmen@l critibal dnd/or
marginal and/or good parts on the wafer. The supplementary data analysis element
206 may also analyze and correlate data from different tests to identify user-defined
good part patterns and/or bad part patterns on a series of wafers for the purposes of
dynamic test time reduction.

[00105] The supplementary data analysis element 206 is also suitably configured to
analyze and correlate data from different tests to identify user-defined pertinent raw
data for the purposes of dynamically compressing the test data into memory. The
supplementary data analysis element may also analyze and correlate statistical
anomalies and test data results for test node in-situ setup qualification and sensitivity
analysis. Further, the supplementary data analysis element may contribute to test
node yield leveling analysis, for example by identifying whether a particular test
node may be improperly calibrated or otherwise producing inappropriate results. The
supplementary data analysis element may moreover analyze and correlate the data for
the purposes of test program optimization including, but not limited to, automatic
identification of redundant tests using correlated results and outlier analysis and
providing additional data for use in analysis. The supplementary data analysis
element is also suitably configured to identify critical tests, for example by
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[ 00103] The suppl enentary data anal ysis el enent 206 may be config%agq“%pzmm
_perform additional analysis of the output test data and the infor

generated by the supplenentary data anal ysis el enent 206. For exanple, the .
suppl ementary data 29 2 3 NOV 2005 anal ysis elenent 206 may identify tests

having hi gh inci qgng ngoiegm ly lﬁhﬁd%&am&{ FBIES testsS UGR (A Y 2rRBPRVENRI] he
total or average nu ures out | |ers or outliers in a partlcul ar

classification t EteQE e MiEnd dVeBS3RIcKkval ues. [00104] The suppl ementary
data anal ysi s elgﬁgﬁtEZO% nﬁyE% Sgﬁbecgbnflgured to correlate data from

di fferent [E)@I%%F to ideqyt 'stly léﬁmalrf"rdatgrangl'y§§'rmyl Ao tpr@NHESidehtAlcahadPlest by
conparing ‘cumul ative counts outliers, and/or correlating outliers between

wafers or other drelJ Rk e R Bil¢S bSinSIHRINEMIA06 MRy
al so anal yze ég%gﬁpﬁﬁgﬁgmdgggﬁ ?%#?gﬁpégge% tegts €o idgntifyl%ﬁh

classify potentl 3l & %\‘e? dgthe@n%grsu m&ta%alda@m%@&s %%ma& 3158 bré i

waf er. The suppl dhen ary data anal y I's el enent may al so anal yze and

correlate data fry %?tlﬂkaftxog ?{ﬂ% bbf Bddr £ Q séqgg&te'bgéé%i léﬁ%?rréiﬁfo'nﬂ&ﬂmq&goﬂc}p?sr t

1
patterns and/or b erns on a series o ers tor the purposes of

dynam c test ti on?e(im r{all %Ptrel[xt@oqlgﬁmcg f" &Wegr@ﬂﬂ Eb'hMyQ@taﬁ'd Qgﬁél%{tﬁnsof

el ement 206 is al€d su anal yze and correlate data from

different tests tg,| ﬁ?cp&.\t idfs &&ﬁ#&o%%tgtﬂﬁﬁca@%&%ﬂ@mu&wof@%p@s, eRfcal s,

pur poses of dynanica ressing the test data Into menory

suppl enentary datlg %L&% s% SRk ARYorfi k2 Rte@NFth TRt A est.

Qss
statistical anoma es an eétp%at a resu'? or test node in-situ setup

~qualifi caédogmﬂnd sen%g P%F’L"Y'}e“éwa){asé“%ys‘g Cfggqgo,qrgh@e SR RN raYicdat a

anal ysi s nay con test yield [eveling analysis, for

exarrpl e by identif sé prog&d araht |0%Hhéar esdnsitili &debamtegelﬁ P gb@&rl y

cal i brated or otH'g uci hg |nappropr| te res The suppl enentary

data analysis el ecrégpgurm it %Qﬁl%enm%%zﬁaﬁggvﬁgrcﬁéﬁbﬁ&cﬁdctlﬂﬁﬁ%t)ﬁ- viRte

packaging and/or shipping the part that may represent a reliability risk, and/or test
time reduction through dynamic probe mapping of bad and good parts during wafer
probe. Identification of these parts may be represented and output in any appropriate
manner, for example as good and bad parts on a dynamically generated prober
control map (for dynamic mapping), a wafer map used for offline inking equipment,
a test strip map for strip testing at final test, a results file, and/or a database results
table.

[00108] Supplemental data analysis at the cell controller level tends to increase quality
control at the probe, and thus final test yields. In addition, quality issues may be
identified at product run time, not later. Furthermore, the supplemental data analysis
and signature analysis tends to improve the quality of data provided to the
downstream and offline analysis tools, as well as test engineers or other personnel, by

identifying outliers. For example, the computer 108 may include information on the
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the purposes of test programoptim zation including, but not éisqghp
automatic identification of redundant tests using correl at ed re t 2@5

“outlier analysis and providing additional data for use in analysis. The
suppl ementary data analysis el enment is also suitably configured to

identify critical, Fe%{“?m ,@)&%&lpeoflwmg&aezts?nawngslg.aa&(x}@analﬁbemuifcytidgga

regularly failed or | ed tests, tests that are al nost never-fail,

and/ or tests exhihit Mgdga %EMmlm%)ﬁﬂ’ Gk Mthﬁgngesmk@yﬁm@an igkatigy
O provide ntiTic

anal ysis may als ation of test sanpling candi dates, such
as tests that arg ﬁ%ﬁtfa‘ﬁ %e@étu@?‘&fs tﬁa@WEﬁQn@tec'téa WAL eBnveRidra BiE St analyfs@. never
detected. The su enentary ta anal ysis el enent nay al so provide
identific i ﬂ of theghesh. order test sequence based on correlation

Suc

t echni ques, h as ventional correlation techniques, conbined with
anal ysi s or r e' at 16 hnQithl, bEEeti@RdIM: Rl BA arShRttioadd cal
anomal i esﬁﬂﬂu ?gﬁ&l—n&% now%&ﬁ%{l{eég'l nt es%s Ilongestr/shlortes% tests, or

basi ¢ functi onal I Ply kv%ﬁye%n 6}§|§Q&'ﬁ?t B %fé’gérs'l ite@*s iy o OfesiBE cbRgdnents GO IRE71 The

suppl enent ary dafa %analysi's na vide i1 dentification of critical,

mar gi nal , and gO? mlgégdﬁ,i?toﬁ%gggl #a?lggac%és SRRl ot E%n‘lﬁ’d’ QRS BhcSed depasii®ci pe

configuration fi ntification may provid

di sposi tion/cl asgg Fna&gg &Qregﬂeg{(& t @@?i’é@g'ﬂg ré’sﬁ@yneé of é/Hﬁhf&glaF %ﬂbﬁér{t t hat

may represent a r res or test time reduction through

dynami c probe ”HEQ#%Q = %Q v &Q%n@@}rﬁrﬁltsdw tHeGeViaf Bdr ex@mPREthe target

| dentification o Bart s may be represented and output I n any

appropriate  mnpgla. foLe £ mkfreQEESQQQﬁqoﬁm :P@%e%b@@ +AN 0%, NARTeGA ¥
yna

generated prober "con c mapping), a wafer map used for

of fIine inking egﬂ}tg%?er the ?esﬁﬁ@éetsﬁ hbf oFBR r%s%'iorﬂpgir&cﬁ &t Hcﬂﬁbt]%ice@d i

test, a results ase resu

cs]ﬂglpl f:)r/rent al dat %o%a{f‘d%ﬁ"bﬁtlﬁ\trﬁg@%f §6d angqnb(ﬁ?t#@fre hpvel t ends to increase

[00111) Components on the wafer may include defects, for example due to a
contaminant or imperfection in the fabrication process. The defect may increase the
resistance of resistors located near the low-resistivity edge of the wafer to 1080<.
The resistance is well over the 1000Q expected for a device near the middle of the
wafer, but is still well within the normal distribution range.

[00112] Referring to Figures 12A-B, the raw test data for each component may be
plotted. The test data exhibit considerable variation, due in part to the varying
resistivity among components on the wafer as the prober indexes across rows or
columns of devices. The devices affected by the defect are not easily identifiable
based on visual examination of the test data or comparison to the test limits.

[00113] When the test data is processed according to various aspects of the present
invention, the devices affected by the defect may be associated with outliers in the
test data. The smoothed test data is largely confined to a certain range of values.
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control at the probe, and thus final test yields. In addition, q&ﬁ%i V
~issues may be identified at product run tine, not |ater. Furthe r@ 95
suppl emrental data analysis and signature analysis tends to inprove the

quality of data provided to the downstream and offline analysis tools, as

wel | as test engi : ol byl ' :
exanpl e, the co_?rpTﬁ? g@f%@“%@%ﬁc L%g@?ﬁ#o&e%f llsgﬂﬁlg%]ﬁ% Héetpgoqugé%}%@"%gg
vafer map identi LybBhefhs O RUB:RlolC AHPOREEhSY BAY M SbORR! WG @OIoHS T

indicating a fau he nan turing process. sl gnat ure

indet oct ed usi ng Rie ST v Ry ke JEUER WGP U SATE! THEBR
undet e ng "¢ . . |
posit1 onad on o cPariRfof derfft Fe (el ST ARG hPI0uEK, BB e o

components in t e, el sPRIUGLAL AP SETe Ml i AELORRnARaT er . ot

_?)ﬁgmr:)legi g?e to ng)eaan :POiSI : on ertal or treatnen the wafer.

control 1A of ¢ nertoupit e COTRARER b cBRIR By 1 OF bl e

bt er - the ool PR MR ep SBpudret iR epepik dadthth fRlr RSP od (1°
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vari ation, due i gnaq}gsrist' to the varying
[00115] In the present embodiment, the output element 208 suitably provides a
selection of data from the output test data specified by the operator as well as
supplemental data at product run time via the dynamic datalog. Referring to Figure
7, the output element 208 initially reads a sampling range from the database 114 (step
702). The sampling range identifies predetermined information to be included in the
output report. In the present embodiment, the sampling range identifies components
106 on the wafer selected by the operator for review. The predetermined components
may be selected according to any criteria, such as data for various circumferential
zones, radial zones, random components, or individual stepper fields. The sampling
range comprises a set of x-y coordinates corresponding to the positions of the

predetermined components on the wafer or an identified portion of the available

components in a batch,
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resistivity anmong conponents on the wafer as the prober indexes gc
,or colums of devices. The devices affected by the defect are n&éﬁgl é[&/vs
identifiable based on visual exam nation of the test data or conparison to
the test limts. [00113] Wien the test data is processed according to

vari ous aj&ggkﬁ Of ! NEnOIEREN biembi VAR hBalsh e ARYERS 8TihddeCHdialdRe

def ect ma associ ated W utliers I'nt test data. The snpot hed test

data is largely cqailned o ugR! bl dnd Ap@Fnalon! dhiteRed 32 dertindo, 2005 The

dat a associ at ed W ects’, however, 1s unli ke the data for "t he

surrounding conponent s Accordingl v, Lhe ismnofhed;dataok ks teat efr Ghe
{ghinct o8 § Joz (2704

?ﬁpa(rjt?retfr_(lj_wtﬁgpp_ I socfrated wth the ‘surroun es w t hout
e defect. e autlier, .c ifi i - j i : i
the out i ers nccaPHHER 8 RER rilze Ahonc R o ep iRy R b hePict 337 Y
ata fromthe surroundi,ng dat 1
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dest nat {on. Any wB@mbaf%&EFFgémg B iraBR LRI (D6 P olffur AeiEh aies e
el ectronic form .
subtseqtjenjt i’ing! J%?%Yes%ﬂg‘?‘%{;ﬁﬁ?ﬂ{é’s;ﬁ’gnf d %éwn%ééy%art%gﬁé&acﬁgﬁ osrgﬁag?:?{g
content, including selecte t t ta . f
resul s of he sdﬁepfw%ﬁ}ea?v G} BivglsSbmel 0! KTl kPR B lEedRY
enmbodi nent , e output e errefr{ _08 s%it IS\{ 3 ides a selection of data
from t he out put t°8g‘BmaE§ta§a’é?)eé? qzwglalcbataﬁgé %’D{ jzgt | |
suppl erent gl St o HoeL, 14l Y feh U NPBEE 119 et 19, 1o

, | ia rea
dat abase 114 (steg 7025 'Eh sangl in ranye &'dea&? Egn%if%qﬁ& %E%?H&;Om t he
information to bd R"H‘c(fﬁﬁ &P); ﬁhf & “BB?BEJP‘C?%’E)OH“_ Iah ‘t‘?{’ea Dreaant Taner
embodi ment, the Slgml ]IJI‘Q ntrgm%gin{egt? melJub%?re%gmﬁ[l%{}tiﬁcludes the dynamic datalog

having a wafer map indicating the selected components on the wafer and their
classification. Further, the output element 208 may superimpose wafer map data
corresponding to outliers on the wafer map of the preselected components.
Additionally, the output element may include only the outliers from the wafer map or
batch as the sampled output. The output report may also include a series of graphical
representations of the data to highlight the occurrence of outliers and correlations in
the data. The output report may further include recommendations and supporting
data for the recommendations. For example, if two tests appear to generate identical
sets of failures and/or outliers, the output report may include a suggestion that the
tests are redundant and recommend that one of the tests be omitted from the test
program. The recommendation may include a graphical representation of the data

showing the identical results of the tests.
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106 on the wafer selected by the operator for review The predeterm ned
_conponents nmay be sel ected according to any criteria, such as da? 4 NO 2005
various circunferential zones, radial zones, random components, or

i ndi vi dual stepper fields. The sanpling range conprises a set of Xx-y

coordi nates corresponding to the positions,of.the §gr determ Eed conponent s
on the waflH18k an i dEbg PPPEITRYE MY PectoYifd in 2y spipble MaBAgofENTaMPl 4
batch. 33 2 3 NOV 2005 [00116] The output el enen al so be

P t 208 may
configured to i nOrEHE!R;oeH Terksikon. SETtP 2 Ve aTtWé"‘Bh?f{T%e"rl%‘f“’ 8F 2%t g
informati on generated or identjfied by the qsnggcgl erreg{qar dat a anal ){)si S
el ement, in the dpRfapRate menagrdgter JBp Hoaye e Henty f‘i"éﬂ"r‘éai?mt Fray “be
identifiers, such as x-y coordinates, for each of the outliers are
assenbl ed as wel [Provided oEfgine snotthadhe etrut Heesdiob pifch the capratiansf thopshetit s and
the outliers are nerged into the dynam c datal og (step 706). The out put
el ement 208 r et feesfrrdo the|meain saver-ninghisaenfighation s caurrie! 8 aapicedate flsta and
one or nore data from the supplenentary data anal ysis el enent 206, for
each entry in theeremmyelic anglysis awd gereretes A5sply foF eXamplgJorafseonsEtian & (st ep
708). [00117] The retrieved information is then suitably stored in an
appropri ate out piyerifiqappoPurpqset ep 710). The report may be prepared in any
appropriate format or manner. In the present enbodinment, the output report
sui tably ilfHi8des t heTespagiaular deplemeirtionsshp e and deat®ed Rupnicrdl el ¥ePlt he
sel ected conponents on the wafer and their classification, Further, the
out put el ement 20%% inrsptien prek itshseirodgand aremgpiniaded to ogrruEsHlimi thsgoers of
outliers on the wafer map of the presel ected conponents. Additionally, the
out put el ement male RrefeRtiBNenEen ip ankay Jnderd fer the ske ohireviRf emventignad signddat ch
as the sanpl ed output, The output report may also include a series of
graphi cal  repr ePEsesiinEoAata Jranimgsionapad e fystionghesrerts o cihe sygsnse (41

outliers and correlations in .
components of the individual operating components of the systems) may not be

described in detail herein. Furthermore, the connecting lines shown in the various
figures contained herein are intended to represent exemplary functional relationships
and/or physical couplings between the various elements. Many alternative or
additional functional relationships or physical connections may be present in a
practical test system. The present invention has been described above with reference
to a preferred embodiment. However, changes and modifications may be made to the
preferred embodiment without departing from the scope of the present invention.
[00120] The present invention has been described with reference to a preferred
embodiment. Changes and modifications may be made, however, without departing
from the scope of the present invention. These and other changes or modifications
are intended to be included within the scope of the present invention, as expressed in

the following claims.
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the data. The output report may further include recommendations g%dN
~supporting data for the recommendati ons. For exanple, if two teSt's Qﬁ&@ﬁr
to generate identical sets of failures and/or outliers, the output report
may include a suggestion that the tests are redundant and recommend t hat
one of the tests be omtted fromthe test program The recommendati on may
i nclude a graphical representation of the data show ng the identical
results of the tests. 34 2 3 NOV 2005 [00118] The output report nay be
provi ded i n GIAIMYIi t abl e manner, for exanple output to a | ocal

wor kstation, sent to a server, activation of an alarm or any other
appropriate manner (step 712). In one enbodi nent, the output report may be
provi ded off-1ine such that the output does not affect the operation of the
system or tyr angfiakste@, Edigphi@hg server. In this configuration, the conputer
108 copies data files, perfornms the analysis, and generates results, for

exanpl e for é{Pﬂkﬁo FahicQNo Rist a ¥&thbdreaPdrdnBiatdeqeita; 01191 The particul ar
i npl enent atiaggs S ttl)lv\% aen 0dessaclzri b%d heréidoénb are illustrative of the

Es g\éggt icn9 l ?%Coﬁpélé%%?’h‘?e%% A Pqﬂedtegtreﬁ%l@;éovr\glgﬁr%l@ qﬁ ﬂacgi‘% ?ﬁé‘t@ﬁt"&aﬁa? idkeianT% ad he

ionin ndeed, for the sake o

brevity, conventional signal rocessin dat a transm ssi . er
functional =8ykasis thertestidataggad Equra(%%otgggﬁﬁ%%wg@@g@ tﬁ% E&ﬂﬁg%&é@g‘?
operating conponents of the systens) may not be described in detai
herein. Furthernore, the connecting lines show in the various figures
contai ned herein are intended to represent exenplary functional

rel ati onshi ps A@@dgg@fenpmsi&@ toadaipl 1, vgerdie theeemputes ivennifiguseddp eperatesn Many
alternative or additional functional relationships or physical connections

may be prese&Hn%dﬂ&ti@n“Hﬂh]?a%iéﬁdonﬁgﬁﬁati&{a&tam a Idgpepfilesent i nvention has been

descri bed above with reference to a preferred enbodi nent. However, changes

and nodi IOI cations may be made to the

3. A test system according to claim 1, wherein the test data corresponds to a section

group of components on a wafer.

4. A test system according to claim 1, wherein the computer is configured to

15 automatically calibrate a sensitivity of the computer to the test data.

5. A test system according to claim 1, wherein the computer further comprises a data

correlation element configured to correlate the test data.

20 6. A test system according to claim 1, wherein the computer is configured to identify the

outlier at run time.

7. A test system according to claim 1, wherein the computer further comprises a data

smoothing element configured to receive the test data and smooth the test data, and
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preferred enbodi nent wi thout departing fromthe scope of the present
_invention. [001201 The present invention has been described with 26X NP6 805
to a preferred enbodinment. Changes and nodifications nay be nade, however,
wi t hout departing fromthe scope of the present invention. These and ot her
changes or nodifications are intended to be included within the scope of
the present invention, as expressed in the followng clains. 352 3 NO V

2005 CLAIMS 1. A i sing: fi d .
conponent arfdeRin %}%@%@33&5&1&5&%3 Ir%’%&'egh%%ﬁ%(gﬁe‘t%%r#@g}u : 19%)18{64 gﬁé{ e 2t er

and configured to receive the test data, identify an outlier in the test
data, and gentieairethasmoothedtestdgart including the identified outlier. 2. A
test systemaccording to claim1, wherein the conputer is configured to
operate in conjunction with a set of configuration data in a recipe file.
10 3. Atest systemaccording to claim1, wherein the test data corresponds

to a sectiorg o §iiPaPflySONRRALRE SeitoAduEdrast ddta, AnimBingy sdmpotacsysted,ng t o
claim1l1, whereln the conputer is configured to 15 automatically calibrate

a sensitiyvi t\%{&]e?éin&ﬁée%q%@@%ts ErefnQs &ﬁigﬁxﬂs&to bie:>- A test systemaccording

to claimli, erein uter turther conprises a data correlation

el ement configured to correlate the test .d . : stem
accor di ng t ¢ TPRiCHeRtar @?épﬂyilﬁgle%ﬂ&ﬁ?fl 1gf}}ie§ t%%fl ﬁ%’u@gg&? E)nt?ﬁ entify the
outlier at run time. 7. A test systemaccording to claim1l, wherein the
conput er f ursemigonduetpr tesledata; aBdt a  snoot hi ng el ement configured to receive
the test data and snooth the test data, and ) .

an output element configured to generate an output report including the identified

outliers.
10
9. A data analysis system according to claim 8, wherein the supplementary data analysis

element is configured to operate in conjunction with a set of configuration data ina

recipe file.

15 10. A data analysis system according to claim 8, wherein the test data corresponds to a

section group of components on a wafer.

11. A data analysis system according to claim 8, wherein the supplementary data
analysis element is configured to automatically calibrate a sensitivity of the outlier

20 identification element to the test data.

12. A data analysis system according to claim 8, wherein the supplementary data

analysis element includes a data correlation element configured to correlate the test

data.
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36 2 3 NOV 2005 wherein the conputer is configured to receive the snoot hed
test data and identify the outlier in the snoothed test data. 8. A3drdva 2005
anal ysis system for sem conductor test data, conprising a conputer system
5 wherein the conputer systemis configured to operate: a supplenentary
data anal ysis elenment configured to identify outliers in the sem conductor
test data; and an output el enent configured to generate an output report
including the identified outliers. 10 9. A data anal ysis system accordi ng
to claim8, wherein the supplenentary data analysis elenent is configured
to operate in conjunction with a set of configuration data in a recipe
file. 15 10.13AAdmteambyalsyybtemsgsordingde clainiSawhersinihgisupriemapay el t he t est
data corresponds to a section group of conponents on a wafer. 11. A data
anal ysi s syshesigekeict REohfgekadinidSntifyhke eitlietshersutppd.enent ary dat a

anal ysis elenent is configured to automatically calibrate a sensitivity of
the outlier 20 identification element to the test data. 12. A data

anal ysis system according to claima8, wherein the supplenentary data

anal ysi s _el t,1nclud | @f:i |.er i
corroatd 1 e (et S RO BoRBY GsB s BRRIE(He CORLhEARIAS
cont 1 gur o Bslyals lamiopt Pclidsh (PG B0 g epfheonfbed WRLUTL Mot E ! S

and smooth the test data, and wherein the supplementary data analysis element is

configured to identify the outliers in the smoothed test data.

10 15. A method for testing semiconductors, comprising:
generating test data for multiple components; and

automatically identifying an outlier in the test data at run time using a computer system.

16. A method according to claim 15, further comprising reading configuration data from
15  arecipe file using the computer system, wherein identifying the outlier includes

identifying the outlier according to the configuration data in the recipe file.

17. A method according to claim 15, wherein the test data corresponds to a section
group of components on a wafer.

20
18. A method according to claim 15, further comprising calibrating a sensitivity for

identifying the outlier in the test data using the computer system.
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5 14. A data analysis system according to claim8, wherein the
.supplenentary data analysis elenent includes a data snoothing elegaay 2005
configured to receive the test data and snooth the test data, and wherein
t he suppl enentary data analysis elenent is configured to identify the
outliers in the snoothed test data. 10 15. A nethod for testing

sem conduct ors, conprising: generating test data for nultiple conponents;
and automatically identifying an outliq}r? in the test gatgpa{? ryn ti.me using
a conputer $9sharathodaccardig REPIRCOo YIS COBPETRS ST9YPNE ¢ IF&r AL WHPE si ng
readi ng configuration data from 15 a recipe file using the conputer
system whettled complertsy$tgimng t he outlier includes identifying the outlier
according to the configuration data in the recipe file. 17. A method
according to claim 15, wherein the test data corresponds to a section group
of conponents on a wafer. 20 18. A nmethod according to claim15, further
conprising ogl | ' J 1M r@er cO@Pisihy cogelbtey Btdst @itaitdr t he
test data ug?héq{lﬁgbﬁ%ﬁ%ﬁg@@sﬂgyewf]féS 2 3 RIO\/ %005 1%.%A met hod accordi ng
to claim15, further i8] hi ta using the conputer
system 20. 1% ﬁ%laﬁgg{n&:ﬁ%%&t%@ﬁ%ﬁ%{]@gﬁn&&%ﬁ%}g@bmri sing correl ating
the test data to 5 identify simlarities in the test data using the
conmputer system 39
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