A METHOD TO | DENTI FY MACHI NES CAUSI NG EXCURSI ON | N SEM CONDUCTOR
MANUFACTURI NG BACKGROUND OF THE I NVENTION 5 (1) Field of the invention.
This invention discloses a nethod to identify probl em nachi nes causi ng
excursion in sem conductor manufacturing, and, nore particularly, a nethod
that recognizes and uses a process material's grouping patterns to

di sti ngui sh the AMBRHIOMED IDEKNTHE MRSHINESRAUBIHGUE X URSICN T si on
anal ysis in sem conductor _nanufacturi % §2ggDescriBti on of the Rel ated

Art. In seniconductor nmanuPaMIGENRUCT FOCTURINGeparture fromthe

15 expected result of a particular process step. The mgjority of excursions
are machine-related. The ability to identify problem machi nes accurately
during excursion is inportBACKEROUNIADR helgelNVEERTI@N can be stopped in a
timely manner to contain further propagation of the problem Wafer lots
process through hundreds of processing steps in a wafer fab. Each process

step may conpri gf 20 g @f iR hveRgoRBRCchi ne and some machi nes may be used
for nmultiple processing steps. The huge nunber of process steps and

conbi nat i ons of ThiscHiveedonadissiosehea indethodf foc &tendify girobleen pnadiiiees wackinge a

chal I engin K. Th St n_mef hod. for identification of fault

mmehi nes | pana SoBRRLg AT HaN ket fisovandaione Paatcuiaty’ énathiecdthatum
accuracy ofedohzedehh@dusesal dréded® mASiAe gktﬂmihg Yodtfer8X alr 8isBRgNBH efheal
nmust be collected. This is because this nmethod requires a | arge anong of

datalfo defréchings st areamost insebablyiferlby daic exbemsiceanatisis itesemigustchstor
conmmer ci al i e excursion analysis tool is Yield Mne. This tool
al so needsh%ngrégdé{“%po%al of data to generate 30 reasonabl e decision tree
results as disclosed in U S. Patent 6,470,229 to Wang et al. Since all

waf er fabs stri to_start  the excursion analysis at the earliest tine
possi bl e, thereé%s aDﬁégréPthﬂOfat?‘ HELAAHL is able to identify problem

machi nes In semiconductor manufacturing, an excursion is a departure from the
15 expected result of a particular process step. The majority of excursions are
machine-related. The ability to identify problem machines accurately during

excursion is important such that these machines can be stopped in a timely

maniner to contain further propagation of the problem. Wafer lots process through

hundreds of processing steps in a wafer fab. Each process step may comprise

20 more than one machine and some machines may be used for muitiple processing
steps. The huge number of process steps and combinations of machines makes

the identification of the problem machine a challenging task.

The most common method for identification of faulty machines in a wafer

25 fab is the well-known ANOVA test. To ensure minimum accuracy of this method,
data from a large quantity of excursion material must be collected. This is
because this method requires a large among of data to determine the statistical
difference between machines. Another commercially available excursion analysis

tool is Yield Mine. This tool also needs a great deal of data to generate

30 reasonable decision tree results as disclosed in U.S. Patent 6,470,229 to Wang et
al. Since all wafer fabs strive to start the excursion analysis at the earliest time

possible, there is a need for a method that is able to identify problem machines



1 based on a m ni mum nunber of wafer lots so as to speed up the excursion
analysis. Prior art patent docunents U S. Patent 6,901, 340 to Pasadyn et
al, US 5 Patent 6,701,204 to Nicholson, U S Patent 6,580,960 to

Ni chol son, U.S. Patent 6,944,561 to Tseng et al, U S. Patent 6,885,950 to
Mtsutake et al, US. Patent 6,826,735 to Ono et al, U S. Patent 5,991, 699
t o Kul kar mibasedadn amdininGn Ratrder ofowa6s, BOO sooabbivi spedditp the eethsitn f or
detection of defects for inprovenent of production yield. Anong these
prior art, A2 patents 6,901, 340, 6,701,204 and 10 6, 580, 960 appear to be
closely related to the present invention. U S. Patent 6,901,340 to Pasadyn

et al discloses a nethod for distinguishing between sources of process
vari ation. Thi s Rigrhad p@ﬁ@)’ltdi@lhén@ﬁarlé& dratent 6,90, 34@ tordlagadydeeti led).Sf rom

process par e S m t hi nsi f

G 1 orent | beray ong e EEMIRAT L& RapRERieSH S & N US ofbteny
and 15 6, S&D4LR061 bOtTeetr@ &l ahal somatert 81885 F6@ tolikeao et bl NdINP BNt
operation and tool conbination that causes |ntegrated failure in

sem conducbdieEastadne ehgl. Ui £aterd h881iGR%b1o/Bulkernt el ak iang Yive Patent
cumul ativeg q%éiéo@ftoqﬁgn"é@fa?é t %?th&‘c'}% fSFEEBéc?‘Ci}' é’fe%&e gqﬁigrmérp bﬁ&ﬁe“

maxi mum cunil at'i ve va I's nost fec i VE. gse
prior art d(m:lummsytelripeAmcﬂ@ Hleow p’:rlmnﬂrhdd 3. Ixdtehts @jobe, 349, 6,BenLORyand

machi nes b thelr upi atterns with a mninum of t processed

waf er-Yl ot sgm ?&I\F%gﬁeﬁb‘{ie@ 1P the Pffégeﬁﬁll'ﬁ‘éﬁrlﬁ'oé‘b},\g&sl Veatght ¢ he

present i ngerii 940 E&P‘a@ﬁ&% BY aRiiffbesR ?’Fﬁﬁt’%ﬂ%r H%tlﬁgﬁ:%ﬂ?n Od'é{%tsﬁrsources

manuf acturing fab. Another objective of the esent Tnvention

i dentify ppbbiangsseasiiation. ﬂfhis:Bm)etaoéeﬁmplomelm:cimraansﬁaanaldngafrabdwetg a

m ni mum nuH‘Bg‘r p%cg@sfep eté’\r’%f gtrjch as ?ﬂm thickness and critical dimensions for
differentiating the sources of process variation. U.S. Patents 6,701,204 and

15 6,580,960, both to Nicholson, relate to a method for finding an operation and tool

combination that causes integrated failure in semiconductor manufacturing. This
method involves calculating the cumulative value of bad wafer lots for each tool

- and the tool with largest maximum cumulative value is most likely to be defective.
20 None of these prior art documents appear to show a method that is able to
identify machines based on their grouping patterns with a minimum of two

processed wafer lots.

SUMMARY OF THE INVENTION

25
Itis the primary objective of the present invention to identify problem
machines in a semiconductor manufacturing fab.
Another objective of the present invention is to identify problem machines in
30 a semiconductor manufacturing fab using a minimum number of wafers or wafer

lots.



Yet another objective is to identify possible probl em nmachi nes based on
process steps and sort themin order of nost likely to be problematic. In
accordance with the objectives of the invention, there is disclosed a 5
met hod that recogni zes and uses the grouping patterns of process material
by different machines at different process steps to identify potenti al

probl em machi n&et eAUSIRGLidRIVEXE W RicOIlify PoSHHEGROBIET AMachifits Beddd bimg. The
excursion could be a yiel (I_jtdgrobl emat the final test or at any inline

el ect ri cal PEQSSEEEREPS aRd sBItdgyminaydeeabmost bkely i pedreliamaticdi f f er ent
process steps. 10 The nethod conprises the followi ng steps: i) To identify
machi nes that produce bad wafer lots. ii) To single out the nmachines that
produce al | badimaiceordarice With teacbbjettivédef phedasestiordetheranigefisdlosast ep
(i). 15 iii) To conpute the ti delta between first bad wafer | ot and | ast
bad Waf er”?eéfeoq JrahiRaRoRIEes; A sese; FospE peityins; of) preseRsrRakial Hy
cut - of f vakgrdar invechihE Mt R, obfAlned | hiid)) 0
conmput e the nlrmber of Igood waf er ellﬁgt gl%gtreggegfg?g beti:/(%gﬁﬁfﬁ)eotﬁﬁréslt pr%%e%;ad
waf er | ot mnaghines tasing e watersidrotn semicmarchicteesmadefactdrired The sxapsioni ) .

i) T k qut t-af f val i ved f th mber of d wafer |ot
obi ai ned 1 5 QHeB? (&) Ve protie ahabe lihleiedt Bbrmibnavings eer Galaksing.
singl ed ouinetrdlsgyapebbinemaisti BEinsPechsh aPhfifePOhtrocees kpd. i n steps (iv)

ht
and (vi). 25 vii1r) To conpute the ratio of nunber of bad wafer lots to the
totalOnunmber of wafer lots produced by machines left over fromstep (vii).

i X) To sort and-l-gé%)étﬂgdtclaﬁ,llérie%tsitﬁgggi%%w%??ésgft over fromstep (vii)

according to the fatio conp time delta fromstep (iii)
or nunber of ggodTeadentifl etscHimesrttait gpodvde bad aggendtsg or descendi ng

order. 30 x) To,co nce yield excursion analysis on nmachines according to
t he i) To single’out the machines that produce all bad wafer lots for each ¢
the processes determined in step (i).
15 ili) To compute the time delta between first bad wafer lot and last bad
wafer lot for machines identified in step (ii).

iv) To work out a cut-off value derived from the time delta obtained in step
(iit).

v) To compute the number of good wafer lots processed between the first

20 bad wafer lot and the last bad wafer lot for machines identified in step (ii).

vi) To work out a cut-off value derived from the number of good wafer lots
obtained in step (v).

vii) To remove machines from the list of machines singled out in step (ii)
using the cut-off points derived in steps (iv) and (vi).

25 viii} To compute the ratio of number of bad wafer lots to the total number of
wafer lots produced by machines left over from step (vif).

ix) To sort and display the list of machines left over from step (vii)
according to the ratio computed in step (viii), time delta from step (iii) or number of
good wafer lots from step (v) in ascending or descending order.

30 x) To commence yield excursion analysis on machines according to the

displayed order.



di spl ayed order. 3 Also in accordance with the objectives of the invention,
a manufacturing systemis disclosed conprising a plurality of machines for
processing a plurality of nmanufactured itenms through a series of
processes, a database server adapted to store a set of data associ ated

wi th the manufactured itens, an excursion nonitor 5 adapted to identify
manuf act ur ed it &iso hegéqugdancexithirthe abjdations af des invedtionr®oessifacaohd, and

machi nes. | AYEGR PORBSE CPMEEIYa & SRR AHRRRGS rcperBrnG Bratueny Of

DESCRI PTI OM4ufatiardRAMhWNGE o uth fis@ried of B%sﬁe&' #’\ﬁ’é%’ats%%‘;e{\tfét}ﬁae 89th of

the present invention. Fig. 2 shows an exanple of step resent
i nventi on. stkBem get o datewssagiatedanith éhemartudactBraghiterss epn Bxofirsidrempnidsent

i ion. _.Figs. . h I f st 4 of th t
ventt on a4epER GG BB W RBERNG oBre el sBome FoslR i on. 20
Fi g. 8 shoprocsesauiplshdh psdisBntatieimbOenBi€sRifer FoMBBAIIMIhg ard RiwY LED
DESCRI PTI ON OF THE | NVENTI ON I n sem conduct or nmanufacturing, process

vari ation PEPI®@abamaeings inepider phorast dkelyde hienessisingteogxaumgiendri ft over
time is one of the factors. The present 5 invention discloses a nethod to
identify probl em machi nes using a m ni mum nunber of wafer |ots so as to

speed up the excursion BREFYSESCRIRTICN DF THESDRAMWINGShe overvi ew of the
met hod. The present invention discloses a nethod that recognizes and uses
t he ﬁ?oupi ng patterns of process material by different nmachines at

di T erent procepy, Stapmd 8 flodRbH{ (ABLAAHLAORFERBRGN figs, 10_causi ng

excursion in sem conductor nmanufacturing. e excursion cou be a yield
problemat the final test or at any inline electrical testing, netrology

Fig. 2 shows an example of step 1 of the present invention.

15 Fig. 3 shows an example of step 3 and step 5 of the present invention.
Figs. 4 through 6 show an example of step 4 of the present invention.
Fig. 7 shows an example of step 5 of the present invention.

20

Fig. 8 shows an example of step 8 of the present invention.



measurenent, or inspection at different process steps. The process of the
i nvention begins after detecting at | east two problem 15 wafers or two
problemlots of wafers through a series of manufacturing process steps on
a plurality of machines. The wafers are tested at final test or at any
conventional in-line testing position at different process steps. Data is
stored for each of the DATAISERMESORIRTRINIOF dest edepana@net ers in order
to identify "bad" wafers. 20 Step 1. ldentify machi nes that produce bad
wafer lots. In a practical vol une production line, there are many processes
and each proce f i I es
all machi nes thE?Sggpggﬁggﬁgﬁggg¥gﬂ¥%ﬁﬁQI 3§§%n¢£ﬂL§%%§g$e&ﬂ§Qﬁéﬁ
from each &#ctere Madiees msfamepse dFot oematmplees e of thestacadred Tihe fiegant 2,

t here sare f o] ane ro C and, D. For, process A, one
machi fe NAE%P&'% égé@‘ﬁés b%cfnﬁ}é%éjr | Sfy,:;é{p%mc@gghngest WoiNHed HNREEUBA
and MB2 pr @dﬂﬁ:ﬁer@lf wdtadioteteras t@ts?pee'aoup tHY 8£&HSich: ar?é?@sl nébﬂee? M?Jstrates
produces all bad wafer |ots. Final é for process D, one n#chine

8

produces afhe pygrvigweef Ithe smethtachi hbe mesenivBaveniiBn, dmlosmda B@tMIB ttaab

identified.ag n I bl em e tep 2; Single ou the nes
t hat produce ﬁ% %e% (%ih\?va gégs) ‘{h% P&?OJ] h@ @%tt%ﬁn§ ﬁéyﬁ?%%se %E*’“&Lt

Step 1. Si m}Ehllrtes sit hdiffleranti lpimmb|sﬁaﬁs)ﬁomie¢utifﬂ1%t@rﬁﬁémﬁﬁmlé}ﬁ hﬂadﬂfﬁéé at
the same time, this step elimnates all processes with nore than one

machi-fe | d%ﬁ&‘?*'ﬂ@ KQUESI0B IR PRINGANGETAr hiEaapbsdudng.i hoe seiquasipancodrke @ ng
to Figure gieid NobReh af ?r?)r e l@la {dPm P ‘?Cgﬁyg iRt Bk rt?,g]_ Q%ﬁﬂﬁﬁt@ OiQ)JVBl

and MB2: hence machi nes process B can be elinina
hand, all bedsuegfreent, of speciooatsiftsentyroCeandtdpscome from si ngl e machi nes
MA2, Mc, and MD3 respectively. Hence, MA2, M, and Mb3 are singled out. 10
The process of the invention begins after detecting at least two problem
15 wafers or two problem lots of wafers through a series of manufacturing process
steps on a pluraiity of machines. The wafers are tested at final test or at any
conventional in-line testing position at different process steps. Data is stored for

each of the wafers and compared to desired parameters in order to identify “bad”

wafers.
20

Step 1: Identify machines that produce bad wafer lots.

In a practical volume production line, there are many processes and each
process can run on many different machines. This step identifies all machines that
produce the excursion wafer lots, or bad wafer lots, from each of the process

25 steps. For example, as illustrated in Figure 2, there are four processes, namely

process A, B, C and D. For process A, one machine Ma, produces all bad wafer
lots. For process B, two machines Mg, and Mg, produce all bad wafer lots. For
process C, one machine M1 produces all bad wafer lots. Finally, for process [,
one machine Mps produces all bad wafer lots. Machines Mas, Mg1, Mgz, Mgy and

30 Mps are identified as potential problem machines.

R



Step 3: Conpute the tinme delta between the first bad wafer |ot and | ast bad
wafer |lot occurring for machines identified in Step 2. In sem conduct or
manuf acturi ng processes, wafer lots rarely followa First, in First out
(FIFO sequence. This is due to interruptions in the manufacturing 15
process caused by engineering work, netrol ogy sanpling, material holding,
speci al work redilest’s Simgld quhdthe nexamiiast thadpeeiucdhmnbad esdersdodfoundeit et ed
machi ne probl e it wi II af.fe t II fer lots processed by that machine.
These aff SFeES ther at the probl em machine's process
step and di spersigcdHts ﬂﬁghthwpr@%st@wnére tﬁéh%e%geﬁm t§cPPCat thB sbfhé
step, the tine 20 delta between the first bad wafer ot and the |ast bad
waf er are dompUbisostepreliniasgtesnals prarassas aviti mgire dhamionenmgcbipezidentified to

and Deuni ol VD I 0P g By Eibato8, e Bl do SRR P DIERE RS 5 o

MA2, 25 Mrom gndcdd33 Boese Wohhibbtd, michiagd MBQW MRS PREALY @hichihés for
excursion wafer |ots occur frequently across a short tinme frane for a

parti cul ar PRESESSE capriee phminaiedi (yn teg othes ftﬁﬂ%@lsbafemtf@dotso"t W@CGSSGS
f
SHEurSTon ) g e i A0 SHEMALERE L8 B LA echur

cut - of f p0|M)\t2 ke emddMbyam ditget ione. del ta obt ai ned in step 3. 6 Referri ng

to Fi%ure 4, '"tinme delta in between bad wafer lots', Ti refers to the tine
delta%romthe first bad wafer |ot appearance to the last bad wafer |ot.

lpﬁersm lhﬂ] \éaes O?fC-B:mnEJt ?gé?gh?es xgaw g{-etvé/@t eﬂi@tﬁa@%@?ﬁﬁ aqéét 2 g
waf er | ot sWaig : ; €8 eelindstep I|es that the process step
is further ste the Iematlc ste t.o, dis

ohenomena. K gﬁf“ ??%W&%t%&@énﬁéﬁ S bieeES Warfis BT RIGR 4 Eist
process ejn mrﬁtabUD(FIFD‘-)tsecL UePREESTRIs Ragle RO 0ARSRIPHLAB. in Thel MapgrRUiIra f or

each process 10 ste own in Fig. 5A, and sorted in ascendi ng order,
as shéwn i RraGeg§s g@seq by engineering work metrology sampling, material holding,

A

special work requests, and machine maintenance. When there is an undetected
machine problem, it will affect all wafer lots processed by that machine. These
affected lots will cluster together at the problem machine’'s process step and
disperse out as they move away to other process steps. In this step, the time
20 delta between the first bad wafer lot and the last bad wafer are computed for

machines that are singled out in Step 2.

lllustrated in Figure 3 are machines Maz, Mcq1 and Mps at processes A, C

and D which are left over from Steps 1 and 2. The excursion wafer lots from Mag,

25 Mc1, and Mpa occur within 3, 1, and 7 days respectively. If excursion wafer lots
occur frequently across a short time frame for a particular process, the probability

of the process related to the excursion is high. Since all the excursion wafer lots

from Mc4 occur on the same day, Mc, could be the problematic machine.

30 Step 4: Work out a cut-off point derived from the time delta obtained in step

e



delta slope, DS is calculated based on differences between Ti and Ti +1.
The «cutting point is set at the maximumDSi. This will be the T cutting
value. If there is no obvious maximum DSi, the T cutting val ue can be set
to a certain percentile of Ti. Figure 6 shows an exanple of a T cutting
val ue used for process 15 elimnation. Step 5. Conpute the nunber of good
waf er |ots bet V\Mﬁhemfimg tbidﬁ"'igtwe?a,d’iijmfcﬁaﬂa ihﬁet@@dnﬂ:{w \livaf@'rr lc?a’dhiWaé' fers foahe
occurring for ines identified in step 2. Simlarly, if there are no or
not many g Bt JRrobihe st hed i aeidobaprarange g iz lashBAd tYRICICOHME | i ty
of the proggafier PALBGMEAIRMAS hOBrdceshl ' ihed 10
Figure 7, the ﬁLnber of g%(t;ﬁ vva?g B?%Wﬁl%h%@%%ﬁg%gﬁeﬁg?ﬁ Ftﬁwéﬂﬁﬁ%s
conput ed f shoddiore fraoeeddkestiep.a Bigbpr 8aluatsfkTioutares bad waffér lots ptoceeséd ed
fromthe n er of goqod wafer | ot 5 obtained i.n_ste . This is the sane
as ot bp. 4 1 nGTe e Bt B inied ReuR fap e as Gndd faheesters AU B er
good waf er plqifismbet weaNdLd & bishetsiehphkasinepad wafer lots G for each
process step i. Then, sort the calculated G values in ascending order. A
delta slope, DSi is calculated based on differences between G and G +1.
The cutting 30 j I xpum DS . This wll he the G cutting
val ue. If therepiasup%g ’ﬁ% 5%‘8%@‘0% idr%?r{ Ie,a h%”@%ﬁ?@?ﬁ%f e%ﬂcﬁégcan be set
to a certaelimpetioantict ¢ refreGent eddhopioeess SPIVT| acempiefopleadh Grétdds ng
val ue used for process elimpation. 7 Step 7: Renove machines fromthe |ist
of makhi nedles; ﬁg SEAWEUD Fiig 2 edndsorted Hyasernding oplar, pishewnde Fig.daB.i A
steps 4 an | st ' LA [ j t
Fiitored by bimtrngoal] CETRER Petec bHARYeNELs BN TRME TH ML o
waf er | ot scuttigh@oirthanet detheubaxiffum Ddiud tde vl be tiesl Ti cutthit@psiué. dhithebe

respectively. Thi.s neans, maghines_.are. elimnated for, K having, higher than
b nashio dRuSul B rult DY RE 268 vhle Gar Belsebied derimpertenlan. ne
M3 is el ié‘ﬂﬂ@F@(ﬂlréWﬂdvb@ahie%bmﬂ@f)ﬁéeipc&%in&(%ﬁ}g Bsédforfbb&sOf the nunber

of excursion wafer lots to the tota
15 elimination.

Step 5: Compute the number of good wafer lots between the first bad wafer

lot and the last bad wafer lot occurring for machines identified in step 2.

Similarly, if there are no or not many good wafer lots between bad wafer
20 lots, then the probability of the process’ being related to the excursion is high. As
Hlustrated in Figure 7, the number of good wafer lots in between bad wafer lots Gi

is computed for each process step.

Step 6: Work out a cut-off point derived from the number of good wafer lots

25 obtained in step 5.

This is the same as step 4. Instead of delta time, calculate a good delta,
the number of good wafer lots between the first and last bad wafer lots Gi for each
process step i. Then, sort the calculated Gi values in ascending order. A delta
slope, DSi is calculated based on differences between Gi and Gi+1. The cutting

30 point is set at the maximum DSi. This will be the G cutting value. If there is no
obvious maximum DSi, the G cutting value can be set to a certain percentile of Gi.

Figure 6 shows an example of a G cutting value used for process elimination.



nunber of wafer |lots produced by the machines in the list after step 7.
After Steps 1 to 7, the nunber of potential problenmatic nachines is
dramatically reduced. The ratios of excursion wafer lots to total wafer

| ots processed through the machines |eft over fromstep 7 are cal cul ated
for each 15 machine. According to Figure 8, 3 out of 10 wafer lots are bad
wafer lots fromMA2, while 3 out of 100 wafer lots are bad wafer l[ots from
Mci. MA2 has a _Rrobabl I |% g Ihe ch ne causing
t he excursion. I3 s EHENE THACTINGS HBE dist e P
lots to thadifg tle WEIEpoRis WBFifEd Irpétépswwged by the machl nes is
conputed. 20 Step 9: Sort and display thé Tist of machines |eft over from
step 7 accordi nglha bsttofempgbings comglad edit im starep i8 futherdilidedd @yfremmvm@plls

The rati o BreebRge BT Hetadiofe sl RUALER of Sl RERIC PR AR Rtk o 35

fromstep %alwy det@oensdsheptps thamdlg irgbgediBeRi Neris Theahat hiachdtesPare
sorted in elther ascendi ng or descendi ng order. The machi nes di spl ayed on

the top or €lifHpalssh o hadng higherr ﬁ‘aﬁh@'thﬁs@n@r@bﬁl@l Bvprebladhieiiesmatihitfies
cep e 09 Myshod BLARbId, IR0 MATY ATALA ARG the R PrOpess steps ust ng

a single machi ne rémal ni ng I'nes fromstep Wwll be sorted using
time delta calculated in step 30 3 or nunber of good wafer |ots derived in
step Machi ne vmth a lower ting elta or a Iovver oaod waf er

| ot s INave hi ghe%‘;t TR 9P TEHO S of exCWgi) watesdotsitadhe fatal
excursi on. nEYWbér'o?tV\?’af@F Io@@ﬁ?d@]c%d%ﬂﬁe%&ﬁlﬁes% ff?é:h_%rt%rrs@w fromthis
step - one grocess steps using I pf e machi nes nd one list for
process steps uﬁﬂ@g tegisndl éOrr'é,cHﬂme”surﬁDetp of Opoteotine peeblgiveitid meshirzisons
analysis o r di | ayed .orde progces

engi neer s @éﬂ%ggﬁ‘@s ﬁ?@'ﬁ; Gd gﬁg? v& ’gsoﬂfsteﬁ(éu%ﬁﬁ WrdsT ﬂﬂ{st F‘FéNqo fal wa el(/bFQItS

li kely probleraised tmmul‘gmftﬁe aaachges her kalr fitdrdtstep 7 are calculated for each

15 machine. According to Figure 8, 3 out of 10 wafer lots are bad wafer lots from Magz,

while 3 out of 100 wafer lots are bad wafer lots from Mc1. Maz has a higher
probability of being the problematic machine causing the excursion. In this step, B;
the ratio of the number of excursion wafer lots to the total number of wafer lots
produced by the machines is computed. i

20

Step 9: Sort and display the list of machines left over from step 7 according

to the ratio computed in step 8, time delia from step 3 or number of good wafer

lots from step 5 in ascending or descending order.

The ratio B; computed in step 8 is used to sort the remaining machines

25 from step 7 for process steps with multiple machines. The ratio can be sorted in
either ascending or descending order. The machines displayed on the top or

bottom of the list are the most probable problematic machines depending on the

order in which they are arranged. For process steps using a single machine, the
remaining machines from step 7 will be sorted using time delta calculated in step

30 3 or number of good wafer lots derived in step 5. Machines with a lower time
delta or a lower number of good wafer lots have higher probability of being the

problem machine causing the excursion. Two lists of possible problematic



6. Advantages of the invention 10 This invention is very efficient and
effective for excursion analysis. It can identify a problemnachine at the
process causing the excursion even after only two problemwafer lots are
detected, while other nmethods require many problem wafer [ots to be
detected. Since the problem machi ne can be detected earlier, we can

mni m ze ewGEhgIesTeisHfidIM thys strp proogdist famrbgest gpps migir@rmuftlpm mgchines15

achi ne. antl bPoe0eE aTBRESS sl FOMER Ml ayed i st for Lo

investigation to speed up engineering trouble-shooting. This invention

al so works very well for manufacturing processes with |ong, conplicated
process steps a hehi-anMmeneiyigit exnEsioparalyig ﬂarma(fhmasggg@qgm he

Inven§| on Eg ?@8&&8%? of steps 2 to 7 is not fixed. The invention can be
used on of machi nes causi ng excursions or abnormalities
detected at anyNops presssssérgpsesgadangserfitai gleiynaigsis wiretifentiachiabs ohrtheal
characteri i jon, and final test. In addition, wafer

| evel dat a“zsiet‘:wlé\&g%di%g’ ﬁ’@?@‘é‘%’/‘&s'e%&%@e@aﬁ?“ b cheeted Wstiet er mi ne t he

probl emati ¢ machi ne using the present invention. In addition to
sem conduct or manufacturing, this invention also can be used by other
manuf act uri ng i&dub:l\ranisgeswfmheamazmtibe stored for each manuf actured item

(for, exanpl e, PLi each ..waf er o] data ase system
for tEampre. anfeizaly S IS e tllent i Bfeiie Praile g e 48R
stored in |tjbﬁt|ﬁ}8é @b@@l@nswc,@mé at thiﬁétdc%ésﬂﬁd@i‘f@ ﬁféekdurafbﬁ%vérpaﬁaeamyf y
manuf actured itens that exhibit an excursion froma desired pararre er

val ue. A prsbP@iemcwate Hetsearieadetertade whilopthes xegthpds reawire 8rant BicRgMor
all of st e\}i?gfeﬁo%stt(g HeCH&E E{e% t@ﬂcgrtﬁig ?&IEW%a%Bme cdl 88 ld%'f'@été& Ehfe '\Q/gs

can minimize excursion impact to the production by stopping and fixing the

15 problem machine much sooner. This invention sorts the most probable problem
machine and process to the top or bottom of a displayed list for investigation to
speed up engineering trouble-shooting. This invention also works very well for
manufacturing processes with long, complicated process steps and machine
combinations. 1

20

7. Alternative Examples of the Invention

The sequence of steps 2 to 7 is not fixed. The invention can be used for
identification of machines causing excursions or abnormalities detected at any
process steps such as metrology measurements, electrical characterization, visual

25 inspection, and final test. In addition, wafer level data instead of lot level data can

be used to determine the problematic machine using the present invention.

In addition to semiconductor manufacturing, this invention also can be used
by other manufacturing industries.
30
Data can be stored for each manufactured item (for example, for each

wafer lot or for each wafer) in a database system, for example. An excursion



Al t hough the preferred enbodi nent of the present invention has been
illustrated, and that form has been described in detail, it will be readily
understood by those skilled in the art that various nodifications my be
made therein without 10 departing fromthe spirit of the invention or from
the scope of the appended clainms. 10 What is clained is: 1. A nethod for

i denti fyi ngnorichj fesexamplengcpr ooeparexbarditanstomnpir gingatatprsecepstemgta
plurality of manufactured itens thro%gh a series of (Enocess on

) S .
Bl ural i ty GPSHRLNPABEICIENs HPaPHIdig & 1epityf reandesiyredtams has xhibit an
manuf act Ur edlcifsRFb frohflandddidddga Rk £ G -
wher ei n saidc nanu#gcturedli5%%%%8?§%§g§&!'t rougﬁﬁ§%$gﬁggﬁgggg&ﬁﬁﬁégﬁgr
machi ne hagsadwien camdiesirim@nanoexduek stapsf Reinta glersirated thmoadetedr listablie;
for each prohl J chine: 10 conputing a tine delta between a first
excurgion Qﬁgﬂgﬁﬁégﬁnggﬂﬂ?§ion; sorting in ascending order said tine delta
for each of said problematic machines; identifying a maxi num delta sl ope

based on differences between said tine deltas; and 15 setting a tine
cutting val ue at\ltsabgh i prafairaédiarabediomnt chtlte prasenhipveatian hesklesmat i

machi nes i | Si Mo} cess,. 1.Qn
wherei n ke raSch apaTBaticri b e OGR! PRafBlc wN PR e
are el i m nhy ¢itbda siiilsdirdiHel &t tng v@f‘iopﬁ;@ﬁé(ﬁﬂ@étﬁ(ﬁﬁ%@?ih&aﬁadé@h&eﬁhﬂhm hod
according to claim 1l wherejn said processing said plurality of

manuf 8ct ur EBPFTIBAETAA R GRINE & e Eveatopor Hiose g seonsokihiePRandsri ty of
machi nes cguprises processing a plurality of sem conductor wafers in a
sem conduct or nmanufacturing process flow 25 3. The nethod according to
claim2 wherein said processing said plurality of

10



sem conductor wafers conprises processing said plurality of sem conductor
waf ers grouped into lots of wafers and wherein said data indicates an
excursion for alot if all wafers in said |ot indicate an excursion froma
desired paraneter value. 30 4. The nethod according to claim11 further

conprising elimnating fromsaid |isting of said problematic nmachi nes any
of said ip%s gq%geo(ﬂ ated with a process having nore than one associ at ed
machi ne whe ‘%J 6t said 11 manufactured itens for more than one

associ at ed].machh meethed fémiabniiypeasachinediczatipg Hocesegxairsion comgengret hod
according to claim1 wherein if no maxi num delta slope can 5 be found,

said time cuttiff§cessin@ Pspdealityy of pagnufectiuged péerpanthnougbf aa sariest of i ne
delta. 6. di claiml wh [ id ti [ di
elta _%Bg?gr%}sg@f??%p@leﬁgﬂé%w%@ m erein said sorting in ascendi ng

order sai said probl emati c machi nes conpri ses
di spl agi ng sai dbbialiriy awetlef data foneaclyoéphidaabnufepiueseiteats;on and t her eby
i dentifying sai, I mum |ta. slope., 7. The nethod according to claim!]l
for each probl é&%‘ﬁ%nﬁaﬁp ,m?atiﬂ't H%r"h’rlﬁ?np_toirsiet%j. 1@?8@%uw%ée'8 g
del ta, thenaK¥aelured _it@ﬁjfﬁr%%%&fitﬂrb@gﬁ s'égi’ Pﬂﬂ;egéto?‘l saidMhEHihEHale data
excursion froma desired paraneter value between a first excursion and a
| ast excurisdioatin@an Exeursinrhirdmaa desuded garametagtivimiue; f or process steps having
single 20 machines furb:l'her .cor’g)ri.si_ng: sorting said problematic nachines
in ascending or%l%@%ﬂ JraiaaEdiNe s ai d time delta for each of said
probl epati ¢ Macinafing tiffeed TRl Bk RECL ikt RtctRidH ahdalabistdirsion; _
conprising: 25 sorting in ascendi ng order said good delta for each of said
probl emati c sorting in ascending order said time delta for each of said problematic
machines;
identifying a maximum delta slope based on differences between said
time deltas; and
15 setting a time cutting value at said maximum delta slope; and
listing said problematic machines in order of most likely to be causing said
process excursion wherein machines having a time delta higher than said time

cutting value are eliminated from said listing of problematic machines.

20 2. The method according to claim 1 wherein said processing said plurality of
manufactured items through said series of processes on said plurality of
machines comprises processing a plurality of semiconductor wafers in a

semiconductor manufacturing process flow.

25 3. The method according to claim 2 wherein said processing said plurality of
semiconductor wafers comprises processing said plurality of semiconductor
wafers grouped into lots of wafers and wherein said data indicates an excursion
for a lot if all wafers in said lot indicate an excursion from a desired parameter
value.

30
4. The method according to claim 1 further comprising eliminating from said
listing of said problematic machines any of said machines associated with a

process having more than one associated machine wherein data for said

1



machi nes; identifying a maxi num delta sl ope based on differences between
said good deltas; and setting a good cutting value at said maxi num delta
sl ope. 30 10. The nethod according to claim9 wherein if no maxi numdelta
sl ope can be found, said good cutting value is set at a particular
percentile of a first good delta. 12 11. The method according to claim?9
wherein s f C aid
problenatﬁ@gnéeﬁ%hgg hﬁngﬁﬁggﬂbgg 'gﬁﬁﬁbaggﬁagﬁﬁoggﬁhéﬁ%ﬂg{”ﬁiagﬁﬁéﬁ i cal
representahdmauanﬂqeh@mehy;|dent|fy|ng said maximum 5 delta slope. 12. The
met hod according to claim9 further conprising elimnating fromsaid
listing of said problematic machi nes any machi ne having a good delta higher
than said good fg Hé%ﬂoé!%'clz‘@rdu@ é?an;rf\dﬁ%tr&ﬂqf AS FRAL N fd%ltﬁ's%rpB égnf or
process steps having sin I nes her conprising: sorti sa

probl edat ilke fourid, sesd lt:measumngnrajuens det @t rad pagicalad greroéntile aifda @aﬂdtmlel ta
for each %I sai d problematic nmachines. 15 14. The nethod according to claim
12 wher ei ‘% id step of obtaining a set of data for each of said

manuf actured itens is perforned at final test or at any inline electrical
testing, netrology neasurenent, or inspection at different process steps.
20 15. Thé.net Howe a'@éhﬂcﬂeﬁgondmg:tcaplmrm T oheegioisajg sbitivgeini ascendmonerder

further %%rg){lh% ddta for each of said problematic machines comprises displaying said
10 time deltas in a graphical representation and thereby identifying said maximum

delta slope.
7. The method according to claim 1 for each problematic machine, further
comprising:

15 computing a good delta, the number of manufactured items having data

indicating no excursion from a desired parameter value between a first excursion

and a last excursion.

8. The method according to claim 1 for process steps having single
20  machines, further comprising:
sorting said problematic machines in ascending or descending order of

said time delta for each of said problematic machines.

9. The method according to claim 7 further comprising:
25 sorting in ascending order said good delta for each of said problematic
machines;

identifying a maximum delta slope based on differences between said
good deltas; and
setting a good cutting value at said maximum delta slope.
30
10.  The method according to claim 9 wherein if no maximum delta slope can
be found, said good cutting value is set at a particular percentile of a first good
delta.

12



conputing a ratio of the nunber of manufactured itens having data

i ndi cating an excursion froma desired paraneter value versus the tota
nunber 25 of manufactured itens processed by said problematic machine for
each said process. 16. The nethod according to claim 15 for process steps
having nmultiple machines, further conprising: 30 sorting said problematic
machi nes i n ascendi ng or descending order of said ratio for each of said
probl ematic machines. 13 17. A nanufacturing system conprising: a

plurality pf nerd reghd@uchORIERS % BRirA Plepdihtdaid®koRmtihassdenamhg &eies
through a series of processes; neans for obtaining a set of data for each

of said naﬁﬂﬁaepﬁrd@diaﬁ%ﬁachs ﬁ@léﬂrfyobtﬁmatu?emaphmﬁgcqmwme@cdtapiéumigt%
havi | f
9, an RSN Ao S PARRE AR RN BGFRARA Bhum

causi ng salaftaesiope.si on wherein sal d rreans for identifying and listing

probl emati ¢ machi nes conprises: 10 for each problematic machi ne, conputing
a good delta, the nunmber of manufactured itens having data indicating no

excur si on {far oM ARENEH acBGMIEBLd Ela}fﬁlgjﬁjrﬁm‘ae?‘%?rg)or%jéd%ﬁ ﬁ;)gr érﬁrba?‘?dsm d

| ast excursion; sorting in ascendi ng order sai ach
pr obl emat |E|et1ngraﬁma|@sgrom@maimma‘ojmnﬁ§ anyramrachine devirag < gped eedted higher

di fferenc d deltas; and setting a good cutting val ue at
sai d maxi ﬁﬁ?ﬁpgé\ﬁf%o%qsgggnggﬁ %arther conprising elininating from said
listing of said problematic machi nes any nmachine having a good delta

hi gher than said good cutting val ue. 20
13 The” method according to claim 12 for process steps having single

machines, further comprising:
sorting said problematic machines in ascending or descending order of

said good delta for each of said problematic machines.

15
14.  The method according to claim 12 wherein said step of obtaining a set of
data for each of said manufactured items is performed at final test or at any
inline electrical testing, metrology measurement, or inspection at different
process steps.

20

15.  The method according to claim 1 for each problematic machine, further
comprising:

computing a ratio of the number of manufactured items having data

indicating an excursion from a desired parameter value versus the total number

25  of manufactured items processed by said problematic machine for each said

process.

16. The method according to claim 15 for process steps having multiple
machines, further comprising:
30 sorting said problematic machines in ascending or descending order of

said ratio for each of said problematic machines.

13



18. The manufacturing systemaccording to claim 17 wherein said plurality
of manufactured itens conprises a plurality of sem conductor wafers. 19.
The manufacturing system according to claim 18 wherein said plurality of
25 sem conductor wafers conprises a plurality of sem conductor wafers
grouped into lots of wafers and wherein an excursion is indicated for a

lot if all fe i t.d | i ndj .an excursion froma desired
par amet er 1\/?2?ueéwhf&fﬁghﬁ%ﬁ%tgﬁ’u@ﬁﬁ%ﬁ%@@t em according to claim17 wherein
said nmeans for g &@My%mmhme%eforqirod@éﬁn?@ pBﬁQi‘itP/Qif Sandfavuretisiedris ed

itens corrpE)i ses final test or any inline electrical testing, netrol ogy
measur emerffough @ g8Hee of BIPCEESesif ferent process steps. 14 21. The

manuf act uring %gg@ﬁ@ggﬂ@;ftie a§8t &t & @féﬂe%\%?g&d%ﬁgﬁuﬁg‘aggédha

i dentifying manu avi ng tan excursion from a desi reﬁ‘spr ocess
resul t sconpri sescaosrdar iigentsgng mhanhafdcturedi dechesha@dg paoecessrsies ftamf ar

each of said nuf actureﬂ_it(gm; at each process step on each machine. 5
22. The rgg?q&’pp?%sg%ﬁg eM@ccording to claim 17 wherein said neans for

i denti fying angnbisd !f&gi@nﬂ@i@@hb?t&%@h@ﬂ%‘kmaﬁ@rn%hiﬁés riW%tr?]éij 8€hpsko be
causing said excursion conprises idenfifying problenmatic nmachines for each
process \ikelydorbe aadsingsaichexcursidon whercipseckessadstfor cleghifysy dndlistegs on
said 10 j VA indi cati ng an excursion froma desired paraneter
val ue. 2%%’%@%@@%?? ﬁ&g@??gm according to claim 17 wherein said
neans 1hor i defigt bcRGrabrhatid hdhiie btaRBlLiisy Rgbbacgelid) tAEdRUMBEr gpst

i kely to be causing said excursion further conprises: elimnating from
said |ist iwlgﬁc%léﬁf perssl é‘ﬁﬁh@c deda niislicating amy ofclEIPa i a_egleswed _
assocl at egaY’éJHBté? IEL?G{:S&%N V3 ﬂ%t?%ﬁrsﬁmg ﬁ%elasﬁé%ffr%igheq machi ne wherein
data for 54 d Nanufact Ured itens for more Than ong  assoti ated machi ne for

that process i mdrioaf &5 asoerdngraton sadgodt elgianisrasdidiy bhegaisly stoberaatior di ng
to claim17 wherein said neans for 20 identifying and listing problematic
machi nes MPEIMT of nost likely to be causing

15 identifying a maximum delta slope based on differences between said
good deltas; and
setting a good cutting value at said maximum delta slope; and farther
comprising eliminating from said listing of said problematic machines any
machine having a good delta higher than said good cutting value.
20
18.  The manufacturing system according to claim 17 wherein said plurality of

manufactured items comprises a plurality of semiconductor wafers.

19.  The manufacturing system according to claim 18 wherein said plurality of
25 semiconductor wafers comprises a plurality of semiconductor wafers grouped
into lots of wafers and wherein an excursion is indicated for a lot if all wafers in

said lot indicate an excursion from a desired parameter value.

20.  The manufacturing system according to ciaim 17 wherein said means for
30 obtaining a set of data for each of said manufactured items comprises final test
or any inline electrical testing, metrology measurement, or inspection at different

process steps.
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sai d excursion further conprises: for each problematic nmachi ne, conputing a
rati o of the nunber of manufactured itens having data indicating an
excursion froma desired paraneter value versus the total nunber of

manuf actured itens processed by said problematic machine for each said

process; and 25 sorting said problematic nmachines in ascendi ng or
mat i ¢ .machi ne

descendi n rd f Ld ratio for each.of .sajd proble .. 25.
The manut s2tur WS ST RRAERS eitedh e 2Erufed S emEl ek e e

i denti fyi ngeatiffing starmdagtuall e@pid havaehiagnesxtirsRird@ion®fa Mesirelli RIGEss0 be
causing 30 said excursion further conprises: for process steps havin

si ngl e nmadBPHE SONYYISER fPraRaring saile| datattocsaid slesiied pracessc@sditifgr each o
descendi n | ©. 0, ' bl emati ¢ nmachi nes.
15 26. Th%%nu naL@ ‘&?‘?ér?g’t%@g%g%gghﬁ?%sg&%Q’é‘l %?c?’naqgc\aﬁ%r'ei n said neans
for identifying and listing problematic nmachines in order of nost likely
to be causjnhg ai d ex?ursi_on further conprises: far each pro Iematif
machi ne, c%ﬂput hiyManUiertudiag SYS1681 ReerrcNg 1e simsl e vdgrain SRIQREAS Rt
excur si on;; Fet i | : £

o obl ot | oo R ST SlcRac s It RPL 8 st dkpTag peotatéihg

di f f er encestithepieesion aianprisase ickeitifidsg Frobmbatingnachines foutskichgpvakas at

sai d maxi delta. Ioge;f aﬂﬁ ﬁl jtm' natin frﬁ? sai d | is‘i%i ng of said .

probl ermat | EhisHEs TARTUIREEHPRe"Ray PIRFEESET nE et 2 g‘ﬁ%lc_eﬁa(ﬁn Said time
cutting Vahaehing havétRtATHdARGUWEN BAcrsRireRomcE Qesiph@airsé@l taik@. wher ei n
said neans for 15 identifying and |listing problenmatic nachines in order of

nost |ikely to be causing said excursion further conprises: for process
asconding 2 ddttmarRE iR saRebl Alods BLPALRTE, WigrdR s iegr for
identifying and listing problematic machines in order of most likely to be causing
said excursion further comprises: eliminating from said listing of said problematic
16 machines any of said machines associated with a process having more than one
associated machine wherein data for said manufactured items for more than one

associated machine for that process indicates an excursion.

24.  The manufacturing system according to claim 17 wherein said means for
20 identifying and listing problematic machines in order of most likely to be causing
said excursion further comprises: for each problematic machine, computing a
ratio of the number of manufactured items having data indicating an excursion
from a desired parameter value versus the total number of manufactured items
processed by said problematic machine for each said process; and
25 sorting said problematic machines in ascending or descending order of

said ratio for each of said problematic machines.

25.  The manufacturing system according to claim 17 wherein said means for
identifying and listing problematic machines in order of most likely to be causing
30 said excursion further comprises: for process steps having single machines,
sorting said problematic machines in ascending or descending order of said

good deilta for each of said problematic machines.
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probl emati c machines. 20 28. A manufacturing system conprising: a
plurality of machines for processing a plurality of manufactured itens
through a series of processes; a database server adapted to store a set of
data associated with said 25 manufactured itens; an excursion nonitor
adapted to identify manufactured itens having an excursion froma desired

process regall t; Tid thanpsODHATRYsferTBEBbRAfNG @@%ﬁ'irﬁwi £t Mr@reibd%?& inh&/driagfopnd
listing problematic machines i'n order of Trost likely to be causing said
excur si on idaelfying ard dstirgppraddematiyimmachimes In endengf said ligelybioermtadsing
machi nes c Ll . for robl emati c machi ne, conputing a tine delta
bet ween a Ti g%égr%;?&@gﬁh%ﬁ%gﬁﬁmggﬁast excursion; sorting in ascendi ng order

said time delt gof Gachapiotdmant tnasisiRE BBhHigkiting 62 TRESI B betwsH i fistg a
maxi mum del ta sl ope based on differences between said tinme deltas; and
settin§ a ViHESIRUENdfylagheUraionsai d maxi num delta sl ope; and 5 elininating

fromsaid |listi of s3] I I &ai J hi ! i dime
del ta hi gher 1 KRR i3S ehbng, GHR! Guaint 2Bl SRENOF S BBt 2
pl ural ity réchires,conduct or wafers conprising: providing a plurality of

machi nes for processing said plurality of wafers; 10 processing said
plurality of M&%"ﬂ@y‘f‘ﬁr%d’gj‘ﬁx%\#‘é’@r?%’@ Sfons sased & differgncesiketiyear 8aidy of
machi nes whes gbpae dat abase stores the tinme of processing of each of said
plurality of wafers; obtaining data for each of said plurality of wafers;

i dent itPyi ng pr cletténgaa tinereetting esllfeoat said mapdmces delvih siogien asdi d

eliminating from said listing of said problematic machines any machine

having a time delta higher than said time cutting value.

27.  The manufacturing system according to claim 26 wherein said means for
16 identifying and listing problematic machines in order of most likely to be causing
said excursion further comprises:
for process steps having single machines, sorting said problematic
machines in ascending or descending order of said time delta for each of said
problematic machines.
20
28. A manufacturing system, comprising:
a plurality of machines for processing a plurality of manufactured items
through a series of processes;
a database server adapted to store a set of data associated with said
25 manufactured items;
an excursion monitor adapted to identify manufactured items having an
excursion from a desired process result; and
a problematic machine identifier for identifying and listing problematic
machines in order of most likely to be causing said excursion wherein said
30 identifying and listing said problematic machines comprises:
for each problematic machine, computing a time delta between a first
excursion and a last excursion;

sorting in ascending order said time delta for each of said problematic

16



15 sem conduct or wafers processed through said process on said machi ne have
data indicating an excursion froma desired paraneter value for each

probl emati ¢ machi ne: conputing a good delta, the nunber of manufactured
items having data indicating no excursion froma desired paraneter val ue
between a first excursion 20 and a |ast excursion; sorting in ascending
order sai dygeam gelta for each of said problematic machines; identifying a
maxi mum del t a slope based on differences between said good deltas and 25
setting a good identfying eamairatimsdeia reopenasdd| v chff@:mneartcbtvln/esm sejdsai d

probl emati g I ne n order of nost likely to be causing said process
excur si on W%ﬂﬂ n%f&dn nes having a good delta higher than said good

cutting val ue ageitind kM@ tading RSt Sailiimbkiflirk deRs QR B machi nes. 17
5 eliminating from said listing of said problematic machines any machine

having a time delta higher than said time cutting value.

29. A method for processing a plurality of semiconductor wafers comprising:
providing a plurality of machines for processing said plurality of wafers;

10 processing said plurality of wafers through a series of processes using
said plurality of machines wherein a database stores the time of processing of
each of said plurality of wafers;

obtaining data for each of said plurality of wafers;
identifying problematic machines for each process wherein said

15 semiconductor wafers processed through said process on said machine have
data indicating an excursion from a desired parameter value for each
problematic machine:

computing a good delta, the number of manufactured items having data
indicating no excursion from a desired parameter value between a first excursion

20 and a last excursion;

sorting in ascending order said good delta for each of said problematic
machines;

identifying a maximum delta slope based on differences between said
good deltas; and

25 setting a good cutting value at said maximum delta slope; and

listing said probiematic machines in order of most likely to be causing said
process excursion wherein machines having a good delta higher than said good

cutting value are eliminated from said listing of problematic machines.
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