A METHOD TO | DENTI FY MACHI NES CAUSI NG EXCURSI ON | N SEM CONDUCTOR
MANUFACTURI NG BACKGROUND OF THE INVENTION 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 —recogni zaswg&grﬁ%foﬁﬁmmemtgléﬁugmépéﬁgyﬁ;gﬂm? to
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Art. In sem conductor manufacturing, an excursion is a departure fromthe
15 expected result of a particular process step. The mgjority of excursions

are machine-rel ated. ThegabKaRHUND icsierHE m\%]q{pl]@m machi nes accurately
during excursion is inmportant such that these nachines can be stopped in a

tinegdy nmanner to contain further propagation of the problem Wafer lots

process througt_q% h%g@gﬁhgﬁ%\%ﬂgﬁessi ng steps in a wafer fab. Each process
rse

step may conp 8 machi ne and some nachi nes may be used

for mul tiple prseapsentdn diseRises TAIMBIHIR R IdR&HtFP fprOBIRRE FfacHiNes caugnﬁ_
conbi nati ons of machines makes the identification of the problem machine a

chal | engii§uUrHen in seaniepRducehmsanuiastuoag f ad,i mera partiselartyn aomethad that

machi nes | : ' L|:- e 1 .Ni mum
accuracy %POQTH?% %r}% (%)jgeg %tﬂéa?‘%ﬁniﬁﬁt{?gﬁ%qW@é@ﬁ%% u&gﬁ@@i%ﬁttﬁ‘?i al
nusio be anhtkinesdhafThre most frebablyefdulty sforeixearsice Gnalyes h ke ity of
data to deterfm' e the statistical difference between machi nes. Anot her
comer ci dAMPPVIACHNSh| e excursion analysis tool is Yield Mne. This tool

al so needs a great deal 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 str(ye tldesariptiontditheRelated dut.anal ysis at the earliest tine

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
manner 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 multiple 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 T
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




possi ble, there is a need for a nethod that is able to identify problem
machi nes 1 based on a m ni nrum nunber of wafer lots so as to speed up the
excursion anal ysi s. Prior art patent docunents U S. Patent 6,901,340 to
Pasadyn et al, 5 Patent 6,701,204 to Ni cholson, U S Patent 6,580,960

L9 N chol bt e Rt g8 o 10 sl bkt LR Puph °°°
5, 991, 699%analy$ial karm et al, and U S. Patent 5,665,609 to Mori relate to

met hods for detection of defects for inprovenent of production yield.
Anong these prior art, U S. Patents 6,901, 340, 6 701, 204 and 10 6, 580, 960

appear to be cpggehp ﬂ&@tleﬂi aec&meh&eupsepsfgnt 39% Phsad aéteélt u.s.

6,901,340 to Pasadén et al discloses a netho I stingul bet ween
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ai mensi oG Hao I ToPRG AT, R3S T RRleEhn 45050 T Midbars & A0 Pasell -
Patents 66,826, Z8tca0nholst 4, 639, Igﬁfént By 699 b KarRi ot 'éﬁ'a’a‘fdeuts) Pat@ﬁ’é hod
for findi n%§ oEer ation and tool conbination that causes int egrat ed

failure i® tealarbreladenter a@fffmdawtpr deteetiomef Hefeats fo imrovement af i ng
h |
| argest  noaduEud o aiaRg ¥C plich 3, O s RBRPE Sio TR T0L M A ne of

t hese pri 61589r960dappefantt<s t&ppkﬁelyt celateolvica the treskrithiatiehtiorabl 8.9, Pateient i f y
machi nes g%ﬁgmﬁﬁel r g atterns with a mninmumof two processed
waf er | ot S@%@zmqﬂ?oq foriditingrishifg beiMjestr SAHECRF t he
present i ovsiicked vhA i&?nfﬂhi 8 ! R
manuf act uri ng fab. A?\(I)t her %J"%gtﬁﬂve CBJ(E%% Cg'rggqsdé%rtlﬁllcﬁtﬁgg& [ 8§nved
i denti fy fe@blpcocansc baraseiens 4@h assfim dbivkness rar ritiealt drmetgsldm&) fogi ng a
m ni mim n(’i'i%?ént%ftm\évaiheer Jotrced o? 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 fo
identify machines based on their grouping patterns with a minimum of two

processed wafer lots.

SUMMARY OF THE INVENTION

25
It is 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 "~ asemiconductor manufacturing fab using a minimum number of wafers or wafer

lots.



lots. 2 Yet another objective is to identify possible probl em nachines
based on process steps and sort themin order of nost likely to be

probl ematic. In accordance with the objectives of the invention, there'is
di sclosed a 5 nethod that recognizes and uses the grouping patterns of

process mat er il %}Y tﬁér{){:@%@ﬁ\}e 1SRG %&ﬁ@gﬁbsgﬂgﬂe{ ;ﬁlro%ﬂstm RIS Ba&RPor ©

i dentify potentla 0p 0 machi nes asin € “excursion 1nh seni conduct or
manuf act ypriongss Flepsencisat them aoatder o reostilicbly tpbehpreblentatiche final test or
at any inline electrical testing, netrology neasurenent, or inspection at

different process steps. 10 The nethod conprises the following steps: i) To

identify machipegcddiahngs QA thd bjerailes doine iﬂv{ﬁ}ltigﬁ, ﬁ}e’é@'i@ f&lioddtf a

machi nes that produce all bad wafer lots for each o processes

det € m nedethodsthep recpgnizes iaind) uses thangoouping eatients o€ lpracdsst meaderidlibyst bad
waf er | ot g | ast d fer.lot. for machines jdentified.in.ste 1i). 1v
To wor k o(ﬂﬁggenéuﬁﬁ#‘ﬁ'%a%eaﬁf?ﬁve@r??% ePY i e “gpé"lt'fc% reni e@P‘?tﬁe ep :
(iii). v)machineswaeirgthenextirsionlinaRosicvad dtof maﬁuuféﬁeﬁﬁé.em@%kw%rbﬁ he

first 20 bad wafer |ot and the |ast bad wafer lot for machines identified
in step (§9Ud Re)a wicldopreblane al te forl tesl oe ateany duline leatriealntesting, of
good waf ' ' | VAR chines fromthe
list of %ghﬁngg r@?%%?rgﬁ%g&m%'ﬁhgg?é@q(ﬁti%‘ﬁérﬁgfﬁé&(%%%& -of f points derived
in s0eps (iv) and (vi). 25 viii) To conpute the ratio of nunber of bad

wafer lots to the tggt al nunber of wafer |ots produced by machines |eft
over from st ep! & Method compgises the fllgwingpleRy: t he i st of machines |eft

over from step) (vt )dentify machines that produce bad wafer lots.

i) To single out the machines that produce all bad wafer lots for each of
the processes determined in step (i).

15 i} 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
(iii).

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 (vii).

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.



according to the ratio conputed in step (viii), time delta fromstep (iii)
or nunber of good wafer lots fromstep (v) in ascending or descendi ng
order. 30 x) To commence yield excursion anal ysis on nmachi nes according to
the displayed order. 3 Also in accordance with the objectives of the

invention, a f t S urality of

machi nes for ﬁggeﬁgé%ﬂdgﬂc W@Itﬁ?dbi?glvﬁgﬁ?ﬁ%mggg&’ iﬁ%nﬁfé) Jﬂq a series
of process@temas d&bmed&mwnmg adﬂtnlrfaﬁtzl( dfamastines far [ﬁ@&eﬁrégiétpmraﬁwl ated
with the rranu{ ur ed it an excursion nonitor 5 adapted to identify

manuf act UF8guiaCEred es r%%ﬁ@@rlgﬁ&ﬁ ProGRssas g dptabgse sepeas adaptedita |~ and
bl | t

Tathi nes o a FBE6! dital RBLEACFhithTho caué.é%*%%ﬂéx%ﬁ%é#@%'on@hﬁﬁw '

DESCRI PTI| &0k pded m-llebm/mu@sfacnm'eﬁi itym&hahagsanaeﬂduwwhalom afdesirednet hod of

th t t . l.e of t 1 of t
et orioosSY Rl B don il Bedhio 1aeRises faridcstiioing S o coont
i nvent i orprobfeingistic %abﬁh@ﬁ%oﬁj&f&%@é} [iR '5539()?3 tﬁﬁﬁ%e“eﬁurélﬂﬁ present

invention. Fig. 7 shows an exanpl e of st resent 1nvention. 20
Fig. 8 shows an exanple of step 8 of the pr esent invent| on. 4 DETAI LED

DESCRI PTI ON OF THE | 1 uring, process

vari ation can be cau%@%&%ﬁgﬁén@g@#%m@%&ﬁégfornance drift over
tinepis one of the factors. The present 5 invention discloses a nethod to
identify problem machi nes _using a m ni mum nunber of wafer |lots so as to
speed up the &x8ut shewsanfewehart offhgunethpd ofithetpresen invandiopver vi ew of the
nmet hod. The present invention discloses a nethod that

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.



recogni zes and uses the grouping patterns of process material by different
machi nes at different process steps to identify potential problem nachines
10 causi ng excursion in sem conductor manufacturing. The excursion could be
a yield problemat the final test or at any inline electrical testing,

orocess of The i nventi B EugrRITERCRIP TN Of TERINVEREROR .S o obt em 15

wafers or two problem|lots of wafers through a series of manufacturing
process steps ,on a of machines. The wafers are tested at final

I it
test or at any" wgﬁﬁ@?%ﬁaﬁ@nmﬁqw@g PIPeeRp ysiationsiandie epysad khinaiWocess
f .
steps. Dahgdrs. mgeﬁuﬁes Pérfo en.ﬁig% 0% rift Bee gris o%%go@pggaéﬁﬁ? fﬂh@‘ﬁb&

par aneters I1n order to ers. enti Yy rTB.ChI nes
t hat5 pr odnv:@"ltimd dm:fcrsesl at methcd &0 pdantnfycaﬂobimh umachpined ugdingra Iminenumher e

are many sffe ng{? each roces c n run on man di f eren,}wggﬁ_h{' nes.
This st e WHER: 0 Waler 19tF Shcmitheeadhup (e, pYgirson analsiz-Jrighignt ilitiatasor s
or bad V\/éth@ro‘lf@&/{éw fofotfee Afdthed. trhe Bfé%%%%%n?éqtﬁfneﬂﬁscld:s% SXREGY tRSt

illustrated in Figure 2, there are four processes, nanely process A B, C
and D. Foecpgvzessand uses ﬁﬁt@nepwgzppttemsceﬁ prbtedmdnatefial byl differemtor

rocess 1 _and MB duc fer lots

P ocess dnabiBeRot AR biBRted celt ey ibrity ol Stabidihy inachies
proress Rausime exegfzide lmmémr ﬁién@@&uﬂﬁ%ﬁ eTI'hboéﬁcuréfBﬁmdlﬂ@ B3, MBL,
MB2, Mc, and 30 MD3 are identified as potential problem nmachines. 5 Step

2: Singl &/9ldt Pfqme%@ﬁmh@sﬂﬂﬁbtteiir 8t Rie 28Y| Inbiae eleckical Itesting, omelglagyof
t he procqﬁég | ne t%ﬁﬂg?é&oﬁﬁ%lﬁereﬁltﬂfcfcréés étt%féu ghl'y inprobable for nore

t han one samne S step elimnates all
processes WI th rmre t han one machi ne i dent i fied to 5 narrow down t he scope
of investigat I'Phe pﬁgc];eesgc')’rn %et ﬁwg'n on %egms a erp (datevc\:/%ntmg rat Ieast two problem
15 wafers or two problem lots 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 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 iofs, 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 Mgy and Mg, produce all bad wafer lots. For
process C, one machine Mg produces all bad wafer lots. Finally, for process D,
one machine Mpj; produces all bad wafer lots. Machines Mas, Mga1, Mgz, Mcy and

30 - Mps are identified as potential problem machines.




from process B cone fromboth nmachines MBi and MB2; hence machi nes for
process B can be elimnated. On the other hand, all bad wafer lots in
processes A, C and D conme from single machines M2, Mi and M3
respectively. Hence, MA2, Mi and M)3 are singled out. 10 St ep 3 Comput e
the tine deItaStQ ¢

occurring for T8 i ' ; S€ 3TTC ' xct uri ng
processesthe\mtbmssleetcmtemmaé@_rﬁ Sltémw a F| rst in Fi rst out (FI FO) sequence.
This is due tao,interr process caused by

tions in the manuf act ur | ng
engi neeri ng m&'nce.'ﬁé%ﬁg e@bﬁbi%@r m%ﬁeethaapnﬁdnaﬁ:me ta gaiftiad thesare
requests tlrﬁé‘dth"?ﬁl}é' n@lrﬁﬁ'a sEQFF F@c SHBE Wit RicPe tRarR Bl ASEBRE Sent %ne
problem 1t wll Tpfe elots rocesseda that machi ne.
af f et ed nastaw woin ﬂnlelmospe mfogeeﬁgatmm Rﬁemngtibemglmrechl the' tsadowafmsletsst ep

and disperse out as,the ve away to othe proce S In. this_step,
The t1 mo TRMRIOEESHaR OIP (RSN 5316! MBahInRss Ue! 1600 Mea DRRCH SRACHARS (81 o
are conpuirgfedyn cafmsalénﬁﬁnéteat @h%éldﬂ%rqﬁ’armﬂaul whoS&@Fbraotsl hl M mﬁ@ée%d in
Figure 3 are machines MA2, M, and MD3 at processes A, D which are

| eft overAf GoaﬁdsDe@@n@ feoro aanglwmaelsuaesdwm Muafand Mmsresmenhvwg, Hebeati |
and M3 cun days respectively. If excursion wafer lots
occur frce}gﬁzérwmyﬁt c&B%Ere Slgﬁ%ﬁtoqt] me frame for a particular process, the

probability of the process related to the excursion is high. Since all the
excursi on waf er Iot_sC rom |VCI.OCCUI’ on the same day, Mi could be the

probl emati ¢ ma2l§Pnd Calr gdelia between the first badmafam_@admg he
time delt Piai =) Flgure4 "tinme delta in
bet ween bvz?lr?uj%\/vfeldr’]}edr&e rrlri&ﬁ?]ﬁli%lcrhﬁ?ees?ige ""'_’d ep 2, delta fromthe first bad

waf er | ot appdarmneondud:tberﬂarﬁ,lfad:tadng/q;fremeslses walfer lotsmdrelgriollalvueFivét Ti
translat e[s ;Qstbo% (W?II'(% sleafjgn e[.o S|ss (1399 dﬂg E) |(raz e?*pup(%ltorr}gr|n%1tehrlnan8factunng
15 process caused by engineering work, metrology sampling, material holding,
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, Mc1 and Mp; at processes A, C
and D which are left over from Steps 1 and 2. The excursion wafer lots from Mao,
25 Mcs, and Mpz 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 Mc+ occur on the same day, Mg could be the problematic machine.

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

|2



short tinme franme. Likew se, a higher value of Ti neans bad wafer |ots
processed 5 far fromeach other or inplies that the process step is further
steps away fromthe problenmatic step due to dispersion phenonena. Figure 5
illustrates how to determine a T cutting value for process elimnation.

Let i represe 3 Sk, ka [.S t.e h S st ep,
as shown in Fir%g%gﬁb ﬁ]‘g@ggérﬁégﬁ%nd%ig%g‘n%étﬁ%%ﬁrb@gir\g’g%g?@ﬁomh&%&ﬁﬁ&&gSB. A
del ta sl djee dblia ficsn tiad fixst bhddvdfas kd appedidricerte e fashehredfer ot aMtge Ti +1.

The cuttin oint is_set at the maximnumDSi. This will be the T cutting
val ue. | fsm%lb‘fré/a'qesOﬁB' analaigs tebadmmieniots preressed near rach athes Wiin Be set

to a certgy | Th i bl ting
val ue use ({‘ho@ﬁgﬁgégﬁ%sﬁlﬁw%ﬁ %hﬁ@%&%?gﬁ%agﬁgﬁw %ﬁg@% ﬁ?—egrs’ go good
waf 5 | otfar fretweach other for irsplidsthadiiee prodess stapdistfhghéestepb atvaydfam thet

occurring_ f chines identified in step 2. Simlarly, if there are no or
not rrany%B&?’ﬁ%‘f%?teP&tL‘? B 'Mﬁ'%ﬁ%ﬁ?na-zo lots, then the probability
of the process' being related to the excursion is high. As illustrated in

Figure 7, the nunber of good wafer |lots in between bad wafer lots G is
conput ed for cghrepd dstratas: kpwy tedetersinenarkcuiting aatust fooprogessnt deri ved

fromthe her.  of 0 fer lots 25 ohtainhed in step.5. This is the sane
L ot ep ASMTREfia L8Pt et cnfh Dradin B68' 18 olhellsd ot ea sttt o
goorh waf estepods shevmireRid. B, Bintidor@saidn! 2sbnding oMaéeas! shownGh Higr sBagh
process step i. Then, sort the calculated G values in ascending order. A

delta sIqRi&@ sleps, DS isgalculaled basedan difemndesrhatwesn Jeenddit G Thed G +1.
Th tti g it o : i i JThi-s Wi t tti
Tatue | {EUHin pBRL T stutific ibanlith K THR Wifibe (8l Podtinh ife, P ufareLLt (0
to a certiaino geiowsinakenuh D5Bi, thd-Tqutindvalhewande satdor eertdin @etEantild | ng

val ue us?fg_lt.o . progess elimnation._ 7_St 7: Rem)vg machi nes fromthe |ist
of machi f¥slis %lr%g S an g;@pp% of a T cutting value used for process

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
illustrated 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.



using the cut-off points derived in steps 4 and 6. The list of machines
singled out in step 2 is further filtered by renoving all 5 machines with
delta tinme or nunber of good wafer |ots higher than the cut off val ue
determned in steps 4 and 6 respectively. This neans, machines are
el imnated for having higher than either one of the two cut off values. In
the illustrated exanple, nachine MD3 is elimnated fromthe list. 10 Step
8: Conput e t heStept 7:0Refmdvikemaohibes fajm ake Uiss o mavhiress Siagkdt suttihestépal
nunber of wafr Iots roduced b _the machl nes in the list after step 7.
After S : £a N ${8p8A4t8nd 651 obl enmti ¢ machines is
dramatically r | r
| ots processeﬁq?ﬁ%fgﬁgﬁwn%g égﬁqtﬁgs ?r?’%ﬁalgseré"ﬂrg{ﬁrgﬁ%geéﬂg?@%ggn Igt ed
f or ®ach rmachmehiwith d&dtadnrderrg noembeg wf godd Fatert lotd highendhan thetsit afe bad
wafer lots fro 3 ut of 100 wafer lqts are bad wafer lots from
vei < o Val® it B sfead #1500 & TEeRAERe oibiTBRARS CTRRERER eSS g
the eXCUféIIr@iﬁatéd‘chrhhéwﬁéerﬂghé’r thatrh@nhéﬁ bRedf &%egﬁwf@a%fpb [BEEUT @ @ waf er
lots to the total nunber of "wafer |lots produc t he macmes 'S
conput ed. filwfﬁeéﬁxgmmrmaa}mdeM[sap‘-ﬁ&im‘llrltaiedﬁmm the hﬁchl nes left over from
step 7 according to the ratio conputed in step 8. tine delta fromstep 3
or nunber of good wafer |ots fromstep 5 in ascending or descendi ng order.
Theigati o Bl cSrpu:cComputs B BiibDfUse tuhtbey Ot lexbiBidrewaidhiog thaedtdtap 25

fromstep 7 for ]process steps with multiple ITB.ChI nes. The rati o can be
sort ed i muBbenalwaterdotsinrgdugedipy thenanaghinesda the tistee &s di spl ayed on

the top or boAﬁleS?%pé he i §t tﬁétnﬁrﬁﬁem)&t B{eﬂﬂgplp?‘%@%ﬂ'@h‘é”mdcﬁl cly nes

dependi ng on the I N whi & e aPran rocess stéeps using
a single dmn‘ratm:eilytneduce@rraThengatmcbf riaecs:ufm@'lmwafep I@tSMtd» ltotet wafelr eldtsusi ng

time delta cal cu ste or, nunber of good waf | ots_derived in
step 5. l\%f@ﬁ?ﬁ%%‘l &i"’PHg %ﬂﬁé 'eﬁe‘P‘t’eA' PMySh rarﬁtﬁé%‘l“atﬁd s RASkAT er
| ot $5 havemBteing! ABESHRIY 1d Itllf;uﬁaf 8 P& blflof 16 wafer lots are bad wafer lots from Mag,

while 3 out of 100 wafer lots are bad wafer lots from Mcs. Maz has a higher

A}

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
i produced by the machines is computed. | .
20

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

to the ratio computed in step 8, time delta 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 remai'ning 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 -



probl em machi ne causing the excursion. Two lists of possible problematic 8
machines result fromthis step - one list for process steps using nultiple
machi nes and one |ist for process steps using a single machine. Step 10:

Commence yi el d excursion analysis on machines according to the 5 displayed

Che. i1 st epREBSTEuF RO R SebroRFlidbRbibcs FIR dad i P Rpatigd = ©"

Advant ageandbne liet fonypesddserstdfs Tibing 4 Singld in@bhing, very efficient and
effective for excursion analysis. It can identify a problem machine at the

process causing the excursion even after only two probl emwafer lots are
detected, whil g
detected. Since tne i ern mact S S e
mni i ze @snialvedmderrrpact to the pr oductlon by stopp| ng and fixi ng the 15

pr obl em nmachi n@erruch sooner, This invention orta&ﬁt he nost robabl e robI em

machi ne and prd2¥sBIAGESERNGINGSTS 2B Fnofiel is,9Rdhe machings on't

| nvest | gigtOMAS ik EHIROoIMARINBERNESGah R GI8AARLL Na. Thi's i nventi on

al so works very well for manufacturing processes wih |ong, conplicated
process steps and nmachi ne conbinations. 20 7. Alternative Exanples of the
| nvention The eﬁucgnc of s (ﬁﬁ Z‘ﬁetéﬂj Is not fixed. The invention can be
used for identli A3 H? I¥husi ng excursions or abnornmalities
detegted at anyhisphesish @%}‘4}/ @ﬁiléiténﬁ%nﬂﬁéﬁéﬂtﬂgWoF%&éWsﬂfﬁBhﬂys:%| fCédri cal
characterjzation, visual 25 inspection, and final test. In addition, wafer
level datidentifyiappRiem machingeat e prosess CBQSIOQéBGtQ?(CuE&l@TI evee afies only

pr obl emat | t t

B condubo PRyl Tk 21E, GUESRE, WHIKSIEL Broth s KR iedliehd propinay
manuf act wvafey lotsdo dierdetected. Since the problem machine can be detected earlier, we

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. ‘ '
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



30 Data can be stored for each manufactured item (for exanple, for each
wafer lot or for each wafer) in a database system for exanple. An
excursion 9 nonitor, for exanple, can conpare the data stored in the

dat abase systemto desired paraneters in order to identify manufactured

oy oF i . ; ; |
or oy oAl 1 A AmgR AT CORE O ThE 58 A6 A LBk it
st eps 2- Yddsiregepararheterseinobedaredo | identifgf marushétarad iiemeahaneshibit @mough

the preferred enfhodi nent of the present invention has been llustrated,
and t hat $XUR'ARITPR ShIaYERD PREaMeter yatug. | A problamatiomachigg dentifiglefer ood
by those skmbied chR t an d fil, cat i detherein
wi t hout 10 del%)a’r tci ngb ro'?rgli t%ﬁghgrf)iérﬂi ?f %ﬁﬂgd@? r#\)/e dleg%@om%/rog%ertgﬁeﬁsstc%ﬁe of
t he @apperprotilencatici machibésCLAI M5 1. A nmethod for identifying nmachines
causi ng process excursion conprising: processing a plurality of

manuf actured items through a series of processes 5 on a plurality of

machi nes; obt sARdIghAhe PrefredPéRbbAIMSRTY thé pﬁé’s!éﬁmﬁ)éﬁiiéﬁh%gﬁe'nt ens;

i dentifying problenatic machines for each process ereln sal

manuf act ulésiratednancpihed éerse bas beenglessebed pr defedsit will bairehdilyaidessthade dat a

i ndi cati rSi [ desired rapeter value;, and 10 |isting said
pr obl em{}g’cﬁ‘%ggﬁ"%ﬂlgé 'ﬁﬂh‘%?ﬁgba \far%%‘tmp&@ggt M5 a@?gﬁéﬁ?gmw't PYcess
exclu si ordepartidd frofetheoshinicsfangiimgrition@rdtdh thaVBesss Bf Sl dhpaineiedssi ng said
plurality of manufactured itens through said series of processes on said

pl ural i t Yo¥MSyachi nes 15 conprises processing a plurality of seniconduct or
wafers in a sem conduct or

10



manuf acturi ng process flow 3. The nethod according to claim2 wherein said
processing said plurality of sem conductor wafers conprises processing
said plurality of sem conductor 20 wafers grouped into | ots of wafers and
wherein said data indicates an excursion for alot if all wafers in said

| ot indicgfgipg excursion froma desired paraneter value. 4. The nethod
according to claim1l further conprising elimnating fromsaid 25 listing
of said problenmatic machi nes any of said machi nes associated with a process
havi ng m),[ tzﬁn ‘%He Ess.oci ed machj ne wherein data for said nmnufactured
i tems for ‘mor ¢ {MEHROE AR IGSRHYING MECHRERi GAUSINGIPTPRESS BXQEEIE COMPIISNGes an

excursion. 30 grocdéangal MAIiBFEMEhDacFenliRing ﬂwr{n?%h g%‘éﬁeQB‘PEP kb&
machi ne, further conprising:” conputing a tinme delt et ween I st
excu? si oremadluraliynf reachings;on. 11 6. The nethod according to claim5

further conprisi.ng: rting,in ascendi order sajd time delta for each of

sai d probl enat%a%r'{ﬁﬁisﬁhgﬁd%taiﬁéﬁﬁf Q?E@d&mﬂﬁ'ﬂf AdeMS sl ope based on

di ff erences betergmirgab@bldmatic Makhnes f@f‘éac%?b_?dc@gs@vﬁeir@iﬁs%‘iﬂ“ ng val ue at
0cC

said maxi rum delta slope. 7. The method according t aim6 wherein if no
maxi mum dappefastypd liegs progegsed Buadgh saiddprocass outseichmachingdhave data at a

parti cul : i : Lrst, Li ta. 8. The nethod according to
claimé®6 %g@gfﬁ&%&ié&&ggﬂ?rﬁ%h{%daetéskgﬁ&aﬁ%ngfedérraluesang time delta for each
of @i d probl distihgcaithpiubieaatto machirks idicreeeyi mestikelly fhbd cagsiAglshrp i n a

graphi cal representati on and thereby identifying said maxi rum delta sl ope.
process excursion,

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

15 comprises processing a plurality of semiconductor wafers in a semiconductor
manufacturing process flow.

3. The method according to claim 2 wherein said processing said plurality of
semiconductor wafers comprises processing said plurality of semiconductor

20 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 pafameter
value.

4. The method according to claim 1 further comprising eliminating from said

25 flisting of said problematic 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.

30 5. The method according to claim 1 for each problematic machine, further

comprising:

computing a time delta between a first excursion and a last excursion.

11



9. The nethod according to claim®6 further conprising elimnating from said
listing of said problematic machi nes any machi ne having a tine delta higher
than 20 said time cutting value. 10. The nmethod according to claim1 for
each probl ematic machine, further conprising: conputing a good delta, the
nunber of manufactured itens having data 25 indicating no excursion froma
desired paraneter value between a first excursion and a |ast excursion.

11. The ntet hodTra&:nthd)d\gcmrdu'lgadiomla@ Btfuttherrcmnpm:hgj ng: sorting in

ascendi ng order_ sa ood eI ta for ach sai d | ematic 30 machi nes;
identifying a ?Péﬁ Mng "@quf @?&h@g§a'gé7tr%'§ﬁ‘%‘t5’l d good
del tas; andcHidesetting a good cuttl ng vaI ue at said maxi num delta sl ope.
12. The method accor di ng to claim1l wherein if no maxi num delta sl ope can
be fdund, sai ddgoiifinga Maximuel delta slope tbased anpdifferencea hepreerm saidl timef a
first go (ﬁe% dghéa 13. The nmet hod according to claim 11 wherein said
sorting i Se ing order said good delta for each of said problematic

machi nes conprsng dlitime @Mtt[hg vahidlat 098G shamuns dbifa élo%baph' cal
an

representation thereby identifying said maxi num 10 delta slope. 14.
The met hod according to claim 11 further conprising elimnating fromsaid

listing sai hi havin oo del ta hi gher
t han salofj goo ﬁ1 hﬁ%ﬁ“ggbg '!%Bé]fgén %f'%%% tﬁg rﬁ%’&ﬁwg" ﬁs PPa‘i% 1 for
eacho pr olbeefoamids sanlcﬁme@uttfng vahes is satmtrd partigular percentile of a first time

delta.

8. The method according to claim 6 wherein said sorting in ascending order
said time delta for each of said problematic machines comprises displaying said

15 time deltas in a graphical representation and thereby identifying said maximum
delta slope.

7 9. The method aceording to claim 6 further comprising eliminating from said
listing of said problematic machines any machine having a time delta higher than
20 said time cuftting value.

10.  The method according to claim 1 for each problematic machine, further
comprising: |
computing a good delta, the number of manufactured items having data
25 indicating no excursion from a desired parameter value between a first

excursion and a last excursion.

11.  The method according to claim 10 further comprising:
sorting in ascending order said good delta for each of said problematic
30 machines;

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

12



conputing a ratio of the nunber of manufactured itens having data

I ndi cating an excursion froma desired paraneter value versus the total 20°
nunber of manufactured itens processed by said problematic nachi ne for

each said process. 16. The nethod accordi ng to claim 15 for process steps

havi ng nul ti p'@ettlrg@‘égﬂd?ﬁsc H%bglﬁ% £Y t%%l{) gg said problematic

machi nes i n ascen I'ng or e sal i 0 for each of said
problenatlc nachlnes 17. The met hod accordlng to claim9 for process steps

havi ng si ch| further conprising sorting said problematic
machi %es "RBO‘@)PCB"’JQH%@ ‘ﬁ@'ﬁgﬂ&é’\’h%ﬁ’@gﬂe m@%‘%”ﬁéﬁ%sﬂ‘)@ﬁ @dch of

said pr Obcbé?ﬂmridc sﬁﬁdcébdl?(iuttlﬂlé vl\ﬁ.h e iSRet E?E?féﬁtl&ﬁ%&b@ﬁtilé%f%‘ fﬁ%ﬁ;&fh for

process stePs havi ng single I nes, er conprising: sorting said

pr obb enatd&tarachi nes i n ascendi ng or descendlng order of said good delta
for each of said problematic machines. 5 19. The nethod according to claim
14 wherein said step of obtaining a set of data for each of said

manuf act ured lrwmdtﬁo@gbémi@toaélan‘m Aalwh&ein £id %brtﬁli@Yn'd%'céH&m Jrgst ri cal
testing, netrol o[ci/ﬂltrreasur enent’, i nspection at différent procéss steps.

10 20. A Saidgeradidaitafgr sgeh @Frﬁaldmfpbluemai@ machings sbhpyises dirpdaying saidor
] f f t.h f
D1 ocessesdbdtBetis T d Yty e B8R AnEfTherdn QBvE Et Frltiuct ur e

itens; Ideltmeslopefor identifying manufactured itens having an excursion
froma

14.  The method according to claim 11 further comprising eliminating from said
listing of said problematic machines any machine having a good delta higher than
said good cutting value.
15
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

20 number 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:

25 sorting said problematic machines in ascending or descending order of said
ratio for each of said problematic machines.

17.  The method according to claim 9 for process steps having single machines,
further comprising:

30 sorting said problematic machines in ascending or descending order of said
time delta for each of said problematic machines.

13



desired process result; and nmeans for identifying and |listing problematic

machines in order of nost |ikely to be causing said excursion. 20 21. The
manuf act uri ng system according to claim 20 wherein said plurality of

manuf actured itens conprises a plurality of sem conductor wafers. 22. The

manuf act ujé ng $ys Hed, J [ ity of
- sem condu{: ‘or -\Eva ers g%%g{;&lge a p ﬁgﬁfﬁﬁpwgég#&sﬂﬁ(}é&% fers grouped
into 25 Imﬁshmbsmﬁlfrhescantﬂ)rwn'@rel n an excursion is indicated for a lot if
all wafers in said | ot icate an excursion froma desired paraneter

val ue. 23. TheS‘?FHﬂgnsﬁ@thPp %%'F‘@ﬁh@@éd‘?‘aﬁﬁ%qiﬂg@rgﬁﬁﬁ?@wlmémr&fﬁlf’d
means forg odﬂjﬁ?l'té‘fd}%a%h saﬂf rTgm nﬁﬁﬂmé&f said manufactured itens
0 I'ne elec

conprises fin test or trical testing, netrology
measir enent, or inspection at dlfferent process steps. 14 24. The

manuf act u 'ng ste cor d| o.cla wherein sal means
"Gont L1 yi 1y mar TS GF R oo A BrE S A G RBIBRI ? 86t BF ocess
resul t camrfbrs@écw@maIrﬁ@n@@b@r&ﬂtérﬁsqs%H@nﬂ@a'art ﬁﬁaptregf:&sﬁt é@ﬁ.ﬁhﬁef or
each of said nmanufactured itens at each process step on eac chi ne

25. The nelacirigst igsting, l§9§’9@|@%’aﬂ@aﬁtﬂen‘@m,mmhweﬂt®ﬂ atidifferent paicdssreans for

i denti fylé}g gnd | isting problematic machines in order of nost likely to be
causing Sard excursion conprises identifying problematic nachines for each
protegss wherein said manufactured itens processed through said process on
said 10 ITB.ChI ne have data indjcating an excursion froma desired paraneter

val ue. 2620-TheA maanifaeiuing systopat GmpISEg:di ng to cl ai m 20 wherein sai d

reans 101 | deqbl )6 LS (P dr A A BN oG AR b pLfEg | T0S!

likely to be causing excursion rises: nating from
sai d | i stthnougif a serids pf phdomsees;c nachi nes any of said

means for obtaining a set of data for each of said manufactured items;
15 means for identifying manufactured items having an excursion from a
desired process result; and
means for identifying and listing problematic machines in order of most
likely to be causing said excursion. : |

20 - 21.  The manufacturing system according to claim 20 wherein said plurality of

manufactured items comprises a plurality of semiconductor wafers.

22.  The manufacturing system according to claim 21 wherein said plurality of
semiconductor wafers comprises a plurality of semiconductor wafers grouped into
25 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.

23.  The manufacturing system according to claim 20 wherein said means for
obtaining a set of data for each of said manufactured items comprises final test or

30- any inline electrical testing, metrology measurement, or inspection at différent
process steps.

14



machi nes associated with a process having nore than one associ ated nachi ne
wherein data for said manufactured itens for nore than one associ ated
machine for that process indicates an excursion. 20 27. The nmanufacturing
system according to claim20 wherein said nmeans for identifying and

listing ppgbl nfarlREURRT s}ygte?ﬁ g@%oﬂinotﬂﬁsélaikﬁ Eﬁl%eithinbseai& AIHAG oy S21 d
excursion further conprises® for each pr efrati ¢ nmachine, conputing a tine
del t a bet idestifying inasufactoredritings havidgaan eesdursisnn drohh ardeshednotestorasalt

ascending order said ti.ne de for each of said problematic machi nes;
ent 1 yi PGSR EABRPEEY 2 L0 98¢0 SRELRoT PP IoEP b real B ERER AT SHAG 11 e
del t as; smahufw@rewif@ngatéampyc%ésgfépeagléécﬁ&ﬁéémme'ta sl ope; and 30

elimnating fromsaid Ii1sting of sai obl emati ¢ machi nes any nachi ne

havitg a tine delta higher than said tine cutting value. 28. The

fact usj di | ai m 20 I e] i d f 5
dent  1yi 28 anihe M RECEHOB RN oRudiiciod i o qERErEn L maaedPl <o be
causing  igaht akﬁ@'liﬂihg; ﬁfdﬂl@ﬁaﬁ@ma;chmrinf&deﬁ@mo&rl%hﬂ%é Baliis§i ne,

conputing a good delta, the nunber o manuf actured itens having data
i ndi cat i nRIA@XeWEi comprisesidentifdng peptiematie machines,for eacheroesss a fir st

. _ ity O " S rese a
For each eI gefinaffichiod Mot blddelse R3S ShBPuBkest Al elierta sl ope.
based on miathizcammesdatatingientisgad exeaisielrbasa dedPed phtdmetervaied cutting

val ue at said maxi numdelta slope; and elimnating fromsaid |listing of
sai d problematic machines any nachine

26. The manufacturing system according to claim 20 wherein said means for
identifying and listing problematic machines in order of most likely to be causing
said excursion further comprises:

15 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 manufactured items for more than one associated machine

for that process indicates an excursion.

20 27.  The manufacturing system according to claim 20 wherein said means for
identifying and listing problematic machines in order of most likely to be causing
said excursion further comprises:

for each problematic machine, computing a time delta between a first
excursion and a last excursion;

25 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;
setting a time cutting value at said maximum delta slope; and
30 eliminating from said listing of said problematic machines any machine

having a time delta higher than said time cutting vaiue.
28.  The manufacturing system according to claim 20 wherein said means for

15



havi ng a good delta higher than said good cuffing value. 29. The

manuf acturing system according to claim 20 wherein said neans for 15
identifying and listing problematic machines in order of nost likely to be
causing said excursion further conprises: for each problematic machine,

conput i NGiganfiid - BRen i MALA
I ndi cati nlg Qﬁﬁg’%ﬁ!‘%m é}lgm a %lﬁfésﬂa gﬁiﬁ%‘éﬁg?ﬁ%ﬁof @gﬁgg@épg%s%%q ot al
nunber of saidextarsiar Rother eomppisesessed by said 20 probl emati c machine for

each said procgss; and sorti.ng sai.d probl ematic chines in ascendi ng or

descendi ng or _QFeaf:ﬁ?5?@9"}35‘?%3?&35‘9%9@”%%980 (GHPe g MEMRaEe nes. 30.
The manuf @ghufdohgre@)&nehadA b‘é&é‘ﬁo‘i&tﬁ%ﬂ&b%ur%ﬁr fdM asd’é&e@ie[f%ﬂ’én{e?ér 25
identifying and listing probl'ematic machines in order of nost Tikely to be
caus? ng ug bekeesrs adinstiaxcursion aod lastexcursionpr ocess st eps having singl e

machi nes, sort] | ropl ematic _.pachines in ascendi ng or, descendi ng
order of said ﬁ}ﬁ@am&%gﬂ}(@?g 85?&“ Séf&g%?%%eﬁ?é?ﬂ gfgsar@!?mm%@?%%o 16 31.
The manuf@mathiheBg system according to claim28 wherein said nmeans for
identifying and listing problematic machines in order of nost likely to be
causi ng sai d @gBiifyiidod nfaximyer delenplops dasetion gifferancesdebween sgidrgpas ngl e
machi nes, y§@fting said problematic 5 machines in ascending or descending
order of sard’'good delta for each of said problemtic machines. 32. A

manuf act uri ng sottingengonangutting RgluedatBait Maxinviuef ddecslbpesariddr processing a
plurality of néalnufa tured itens.. 10 throu a series of processes; a
€

ens . rough . ! .
dat abase” ser veFIMIHaHRG fromy saiddisting of saidprohlamaticsmashines @nyi macking d
having a good delta higher than said good cutting value.

29.  The manufacturing system according to claim 20 wherein said means for
15 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
20 problematic machine for each said process; and
sorting said problematic machines in ascending or descending order of said
ratio for each of said problematic machines. '

30. The manufacturing system according to claim 27 wherein said means for
25 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.
30 '
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manuf actured itens; an excursion nonitor adapted to identify manufactured
Itens having an excursion froma desired process result; and 15 a

probl emati c machine identifier for identifying and |isting problematic
machi nes in order of nost likely to be causing said excursion. 33. A nethod

TmOLr Bt §§f;} T he ﬁ]%@ﬁ%%tp}’iggggg@g. %g@@rgﬁ% Y88 %@%ﬁ%ﬁ& oag78Y1 di NG a

processi nigestifyihgohnd dtirigyprableraéies machirmdsdh orderedfiriestaikehy 0ARS6QTsINGI NY
said plural,i t’%HOt chi nes wherein a database stores the tine of

processi nSAIEEXEHEPHIUthescaMANses] ity of wafers; obtaining data for each of

sai d pluralitygof r Sopd A gr% ' f@eﬁ i ..each process
wherein said 2@?&%\?%8%%%%% g?ﬁ\h}gfs‘ér‘@ggﬁ%cgﬁésé bhﬁ] oug{j: pgﬁrﬁgﬁ%?lgcess on said
machb ne hemaehithesdn asneinding iongleacemding msdenof saidrgeod eelta dor geutaofesaid val ue;

and |isti nl%@ al d.(grob emati ¢ machines in order of nost likely to be causing

said proR@PEBtGMAcHINessy 17

32. A manufacturing system, comprising:
a plurality of machines for processing a plurality of manufactured items
10 through a series of processes;
a database server adapted to store a set of data associated with said
manufactured items;
an excursion monitor adapted to identify manufactured items having an
excursion from a desired process result; and
15 - a problematic machine identifier for identifying and listing problematic
machines in order of most likely to be causing said excursion.

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

20 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

25 semiconductor wafers processed through said process on said machine have data

indicating an excursion from a desired parameter value; and
listing said problematic machines in order of most likely to be causing said
. process excursion.

30
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