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-~ ~ ~ """, ,The invent ion, re f ere, tFIEPdZ r proves
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codes. : ~fer manufacturing -~ . Sych a nethod is: common' use in
.sem ccfonductor |ndustry ' often " w hundreds of processing steps are
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er to

rstep. Tri eval uate the results .of the processing steps,.
prooese~. ng data are stored. together with the,inorm-tion.3. ndi cat1ng the -
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. tegrated circuits. Integrated c1rcuits are arranged on a

20 semiconductor wafer which has a um.qua wafer identificatlon
,code (ID) :

.A great number of processing tools is required for execution
of deposition. steps, patterning. steps, doping steps ox etch-
ing steps on xegpective tools,. for instance. The equxpment
and the operating personnel controlling the equipment are
working in cleanroom environment to avoid particle contamtna-
tion of the Bemlconductor products.

" 25

: 30'. Withih the cleanroom, the semlconductor products are manually
' or automatically transported to the respective processing
tools. Rs in most cases groups of several wafers are trans-
. ported together in a container, e.g. a SMIF pod or a FOUP-
. {Front Opening Unified Pod), usually a multitude of wafers is
35 subjected to the: respective processing step. In order to |

evaluate the results of the processing steps, processing data
are stored together with the informgtion indicating the posl-
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,.steps.performed in sequence, it is very inportant-to share. ail .
-position-.data identifying all wafer positi-ons i-n the corm. 5 tainers from-
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posi tions; P& &oconrtnpileer phavesbesy ﬁioé@&&%s,a%r}}ﬁ%f%%cgsasgga data no

more .'corr ggpeRd : ner, arrangenent of, Wwafers. Fowe¥er, as
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10, notion retrieval'. The present i'nvention relates to these irregularly =

er f or ned Wenkdvary st in st (o Y ) ' : object,_of the present
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necessary - : : : ons’ in a container have been al-
' tered, and the processing data no more correspond to the For-
30 © 'wer arrangement of wafers, Howe.ver,' | | '

Fangen as the process plan'is
created in advance, such handling st

| eps are foreseeable, and - "
PYoper processing data rearrangement can be programmed in:'ad~ |
vance, Thus, any handling step foreseeable from the beginning
' of. the process plan does hot' geriously affect the ?ossibilb
35 ‘;ies of.p;:ocessing-data' retrieval, - | ' |

A"Pé.lrt‘: ’from regular handling steps, at any time 'aﬁ unplanned
. har.xdli,ng step‘n‘zay become ne,cé'séary by reasons of .;me:;oper

Drocessing performance, for instance, Due to the .comple‘xity-

of mod,gm .Semiconductor manufacture, the necessity of per-



15 according to prior art when unplanned handling steps ark required. |,
-Furthernore, with increasing demands an cleanroom quality, any atnospheric
contact of sem conductor products and operat 20 ing persong?wTB-ﬂmgen when

wor ki ng under cl eanroom conditions - have to be avoided. To'thi's end,

m ni -. environnent of very high cleanroomquality is provided within a

cl eanroom of minor quality The operation ~l y p personnel 'is working

within. the |latter one, whereas the:3processing tools and the :transport

25 machinery to and fromthe processing tools are allocated within the high
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Cl eanro al,handl i 0 the,wafers i s, no | onger eXecutabl e.
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sequencé GTHRIBCqhewoopssdpgl dahy &n wellexiendefes eseitaiomidaygers; by
execut m@ld&&:dor:@ﬁi%taﬂéreﬂe‘afteg%fag Eé?%@ﬁ@r tv??f&éﬁg{%éo%}‘@[‘%{gq% step in

co i a with ' the ..extended sequence orders :

.prggéjct T&%S:&ﬁ% qﬁ%%ﬂc@ aPReqRBh ineentienyrzelrtes ddudihdmmdiing step
is execm}dﬂi}cmmeﬂphpnﬂmngrétepg pcessing nmethods requiring final.
data rearrangenent for proper wafer history retrieval, it is to the general
i dea of ,fhe rgr%ent invention to influence the underlying process plan
itself, *{mﬁz@v #® Enfriaskeabliantl ehgtke @resenteguivett idm ttee atbdf-

execut i R¢e leheaddied @oal sheRdkibgeqsé P mrﬁﬁ%@é}@éncf ?le\@égﬁ%'fty any.
cor{£speg Hittbhgﬁngocgﬁ gﬁan, it, as. g’%ose to redefine the“original
~.5 process plan restting®f TR RS 215 Rdld s R 237 @ process
pl an noWYé&$Cai ni ng orders for the additional han . dling step, toa. :

‘'~ .. Specifically, one expression of the invention is as defined in claim
1. Ref erFU @%‘5%0 t he fegi_{ures of claim1, a sequencs of orders is 20

predef i ned DErOPE Sax¥iGhi AECPRRRT arndss oy Claanzeon auglidythe

seni cond@&@t Gtnpspilectis apntpcoces seehicgidrtdor JHRRIUIC eSS Bgetl@ns are
exepat ed QEphiance W i ' sequyence o order.s., \Wen
i rregul g_rﬂggrp%c s?lgﬁg r e?ﬁ%ﬁe&g%ga@w %%%%6£%§&a%£ﬁm CPg9dEd RS hi s
sequence. TPYE EGePEnéyolifada e rkhis st ¢ gs s nihieqrvdgnbaiinemitt bdnvesy

per f or mixd.ghy cdetinrons aual PByCEs harshi g QriterraRd d1d-504Rk Bg gﬁ-' nto the
predefi ped %%?ﬂl‘ (H,Leord(%g t hereby re ultrg}g I n art! extended sequence
of orders . b dEGuSRT P bER RS ré‘leé'pé'aa Pimsh ¥ithdn-tRedi t i onal
product LE&5&K Rgest hpexess erbe pwoteas rymtidednc endD tid R rahepextended

seq@@ncmaehidleder EoMinghs £ES ' i.0i.nal _sequence of orders by
varyi ngwﬁh%.chr nohog’hcs:al %ﬁcc@sg%oné%&%gggﬁsna% eﬁﬁ‘;%cggﬁﬁ ting single
processi 6 msttg’ﬁs, “HAs 8P Y ik 1B mEsd: -oAser @neeghencer oduct
. treat nethepmicddensdronreht 8l ¢TeEN R AR, thatthaONhahR13P2RE Case,
“the addigiis00a! andl Lng+step is perfarnmed jn gccordance with, "t he product
handl i nglgr g%rfelr%t ggr g?eégp%&fh%x%ﬁ%&f 'n P 5y LR8I BBVEIEOt position |
change deggrr Hence, it is a second object of the present inven-
30  tion to avoid any contact between equipment in mini-
environment and operation personnel out of mini-environment

in the case that an unplanned handling step must be executed,

These objects are achieved by defining, upon irregular pr’oé-

35 essing requiring a product handling step of changing the num-
" ber and/or the position of semiconductor products in one or more product

containers, a product handling order and integrating it in



5 1 7 FEB.2005 spondi ng to this handling step are stored. As a consequence;

-the systemnowis able to record all wafer position rearrangenments, becCause

each unpl anned handling step is included in the final seqde?nEéﬁcﬂJOSOrders
It is now possible to assign 5 the enact final processing data to each
single wafer; . Furthernore, so manual interference of operating personnel
is .required for perforning unplanned handling steps, because as the
operating personnel nmerely has to redefine the se |0 quence.of orders .-

t he mappi'ng device can be joined with the processing tools and an exi sting
transporttggspﬁﬁﬁaﬂinedssequenn&rnfcnr¢¢25e thetebynresuiicdhg dnpeovi ded
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order sequ nce an be exténded in-turn any case sulting o actual
product ng Pﬁ%rﬁa&%w Thithe m&egﬁ%ﬁ%o@rwbmtrégari@#ﬁg £rem dige

or der seqegaaated, As at | east the defined product handling order is
.integrated in the existing sequence of. orders, two preferred enbodi nents
25 concern the way of its integration. First, the product handling order
can be inSercedtiraistedo tpwiqr Gttt provessing meﬂhodsotthermngdGﬂhn&d

2r 30 dor . STRes EaETaTAsRenY A nBonst uBEeP R bLARY, ~RERRHERLY" 2ECTY O
are ridqui tbe gessdal dglsarofidtities prosetsi hgvesetondtot hefpuetaet thendl i ng
or der Canug@eﬂ%%%dﬁéféer éﬁ. aité‘é‘ff“%ﬂ@n@@ei‘ RROMH: gﬁgﬂﬁgaeﬁihﬂg step

creatlng an_order for re ual,  execution of

being int 357r
t he ?nteragﬁFSHSﬁﬁﬁmﬁﬁ Eﬁ%ﬁ%ﬁﬁﬁf\ rrteRAd AECerErvEing thesadfbbdrmddt, the
or der foxhhhalli Agsl Sasehtd dul B efha S islwicﬁgﬁtZQQ's} &c&@s.tsgana&nb\éo

parts of in Ie rocu rocessi nqg order rec en
|nned|ate F%ﬁh% Q§) (1 i 1% °9@ﬁ%§stﬂoFe98?lﬁFoEgnEQHlﬁﬁEﬁ&h
d|saduhntpgeaessppmznmrenmﬁﬁﬂngwnn a.new. 1ot55y%eiea& inssenpkest tawe of

vent | one28oliest BRI SARY B5%as RN ARl SLACHRC AR BN EES i e

not act uafil{ngr 6&&gsi pa he products, is insertéd in the process pl.an 10 of

product pEpesBcdlyy of BRsressiAE6Ohe im@ntioh R AfRAf&DinRed] ment s f ur t her
pr oduct,’ processlng orders are; defined and inte~ grated in addition.~These

further pREFGEEIMDEE MR trafettesmf relathpl ate peauessengfesrders is

i nst aqei ablredalf 13mA Bd Al vhabe dieeitig Mué@a;s@aeeéshh egahar aBr 0688S

t A din fe h dict:
brocessi g 3}%&3@'og%ac@aar%@géé?aa%é?ﬁs&e@%xﬁe?@é PARseESRta F ooesei ng
‘stage bef are dixemmivsad ajre otsmpl oess i wipth f ohis nstedetinetegegaecnice of

sem condughfle i \duady 1 A- i £F | de BEL " PG LLICRRRG  ShRYS! ure Of a

deposi ted Taye
product handling step, this sequence is redefined. In a sim-

25 ple case, this redefinition is performed by defining a prod-
uct handling order and integrating it into the predefined se-
quence of orders, thereby resulting in an extended sequence -
of orders. All subsequent processing steps as well as the ad-
ditional product handling stepbare executed in compliance

30 with the extended sequence of oxders, which may result from
the original sequence of orders by va%ying the chronological
succession of processing steps, splitting single processing

' atebg, inserting additiénal steps or more complex'product
‘ treatment procedures, nesting template nodes and se on. In

35 any case, the additionmal handling step is performed in accor-
dance with the product handling ordex integrated in the
amended process plén, and product position change data corre-



20 ' . Accordi.-ng to a further enbodinent) the orders axe executed by a.

-mul titude of product processing tools, and handling orders are defined in
such a way that they, axe executable by anyone 'of the hap?l#gygﬂ@ Vi ces.
According to another preferred em 25~ bodi nent, at each process ol
operating personnel as capable of defining and integrating the handling
order executable by any handling deviceg i These enbodi nents allow for
renote definition, and execution 30 of handling steps within current.
conpl ex | arge-scal e manufaoturing. specially there is no need that an.-
oper at or #ReNAiRg Sandhilsy hartbringnstenl sve-storedsedssei kbnsequiened -
accompanyt hacsbandl we i i1d V6o T LepEEATAe1 \IELLNGOASYIER, rdapAccor ding

to.further' enbodinents related to sem conduct or

seni conduERBFePrBESet Penise BaYndirp brnpeddiandlinganfen in iosdedad e

slots of {hethenEanR’ seqithdwrslt iH8steP 1€ P& now EsoésEEE‘eZ_QBESa?agggrlﬂﬁg

by a ppgr of a sorter, capable of performng splittipg, rgi ng,

or trgﬁsfgp?iﬁﬁasgeﬁgﬁﬁ%nﬁ 9ﬂﬁ5§+ﬁﬁd§%E§ §he %?Bdﬁé?ﬁggowggeﬁandled may
preterably be sem con ductor wafers. 5 Due to the benefit of the invention
of consis ta_collection with regard to position data and wafer TD
preferabl@sgggggggFﬁg Fat FeR? cﬁﬁ??gﬁeﬁﬁPﬁea? QPSFahirgr PERSATL Sy
seni conducequipedddor ipext comi oy nanpl annéd shangl iingasteps, bacdhsreei-n

bel ow, thggi Nl i } SGL j t YN ing figure.
The 11 gur S sChenaErea Ty M oL eLgEr iRy € %Eggéiﬁ%rﬁgﬂét i%e PS

r epr édent EHgREepPEcosigsanr rkitonapphng etevhce caint pe Thénedqwditde tite
orders copkatBeedntp tiddi¥ HOLEERIsELRY tPéﬁé{;HEEeQ#EQg; LhEegylAr
processi ng, , as | I” as _process stggs PS +71, PS* n - and PS * n. To
excerpts %thhgﬁge&@ﬂHﬁFQﬁ SR RenotRECRs18 BECVIGRE WatBIM B ustrate
t wo pr;af gammd-emdimlrstaﬁ d&r@aﬂ%a@@t i’@dlﬁosphe_h‘eteéﬂa Whét\:/ﬁsﬁpagitbir@.drtﬁm
ways of i atin npl anned. o tiopa i ng_steps . JAccording. to
vave |, tHELEY; srhEE A (s dRitnee SF e dePR She PRBEFRIBEEd upon
irredgl ar processing execution, and a mapping order’ MO is defined and

i nserted, e it i r Pof S| . executl 1FQ§
interruptgggpF%%%ggﬁgﬁ%%gggfﬁﬁgdggg?wgog%éggaégu%gggggogf?grgbggp%% ping
order. Af FEFPldSRRIAN SETUAT G PLReE PrEer  apteanEespshrar dadtdaddassi ng
step (k~Oprebeffihad haraxti PF&Geber SheBcESsing, tha axeadeadorfbreaeh

processing tool., a gﬁipatch ~g%.et wth orders to be exgputed s ,stored,

and seni cHHEACEO A3t RfuFELHTLsHONHAFG " t TRdARY FASEhe CHESFEELATERG 30

aL e tI@nspeaetied porddiet eshectiyeipr @@ﬁﬁ@iémgtyowhthyth]?t paadpert £3yst Ienr}

The sem ¢ . products axe transported in groups of one or genera ots
PP AT CnE Era ke I8P Hor ;

in contaiiners gV%ﬁcﬁOts, for instance, with several)
slots, each slot receiving a single sem conductor wafer. Every processing

d!l 35 i is initi b i oo
ond 135 BPRS QIGbriG 844 o SA0oE REHIE IO SE! LK RNERR o
in the existing sequence of orders, two preferred embodiments

25 coricern the way of iits integration.

First, the product handling order can be inserted betweean two
product processing orders of the predefined sequence. That
. is, it is inserted like an additiocnal product processing or-
30 der. This embodiment is preferred egpecially when no urgent
actions are required upon irregular wafer processing.-

Second, the product handling order can be inserted after par-
tial execution of a product processing step being irnter-

35 rupted, thereby creating an order for residual eiecution of
the interrupted product processing order. According to this
embodiment, the order for the unplanned handling step is



According.to case ||, a mapping ordex i.s integxated in the sequence of
.orders by insertion between two processing orders PB ~ n -- |1 and P9 + n

S By integrating mappi ng orders and, of required, further @gqﬂ§ erring
orders, into the order sequence’ before executi.ng subsequent orders, in any
case the slot related wafer position data are retrievable. in order to use
the benefit of the present invention, for every process step and mappi ng

step, al T @Ro J c d and filed in a database contai njng
hi story dgﬁizg g\i}e?‘ §}’°s§%5?8 ﬂgf éﬁ? & RFegptdpEacesstagnonddr 1

rel evant, ﬁngesameagaheelwhentmmtu eatdahaiaf ~Lheivaber, that is
.‘nunber ofsatv-bewatg}_- ohothgatr Ig t e 1dentification

of the unfl"% od ok "Fe ﬁ?ﬁcgﬁ ortrgcfvﬂga gxﬁf‘gﬁﬁeaﬁ PRe#$@t i on

reqwred P Bas sl ot 'and wafer rD rel ated waf er tracking fromthe

begi nnfng to the end of the proce55| ng root . Accordl ng to prior art, the

hi story d@hardakaisl s p05| 20 tions after
di ver se hgndlrl n ﬁggkmg'a%l%g y per %ﬁﬂ%gﬁof’r? &rPpedriingdg, and
hence had FSuSB raﬁ gys acc_ﬂrdﬂm ;_t@ozths imfantrsoﬂ., A sbidod hafrgr :

prgcesm néiig?f@bepduthat bs ochetstap @grfo%ggeﬁyngnge@i SeaHence’ . OfO‘f)
orde:rs P9) nad t rqQduct. processing steps P
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: a multitude of product processing tools, and handling orders
~are defined in such a way that they are executable by anyone
' ‘of the handling devices. According to another preferred em-
25 Dbodiment, at ‘each process tool operating personnel is capable

of defin:.ng and J.ntegratlng the handl:mg order e:{ecutable by
any handling device. -

i
These embodiments allow for remote deflnition and execution
30 of handl:.ng steps w:.th:.n current complex large- scale manufae-
tuqlng Especially there is no need that.an operator defining
handl:.ng orders must also - in cases still required ~ accom-
pany the handling step at the respective handling device.

35 . According to further embodiments related to semlconductor in-
dustry, the semlconductor products are semiconductor products arranged i

respective slots of the containers. The handling step is per-



2. Method.according to claim1,,~ . . ' 30 charactarized i n that the
\product handling order (PS) is inserted between.. two product processing
orders (POn, POf) of the predefined Sequence. . . . 3 5 t7.F88 -ZU@E"‘ hod.
according toclaim?7., charact .eri~zadxn.." FEB 2005
| O that the product handling or der (P9) Is inserted after partial execution
of a product ptocessing step being intgerrupted, thereby creating an order-
fax residual execution of the interrupted product processing order. ~. 5 4.
thhod according to one of clainms | to ~, ~ ~ chara-ct ari z ad

i tRed Ber apRaaRer plosesomkgTor dpable effpesfoundinonsaddited in
the orderiﬂxgﬁtméegshgerS%E@ngherpr:%u@fmq{é? éeéé‘ﬁa&){gﬁé fé{;ur Lhod

according to cI

product Prifiets; g] OPHEFIECQFetBr g&u&ar‘rdéaf% &%e‘%’é‘?%@rablﬁe£§ sgmi IVE’F‘h'od
-accordi niptpopmeadérelains i to 5 :charractari z-adi nthat the
orders are executed by a nultitude of product 20 proceSS|ng tools, and
handﬁlng devi ces, and that handling orders are defined in such a way that

t hey ar eD\e«etat'ahéebbyleaﬁljzoavﬁ ahet rmdaaamﬂdmg:ﬂ:l&yd:@@ssteﬁt §kthododccor di ng

| d dl
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devrce - s8fi8ondBERed, p2600LEI RY O AnslA B ﬂié@oﬁgcaa@aafglé.c tar

[ &ﬁ I n that the sem conductor products are sem con tor wafers
arr ged in respective slots of the containers. 35 9. Method according to
one of CHarGEn3belew8 theh idvent 10 i didodsded Wwifh respect to the

accompanying figure. The figure schematically illustrates a
sequence of processing steps PS representing a process plan
rather complex in reality. The sequence of orders contains a
15 first processing step interrupted upon irregular processing,
as well as process steps PS8 + 1, PS + n - 1 and P§ + n. To
excerpts of the seqﬁence‘of orders denoted as case I and case
I illustrate two preferred embodiments of the iqvéntién.
They refer to two different ways of integrating anlanned op-
20 tional mépping steps OMS. According to case I, the first part
POn of a processing step is interrupted upon irregular proc-
essing execution, and a wapping order MO is defined and in-
serted, thereby creating an order POLf for residual execution
of the interrupted product-processing'order to be executed
- 25  after the mapping orxder. After residual execution of the in-
terrupted by performed procegsing step (Pon, POff), the next
process step PS + 1 is executed. At each processing tool, a
digpatch list with orders to be executed ils stored, and semi-
conductor products corresponding to data in the dispatch list
30 are transported to the regpective processing tool by a trans-
port system, The semiconductor products are transported in
groups of one or several lots in containers 11ke’front operi-
ing unified pots, for instance, with several slots, each slot
receiving a single semiconductor wafer. Every processing and
35 mapping order is initiated and concluded by respectlve move -
in and move-out sub-orders MVIN and MVOU,
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10SS - 18SS}* - executmg product Processing steps (POn, POff) %f)pro
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G G&{- - wherein multitudes of semiconductor products to be proc-
essed are transported in- product containers and

product processing data of product procéssing steps are
stored with reference to product position data identify-

ing product positions 1n the product containers and to.
i5 product 1dent1f1catlon codes,

characterized .in :
that upon 1mprqper processing performance requiring an un-
foreseeable product handling step of changzng the number-
and/or the position of semiconductor products in one or
- 20 more product contamners ' . .

- a product handling order (MO) ‘is defined and integrated
in the predefined sequence of orders (PS) thereby re-
sulting in an extended sequence- of orders, ) :

- the product processing steps (POn, POff) and the product-
25+ handllng step are executed in compllance with the ex-
"~ tended sequence of oxrders and
- produot pOSltlon change data correspondlng to the inte~
grated product handllng step are stored

“( 10

2 Method accordxng to claim 1,
30 characteri zed in :
that the product handllng order (PS) is inserted between

two product processing orders (POm, PO:f) of the prede-
fined sequence

35° 3. Methed aocordlng to claim 1,
' characterized i n.



*x*k++,, o, [ MP1 10986 10986 _ ~

+10988 X"~ 6QA0%O& ()-! 6A0%& ()- - %0%& ()-!-%0%We& ()- s’ nbA0%

& ()-m,, -r-t-h.}r<Mpl , . 47 FEB 2006
10994 | , $10983& () - ZOYni 109& ()-'!r Yni' 109%& ()-'!Yni' 109%& ()-' ys109%& ()-S
L10%. () -h./001L2N2zX6MP1 10! 0Y3"z#10% } & ()-!a Y3"z#109%& ()-!;

EY3" z#109& ()-1,$109& ()-2Z'a’ |, $109%x&§)- 2y |, $10% [

[& ()-ZN231 4J4K4LA4Z4\ 45r S4 19#109%@ & () - ‘éocy@ (g"g%S?;;&@‘(Q#glzléo"/@& 0.
10! XY@ &LOY&, () - !\ Y3"z# 0% () - 55!, 566S67dBr S4 19#! LYLOY& !
s109%@& () - 9%1"8% 1(‘? P§P %geyggiwwﬁ@% ])8495.,%@%@?@4& *B%L0% &

&&' () -#! LYd 4@ i@ execution of a product rocesggin bei%g in-

& ()-#" LYdQug L4 0% %10%&' 0L% %&' H<I <U<Wk<>
o0 et lon T HEd TR R R

& & 10 & &N&dq&ﬂiﬁiﬁhe@interru ted product processing order.
Frxe ,gO%D& ()-9%-109%% () - 310|10|10| nd0% & ()-!nmd0%& ()-!F
%4 0%&" () - N@\BAABnB}[g @

Method according to one of clalms 1 to 3,

characterized. in

that further product processing orders are defined and in-

tegrated in the ordex list together with the product hand-
10 ling order.

5, &éthcd according to claim 4,
characterized in

that-the'further product processing orders are product re-
1s procegging orders,

6. Method according to one of claims 1 to 5,
characterized in .
that the orders are executed by a multitude of product

20 processing tools and handling devices, and that handling
orders are defined in such a way that they are executable
by anyone of the handling devmces.' ' |

‘.

7. Method according to claim &,
25 characterized by
remote definition and execution of handling steps such
‘that at each processing tool-an operator is capable. of de-
fining and integrating the handling order executable by
any handling device.

30
8, Method according to one of claims 1 to 7,
characterized in ,
that the semiconductor products are semiconductor wafers arranged in Te-
spective slots of the contalners.
as

9, Method according to one of claims 1 to 8§,
characterized in
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i0 characterlzed in

that for each semiconduttor product processing data and
position data are stored in a semiconductor product his-
tory data file.



