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Unfortunately, such an experiment using conventional techniques requires manual intervention
and manual tracking of results. Accordingly, the engineer or operator performing the experiment would
obtain a number of semiconductor chips and process them outside of an automated (e.g., production or

25  mock-production manufacturing) environment. Thus, the products on which the experiment is
performed need to be removed from the automated environment, which is both time-consuming and
allows for the potential introduction of extraneous factors which may ultimately (and inadvertently)
affect the results of the experiment. In addition, such removal of the semiconductor chips makes it
difficult to coordinate manual tracking of changes or experiment history, and to control experiments

30 and to analyze overall results.

Consequently, for research and development engineers, operators and other users working in
factory settings, there remains a need for experiments on changes to existing processes to be flexible,

easy and traceable.
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Additionally, information indicating a state change of the experiment request may be published,
responsive to a document attached to the experiment request or to a change in state of the experiment
order.

Moreover, the experiment may produce at least one test product and at least one production

35  product (i.e., a control, which could be, e.g., a product which was processed before or after the test
product, and which was processed according to the base process); the processing data may include an

indication of the base process, the changes to the base process, and a split-off of a control set (i.e., the
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25 Figure 12 is an illustration of at least some embodiments of an experiment.
DETAILED DESCRIPTION

The following detailed description includes many specific details. The inclusion of such details
is for the purpose of illustration only and should not be understood to limit the invention. Throughout
this discussion, similar elements are referred to by similar numbers in the various figures for ease of

30  reference.

As indicated above in the Summary section, an “experiment,” according to at least some
embodiments of the present invention, is a pre-planned deviation of at least some portion of a base
process utilizing an automated environment. Typically an experiment is performed on materials, such
as semiconductor chips, that are produced as a result of the automated process. Also as indicated

35  above, at least some embodiments of the present invention envision that experiment management
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30  test products 109. The invention thereby allows users to submit experiment requests, create derivations
of base processes, and to track the status of experiment requests.

Reference is made to Figure 2, a flow chart of an overall process for experiment management
according to at least some embodiments of the present invention. The four conceptual stages (as
mentioned above) included: order management 201, Manufacturing Execution System (MES) setup

35 203, execution 205, and analysis 207.
At the order management stage 201, further defined below, the experiment order is defined.

Typically, an experiment would be defined in the experiment order as a set of requirements, and may be
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These documents may then be reviewed by other users.
At step 307, the user (or automated entity) determines the changes to be made to a particular
30  base process. The user (or automated entity) may also determine the base process which is to be
modified. Also, at step 309, the user (or automated entity) will determine when to split off a lot from
the control set, and the lot-specific transactions that are to be made. At step 311, the user (or automated
entity) determines what recipe changes, if any, need to be made. Having determined the specified
changes to be made to the base process, the system receives and stores the changes as processing data.
35 At step 313, the experiment, as it has been tweaked by the users, is sent for sign-off, described in Figure
3B. Atstep 315, if the experiment has been approved by the users, the process ends 317 and the
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Reference is made to Figure 5, a flow chart of an execution stage 205 of the overall process of

30  Figure 2. At this point, the experiment has been defined in processing data which can be input to the
automated environment. The experiment can then be processed in a manner which is transparent to the
automated environment. At step 501, the automated environment receives the processing data for the
modified process. At step 503, the automated environment executes a step of the processing data. If
there are any test results to be stored, at steps 505-507, the system stores the test results. At step 509, if

35  processing is not complete, the automated environment returns to continue processing at step 503.

When processing is complete, this stage ends at step 511.
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st at e, pI‘IOI‘ tO ective state. ctive state’1s entered
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attache@ieew@@nmger@@bmmm@ﬂwﬂd/ or files, and a user-defined state nodel.
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to be ué(%ﬁilpfaﬂf \ﬁmﬁl@ﬁﬁch @ a%)warlf%gnt eBifo! Here, the user may provide information about the
experiment 811, about experiment attributes 813, and optionally about experiment category 815.
Experiment information may include an objective 801, which may summarize a description of the
30  experiment. Other experiment information includes requestor identification information 803 (for
example, name, e-mail address); the basic process or state model 805 for the experiment; and optionally
an effective date 807 after which the experiment request will expire. The information collected in this
initial interface is associated with the experiment request.
Reference is made to Figure 9, another aspect of an exemplary user interface for the experiment
35  editor, illustrating attachments used in connection with at least some embodiments of the present
invention. In such embodiments, documents such as files, memos, forms, web addresses, etc., without

limitation, may be attached to or otherwise associated with the experiment request. Figure 9 lists, by
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Also, accordmg to at least some embodiments of the present invention, changes to the

experiment order are stored in a history. Stored changes could include changes to native attributes,
30 external document additions/deletions, and associated with other objects.
Consider an example of an experiment, with reference to Figures 3 through 6. In this example,
the user wants a specified layer of a chip to be 10 % thicker. The experiment in this example is an idea
from an engineer. The experiment request is defined by a user, and submitted to the system at step 301
through 303. It could be a very general request with a simple textual description. An experiment object
35 s created for the experiment request, and the experiment request is routed to the appropriate users for
approval, at steps 305 through 313. The approval may be automated, such as delivery via e-mail

awaiting a marking as approved. As shown in steps 321 through 329, until sign-off is received for the
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not limiting. Vanous changes may be made without departing from the spirit and scope of the

invention as defined in the following claims.

30 For example, it would be possible to define an entire experiment from scratch. A typical
semiconductor manufacturing process is 500 to 750 steps, so it may often be more efficient to define an
experiment as a variation from an existing process.

As another example, the controller may be a general purpose computer, a specially
programmed special purpose computer; it may also be implemented as a distributed computer system

35  rather than as a single computer.
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q . ) . . L . bl ¢
oper o 1SR bR AR LB el oL PSR PLESRIRGATEC, 0
exper i néatgestodhy expérithent prdersfrcat atriepsteond obthonsersgaraitredepangtthaappowveliforthof the
experi ngl Eﬁ"%"gg‘rdeljm’t“?a‘@%ﬁ‘gﬁfﬁﬁepg data suitable for inplenentation by said

autonateg envi ronnent; ‘causi ng the experinment to be executed in
conjunction with at | east sone portion of said 10 base process by the
autlomat®d enthermenthadref clainnl, ferther epapsieingibe Rrep off aitaghingedoswineidp t@ shegxppimeThe

met hod Q@f..el aim 1, wherein the obtaining step further includes the steps of
storing data defining the experinment order, distributing the experinment
order to a plurality of users, obtaining changes to the experinment order
from at4| easthegprghodrof elpign | Surther compdisipg the sigp plppuPhishingdpfopuasion fndicatinge state
exper i ngateeQf fe xferitidh@tqub 8 aedpoii@ b8 Bbcumdm aBachdd® (HE&PAn&M reghddl dtd a
further conprising the g%ep o# attachi ng docunents to the experinment

r equestchasge imgige geihpgpedmert Pde 1, further conprising the step of
publ i shing information indicating a state change of the experinent

reqeests. r espRAsdea of Blaith [ aGURBINhe @inklaedatptfatichmcladdeld siEpif raceidigde or to
a

processing data.
6. The method of claim 5, wherein:
the experiment produces at least one test product and at least one production product; and
wherein the processing data includes an indication of the base process, the changes to the base
25  process, and a split-off of a control set; and
wherein the split-off of a control set produces the at least one production product according to

the base process and the changes to the base process produce the at least one test product.

7. The method of claim 1, further comprising the step of receiving and storing the results of the

execution of the experiment.

30 8. The method of claim 1, wherein the automated environment produces semiconductor

technology.



change in state of the experinment order. 20 5. The nmethod of claiml,

wherein the translating step further includes the step of receiving the

processi /iyodaw#ro1s6. The nmet hod of claimb5, wherein: the erpgriseemsspr oduces

at | east one test product and at | east one productlon pr oduct ; and wherein
B

t he progessi Kg%dat udgcg i.ndi c ?gexfpenme 6H6Eg o1 ocgt%%pm ! mchanges

to the base “rt%rz:“él | Syé“’?ﬁ?f T8 erern the

spl i t - ofeéhnofogy compri sirgg: set produces the at | east one productl on product
according to,,.the base. ss,and the ch S as C roduce
the at |east’8ne 16 erm?eo’gffg?r the eXpEmente rolgel ?‘“%f“;eaﬁ% Sfmeg E%“r(l)%(r?r%%oalrorpr| si ng
t he st el;msoﬁromes:cmpabchzpa:du@mmn agorhdv@l enesarintest;of t he execution of the

ein the a env.i r onment

o bdlces sentBon B va b Seals ™ e st b R BrSopts B8 s T g A

conput eordernpl enent ed system for managi ng experinents relating to automated
S U b Ler R A TR e e e S S St R
oper atiﬁgnhﬂeammmulecbxmmmd@md 5 (B) an appr oval of the experi ment

order, obtained in I 85D Ft\ odrecel t of th erl B (O
. wh I‘el omae nVlI’Ol’l causes eex ee CCU h
processi ng a sui PatTon envnronnent

t r alk| atapphnctfonovithait lelm arsne ;a»rqmnrdf szod]basé protess bithe aﬁtmaattbd mvderlmenamd (D)
wherein sald aut.o nvijronment causes the experiment to be executed in

10 conj it ?"S%W\'M ep?%ceﬁ%mﬁdfltgsorre portion of said base process by the

automated environnent, in accordance with the processing data. 10. The
syst em B cl Biersy9¢m phdaia % whereinaippppowd! fifrther indndds sofeddets defimargtic dat a

def i ni ng, g,)EJi}ﬁem G2PER bilEBhe ro‘?ﬁgeﬁnq{eﬁtto‘}#’kbtdé@ﬁ‘raﬂ of L‘s%rseg&%@éb %éts thder to a

pluralit users, store sto ment or m at | east
one of txperimeneprder fmatrl@@femvoﬂthapommwreqeopd apeovekioethe pxnstiment geder fromnat at

5 |fast, o068 Nser- 11. The systemof claim9, further conprising at |east
one docunent attached to the experinment request. 12. The systemof claim
9, further conprising information indicating a state change of the
experi nEnt rEigpEsem ogﬂom % frstiercemponiag af deaptong desypantatitched odkareaertgent he
experi NRRlest €quest or to a 20 change in state of the experinent order. 13.
The systém of claim9, wherein the processing data is received froma user.

12. The system of claim 9, further comprising information indicating a state change of the
experiment request, published responsive to a document attached to the experiment request or to a

20  change in state of the experiment order.
13. The system of claim 9, wherein the processing data is received from a user.

14. The system of claim 13, wherein:
the experiment produces at least one test product and at least one production product; and
wherein the processing data includes an indication of the base process, the changes to the base
25  process, and a split-off of a control set; and
wherein the split-off of a control set produces the at least one production product according to

the base process and the changes to the base process produce the at least one test product.

15. The system of claim 9, wherein the results of the execution of the experiment are received and
stored.
30 16. The system of claim 9, wherein the automated environment produces semiconductor

technology.



14. The system of claim 13, wherein: the experinent produces at |east one
test product and at | east one production product; and wherein the

processi mgodamaoincl udes an indication of the base proces®CTiUse2/essanges to
the base 25 process, and a split-off of a control set; and wherein the
split-o of ,a control, set produces.the at .| east one oduct i on product
accor di L{J t o C?'H%Ut?fé{gaéia@? 8‘8@‘%@ C&'ﬂgl?%em%wghoé'éEelf‘%exteﬁlgg%bé'saecobn P l(])tgrégl S produce
t he at ingAastiomsiehidagta ompderciinplehnted methsd &ir @an@fingGdx pdrimedis reliygigeds n t he
results of the executign of %he eﬁgeri nt are‘reﬁeived,and stored. 30 16.
The sy st PEYSTHESC NI i MSCUST TS EPLeBURA PO ST produces

sem conduct ofA) t eebdiahOanyexpdiithedBsrdr/Bd SxpRXihédvSaR! iAdi8difg at1&istlsbme Aeviation

co ter-readabl e nedi n1ﬁonFnisin inst{ cti.ons Qeing executed by a
Somplt oo™ AREC PR FiRebl SHEPIHRE W AT FHIPEPeN I ement ed et hod f or
managi ng exp@)i mestisningiradpprogal todthe axgecimattaeddepr ocessi ng t echnol ogy, the
instructions for inplenenting the steps. of:. (A) r.eceivjng an _experjment
order, the eSE{r}er i tﬁ@nﬁ?t“&aaéﬁto?%ﬁt Eaﬁftﬁd’gglton Pfetgéf”zp%%m(% 289 %%cessﬁnga’ %ﬁ] a
base praiadsfoe apddhatanibn bpeidditongitadrenaronabtoaet ed envi ronment; ( B)

obtai ning an_approval of the experinent order; (C) .translating and_storin
at least a p@?t i of"gre @%%"PSS&'B%W’ I Oﬁ?aenetxe%lﬁeg et C?“H"fjtgoﬁrvg@’eaggefﬁémae 2Rogiongf is?'gbl eg
f or10 npbaserprioteat byothe hyos@addnaindnieat ie dcoordandeorithehd proangng dd)a. causi ng t he
experinment to be executed in conjunction with at |east sonme portion of said

10 base,process aut t AV L0 in a n i .

proces s}sgg da ean.le%{'@% gﬁcl!]aé'H r%z I Sﬁ%gnotge %‘%tgalﬁlﬁg%% fu\ﬁﬂ%rrlgclqﬁd’e? 5%%5%%&%%{15 gast% ep

f ur t herdefinok tldespdrivensdrdgsdisfibusing the mgpedanent ordbe fd aplwmglity oEuserspehtdimest or der
di stribyti t.he ex i nen | | . tal ning
changesttPOERF i HEBERRE OGR!l et e B ) R bte Rl HORE Srpr R L

r ecei vi exgerirent agdpr foonat Iastront her. experi nent order from at | east one user. 15
19. The medium of claim 17, wherein the conputer program further conprises

thesstep of AlLAGING chaﬂﬂqv,rmmeﬁ] O cIrhlfteS PRELA L Rher CEAMRSY the &b of HRECHRAT UM

of claim 17, wherein the conputer programfurther conprises the step of
publ i shdosgmenss to theeexpeyimentygduesit i ng a state change of the experiment request,
responsive to a docunent attached to the experinent request or to a change

in statg) of thenRxResd IBAY7 RN thd Corphter pRBraNBEHMNShprEkfihitdyof Wher ei n
the translating step further includes the steps of receiving the

pr oces shukbshingtiaformasion Mqicatingd stats Gpnge| of thsePRerimRRI@IeH: TetneBsIKp & AprBlsnt

pr oducegadled kEBS txpfiBerdt &%jhesPbrA6 HEhandd stite dr@RSkp@M@nPsr@duct i on product; and
wherein the processing data includes an indication of the base process, the
chqﬂpes to the base , . . . .

21. The medium of claim 17, wherein the translating step further includes the steps of receiving the

processing data.

22. The medium of claim 21, wherein:
the experiment produces at least one test product and at least one production product; and
wherein the processing data includes an indication of the base process, the changes to the base
25  process, and a split-off of a control set; and
wherein the split-off of a control set produces the at least one production product according to

the base process and the changes to the base process produce the at least one test product.

23. The medium of claim 17, wherein the computer program further comprises the step of receiving

and storing the results of the execution of the experiment.

30 24 The medium of claim 17, wherein the automated environment produces semiconductor

technology.



25 process, and a split-off of a control set; and wherein the split-off of
a control set produces the at |east one production product according to

t he base woases®iand t he changes to the base process prodeca/usaz2469 | east
one test product. 23. The medi um of clgim17, wherein the conputer program
further corrprlses the ste rec I\‘I"IT‘;]?S and storlnfg the results of the

execut i Bh of ACABPYESFRPIERE mS‘@O‘éi?r INSEERGCES ILHRR 1 SPPICOMHELEI n t he

aut omat @ehmlIvyy, rc@;ﬂpﬂmtgtm@qig@es sem conductor technol ogy. WO 03/017013
PCT/ US02/ 24859 13 25. A conputer-inpl enent ed t hod  for mana%FHgv. .
experiments Y81 at Ay PHISERTERIIHEIEE o ee’t"éﬁﬁﬁ‘&l"%&‘"“&%‘%?t legstg 1¥°8ps of :

(A recebmamgse@fbc@spgfablaeﬂbpeewﬂgmantabeneoweﬁumasﬁmtmorder including at |east
sone_devi at i on from a base p ess ca%abl e of operating in an autonated

envitonment: &8 (5 t%‘?it‘%?“tﬁpﬁ@"%t g‘ﬁﬁi‘fi‘f\‘}‘ Cirdehe experinent order: (C)

transl ating @)d Stk latig Al stbﬁﬁgs;tt I@stR_Pottiod Bf BE eXgeBmexReadet m&f'ﬁrodéﬁsd%rdaiant 0
pr ocessi g ? sui tabl e r;gil enentati on by said automated environnent;
and (D) s'¢able Oﬁﬁnﬁl%ené%?ﬁ‘ép? ??é‘{ﬂ“t‘t YEMUPER Y n conjunction with at | east

some portionmf sSausng BaseRmOResSse dycutdden dnjuRbRdnaktHe Wast @SHEFTrtidnof said
accorda ce wth tcp é‘Proc si ng dat a; 1g§§<§> ﬁ{rrtﬁrel n the obtai ning step
further ‘tSﬁB‘i"Eﬁﬁ% fatterpterkenyronmegt nageo YEY P HPIREFS PR x per i nent  or der
di stoi buti ng@he \Bbfdﬂﬁﬁ theeattamegdep ﬁtrmeﬁnahde@atelste)as afstcmgﬂaa deingitiy ng
changes to.the ment order fro qne 0 the u nd
ooty FpHET a9 B EPE e reussb o trng PORRbr o orargbine Eroessn By er
(F) wheg@eriménd rdexdi hti@st onp bDMY 08, ald recedsig thegpptaatfohOekpetimendrdat | east
one progduction 15 product; and wherein the processing data includes an
i ndi cat "SR 202t ME YSHse process, the changes to the base process, and a
spl it-of f of (Fx cowlidr&h ths @kperiaiefk prduntaianleisnenexpst piod@dt bnddt leastoadiprodlctiset
ces

one duct ording to th base .process
Pl et gBkviesF R eiaSstig Aot Sl B ifstion RS B pivaFnd RS gBoguce
26. A clanppioadss, g @ntedsﬂfeﬂa smerblesm ﬁerwhmamatge Bit-e k€ b contiol st psredhmt:si thgatt 0
sem conduct or Q.technol o (A expe nt o
xper | B O R inf BB PSSR ey S S Sl
capabl etheht lepermatdstygroduat. an autorrat ed environnent; (B) an approval of the
experinment order, obtained in response to recei pt of the experinent order;

25 () wf OCeﬁ% Seral‘{nglgl%g?t %}st% £07 mA %@?{irﬂédts%taB%ﬁ%%&&%&gﬁt ed

envi ronnent , eas 1on o € experinent order;
_(D)2Q/\/neteemnlogjalcctnmmrtznat ed environnent causes t he experinent to be execut ed

n (A) an experiment order, the experiment order including at least some deviation from a
base process capable of operating in an automated environment;

(B) an approval of the experiment order, obtained in response to receipt of the experiment
order;

25 © processing data suitable for implementation by said automated environment, translated
from at least a portion of the experiment order;

D) wherein said automated environment causes the experiment to be executed in
conjunction with at least some portion of said base process by the automated environment in
accordance with the processing data;

30 E) wherein the approval further includes stored data defining the experiment order, a
distribution of the experiment order to a plurality of users, stored changes to the experiment order from
at least one of the users, and received approval for the experiment order from at least one user; and

() wherein the experiment produces at least one test product and at least one production
product; and wherein the processing data includes an indication of the base process, the changes to the

35  base process, and a split-off of a control set; and wherein the split-off of a control set produces the at
least one production product according to the base process and the changes to the base process produce

the at least one test product.



conjunction with at | east sonme portion of said base process by the
automated environnent in accordance with the processing data; 30 (E)
wherei n twe oapprayal further includes stored data defini n@CrhEsozz4ses i ment
order, a distribution of the experirre or der to a pI urality of users,
st or ed ;ang s to the eﬁlgerl ment _ord rom gt. %f&e of tthe users, and
recei vetl appf 5Y3PU§gradalE mediymy OWB%'"gomscimF T ?H’%t‘fxef‘g Y ASREPHER I and ()
wher ei nxnkthen@xme;ﬂudtr@mtcompméumn&hteh aathbd f):fﬂ&lah@‘srtg aperthuwats relmthgaé | east one
producti on ]wher ei.n the ﬁr ta includes an indication
b L he. Bl gisie (hioigahg b pe Pkt B Siasdl. “and a spl t-of
of a cont r ol (Aet ; resdidnydiegx@irimdnberdapthe txpefifnemfordar melnﬂmght l&stsope deig@s t he
t nﬁﬁsproductl og pr.oduct accor di ng to.the base process and the
cha s 0B 2 PRE PESES SHpABle QL SPeping (R SRS £OYIONREnty ne test product. WO
03/017013 PCIB/)USO&HwMB@& apiafbvﬂ?oftheezmpmhterrderreadabl e medi um conpri si ng
i nstructions _Qein d b nputer i.nstru I nc
conput er - i npcg ‘?aélglx gatof%%atrlfﬁﬁéld”ﬁé’“é)x 8?"9?85’?% och: 'éfl%%cefsbng‘%l?tonat ed
pr ocesssungblé e mdérogyation besaidaitaritddieavisonfrent; andpl ement i ng t he steps of : (A
recei ving an_experinen i.ment order. di sone
Goviat i on - 50 brieu e S Sheuss Eafs B i Forah T et Sk honad 35¢
envl0 onbmaprocesB)y thdtaomataenaitomipat i@wedordahcet dmh tﬁ«mcdsmﬂataor der; (O

t | ati d t t t
g R A 0 AR

and (D) expaumémngrdtnhmstabmefglthmaxpertrmenbedaxea pheﬂitydfumpbtmmmgohangastth thet Ieast
SOme porxt Ir?me(t) rd raflrom atjle G2 5t Oce?ssg h ceEvrl]ne tﬁea P v t ee\tlxl LR D rder

accor daneg i AP PRt F §HMG SR AndEy el B HPPIR Y TOHTRPRT NI PSS £ ur t her
i ncl udeBorh hdest @psisa@f storing data def| ni ng the experl ment order,

dis |but|ng he e ljTent. or Q L ural.i al ni

chatipes o (16 eTRon IEREPes Aoy Bt D frolor REL R 3R HoBlefeh
receivi plgstChen(hWhﬂTCJH&ie pt@nssmgdateprlﬂémrmdl@tldleof thd basmpratesd, deshangesgtodwer ; 15
(F) V\,he e raduce 2as t Ieast
one pr o%auc?rf’% 38 at‘%‘ci%g)'i]l ?ﬁ%é cg)n mﬁl%gtégnﬁl}?re?p gglffn‘?ggor{ﬁ%f’s%ﬁ@fm@&dm@&

i ndi cat ie@norwfprdzduetldne;s@iuptra@md;sg tqthﬁebasmtan@@vsarﬂmhetdh@gebasl@ hpseguesss produde a
split-o et; and wherein the split-off of a control set

pr oduce"fe,bL t%asatn%?%g{ r&%ucgne production product according to the base process
and20t he changes to the base process produce the at |east one test product.
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