WO 02/ 15235 PCT/ EP01/08900 1 Description Method for wafer position data
retrieval in sem conductor wa- fer manufacturing 5 The invention refers to
a met hod won2/pnecessi ng products by predefining a sequeneer/gboicnso®r s and
executing product proc- essing steps by product processing tools, during
regul ar processing the product processing steps being executed in 10
conpliance with the predefined sequenée of orders, wherein nultitudes of
products to be processed are transported in product containers, and
wherei n product. pracessing data of product processing steps are stored
with reference to product positions in the product containers and to
product identifi- 15 cation codes. Such a nethod is common use in
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to manuf gacture ig- tegrated circuits. Integrated circuits are arranged on a
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product containers, and wherein product processing data of

are transporte

product processing steps are stored with reference to product
positions in the product containers and to product identifi-
15 cation codes.

Such a method is common use in semiconductor industry. Often
hundreds of processing steps are performed to manufacture in-
tegrated circuits. Integrated circuits are arranged on a

20 semiconductor wafer which has a unigue wafer identification
code (ID).

A great number of processing toolsg is required for execution
of deposition steps, patterning steps, doping steps or etch-
25 1ing steps on respective tools, for instance. The equipment
and the operating personnel controlling the equipment are
working in cleanroom environment to avoid particle contamina-

tion of the semiconductor products.

30 Within the cleanroom, the semiconductor products are manually
or automatically transported to the respective processing
tools. As 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 information indicating the posi-



eval uate the results of the processing steps, processing data are stored
together with the information indicating the posi WO 02/ 15235

PCT/ EPO1M89D05232 tion and identification code (I1D) of ear@Twméensdion a con-
tainer. Due to the great nunmber of hundreds of processing steps perforned
in sequence, it is very inportant to store all position data identifying
all wafer positions in the con 5 tainérs fromthe beginning to the end of
waf er processing. The main benefit of this storage is the possibility of
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According to prior art, the transport to and fromthe nmapping devices is
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15 As the processing tools are not able to change the number or
the position of the wafers in the containers, handling de-
vices like mappers are provided in the cleanroom. Whenever a
mapping step is required, the respective container is trans-
ported to one of the mappers, the mapping step is executed

20 and the container is transported to the next processing tool.
According to prior art, the transport to and from the mapping

devices is performed manually by the operating personnel.

Whenever a mapping step is performed according to the proc-
25 essing plan, the wafer positions in a container have been al-
tered, and the processing data no more correspond to the for-
mer arrangement of wafers. However, as the process plan is
created in advance, such handling steps are foreseeable, and
proper processing data rearrangement can be programmed in ad-
30 vance. Thus, any handling step foreseeable from the beginning
of the process plan does not seriously affect the possibili-

ties of processing data retrieval.

Apart from regular handling steps, at any time an unplanned
35 Thandling step may become necessary by reasons of improper
processing performance, for instance. Due to the complexity

of modern semiconductor manufacture, the necessity of per-



ties of processing data retrieval. Apart fromregul ar handling steps, at
any tinme an unplanned 35 handling step nay becone necessary by reasons of

i mproper w@poce3si ng performance, for instance. Due to theCTeRrpl@ioty of
nodern sem conduct or manufacture, the necessity of per WO 02/ 15235

PCT/ EPO1/ 08900 3 form ng an additional handling operation arises with
increas- ing probability. The handling operation as such nay be per- forned
in the sane manner as the regular handling steps at any stage of the
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ate the need for such subsequent data rearrangement necessary

15 according to prior art when unplanned handling steps are re-

quired.

Furthermore, with increasing demands on cleanroom gquality,
any atmospheric contact of semiconductor products and operat-

20 ing personnel - even when working under cleanroom conditions
- have to be avoided. To this end, a mini-environment of very
high cleanrcom quality is provided within a cleanroom of mi-
nor quality. The operation personnel is working within the
latter one, whereas the processing tools and the transport

25 machinery to and from the processing tools are allocated
within the high quality mini-environment. As a consequence of
the mini-environmental cleanroom demands, manual handling of
the wafers is no longer executable. Mapping devices have to
be used. Hence, it is a second object of the present inven-

30 tion to avoid any contact between equipment in mini-
environmgnt 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 proc-
35 essing requiring a product handling step of changing the num-
ber and/or the position of products in one or more product

containers, a product handling order and integrating it in



be used. Hence, it is a second object of the present inven 30 tion to avoid
any contact between equipnent in mni- environnent and operation personnel
out of mwbderme2ss onnent in the case that an unpl anned harPdl/ERg/mb@p nust
be executed. These objects are achi eved by defining, upon irregular proc
35 essing requiring a product handling step of changing the num ber and/or
the position of products in one or nofe product containers, a product

handl ing order and integrating it in WO 02/15235 PCT/ EP01/ 08900 4 the
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in the process plan, it is proposed to redefine the original

15 process plan resulting in a new lot specific instance of the

process plan now containing orders for the additional han-

dling step, too.

Referring to the features of claim 1, a sequence of orders is

20 predefined before executing product processing, and as long
as the products are processed regularly, the processing steps
are executed in compliance with this predefined sequence of
orders. When irregular processing requires an additional
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 step are executed in compliance

30 with the extended sequence of orders, which may result from
the original sequence of orders by varying the chronological
succession of précessing steps, spiittingvsingie processing
steps, inserting additional steps or more complex product
treatment procedures, nesting template nodes and so on. In

35 any case, the additional handling step is performed in accor-
dance with the product handling order integrated in the

amended process plan, and product position change data corre-



uct handling order and integrating it into the predefined se- quence of
orders, thereby resulting in an extended sequence of orders. Al
subsequemOpr/o2essi ng steps as well as the ad- ditional proTgetr/dsasdl i ng
step are executed in-conpliance 30 with the extended sequence of orders,
which may result from the original sequence of orders by varying the
chronol ogi cal succession of processihg steps, splitting single processing
steps, inserting additional steps or nore conplex product treatnent
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cally executes any sequence of orders one programmed.

15
The present invention allows flexible reaction on any process
complication requiring other order sequences than initially
predefined. Upon irregular processing, the amended order se-
gquence can be extended in turn. In any case, the resulting

20 actual product flow is in conformity with the product flow

resulting from the order sequence.

Ags at least the defined product handling order is integrated
in the existing sequence of orders, two preferred embodiments

25 concern the way of its integration.

First, the product handling order can be inserted between two

product processing orders of the predefined sequence. That

ig, it is inserted like an additional product processing or-
30 der. This embodiment is preferred especially 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 inter-

35 rupted, thereby creating an order for residual execution of
the interrupted product processing order. According to this

embodiment, the order for the unplanned handling step is



resulting fromthe order sequence. As at |east the defined product handling
order is integrated in the existing sequence of orders, two preferred
enbodi new@ 02/E83toncern the way of its integration. FirstpPCT/ERSo@uUCt
handl i ng order can be inserted between two product processing orders of
the predefined sequence. That 1is, it is inserted |ike an additional

product processing or 30 der. This enbodinent is preferred especially when
no urgent actions are required upon irregular wafer processing. Second,

the prodyctbandli pg,o QEESCBE @ﬁe'§§ﬁ§i§d?9$&ﬁétpﬁfocéhéhn§X89HEk0” of a
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WO 02/ 15235 PCT/ EP01/ 08900 nested in two parts of the single product

processi AEHREEP: which is recomendabl e when i mmediate action is required
to save wafers not yet processed fron1disadvantageous process operation.
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of irregular process execution. According to a odi nent, the
further “BFakaorOEPRCESETHE T . PHAFSSSFES BPRBERsaT RoUBFHERS SBRVERGSTo
restore qrptoedessi agdisiage Deéoeefdirshdyaptragectsppooeesshggortiersi nst ance
to re- may be template process nodes instanciable at any time when
required by reasons of irregular process execution. According
15 to a preferred embodiment, the further product processing or-
ders are reprocessing orders serving to restore a processing
stage before disadvantageous processing, for instance to re-
move, in semiconductor industry, a distortedly patterned
lithographic structure of a deposited layer.
20
According to a further embodiment, the orders are executed by
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 bodiment, at each process tool operating personnel is capable
of defining and integrating the handling order executable by

any handling device.

These embodiments allow for remote definition and execution
30 of handling steps within current complex large-scale manufac-

turing. Especially there is no need that an operator defining

handling orders must also - in cases still required - accom-

pany the handling step at the respective handling device.

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

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



nove, in sem conductor industry, a distortedly patterned |ithographic
structure of a deposited |ayer. 20 According to a further enbodi nent, the
orders ameoexest ed by a nultitude of product processi ngPCDEPSL/08200d
handling orders are defined in such a way that they are executabl e by
anyone of the handling devices. According to another preferred em 25

bodi ment, at each process tool operati’ng personnel is capable of defining
and integrating the handling order executable by any handling device.
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dustry, %ﬂ% Bf olitt®5®are semi conductor products arranged in respective
slots of the contalners The handling step is per WO 02/ 15235
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to position data waf er preferably processing data and position data
are stor éamwa@n@aehogu HEP@UCEehﬂcéné@@%?né%a%t higteryesecendidtor
hi stigyy data file. 10 Herein below, the invention is discussed with

(eopect L2 Lhe passomenying. Leavce jThe Lauie seheically 1 gl aces o
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 PS + 1, PS + n — 1 and PS + n. To
excerpts of the sequence of orders denoted as case I and case
ITI illustrate two preferred embodiments of the inventiomn.
They refer to two different ways of integrating unplanned op-

20 tional mapping steps OMS. According to case I, the first part
POn of a processing step is interrupted upon irregular proc-
essing execution, and a mapping order MO is defined and in-
serted, thereby creating an order POff for residual execution
of the interrupted product processing order to be executed

25 after the mapping order. After residual execution of the in-
terrupted by performed processing step (POn, POff), the next
process step PS + 1 is executed. At each processing tool, a
dispatch list with orders to be executed is stored, and semi-
conductor products corresponding to data in the dispatch list

30 are transported to the respective processing tool by a trans-
port system. The semiconductor products are transported in
groups of one or several lots in containers like frdntAopen—
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 respective move-
in and move-out sub-orders MVIN and MVOU.



rather conplex in reality. The sequence of orders contains a 15 first
processing step interrupted upon irregular processing, as well as process
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processing step is interrupted upon irregular proc- essing execution, and a
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15
The history data contain all information required for gapless
slot and wafer ID related wafer tracking from the beginning
to the end of the processing root. According to prior art,
the history data did not correspond to the actual wafer posi-
20 tions after diverse handling steps manually performed upon

irregular processing, and hence had to be rearranged.



10 job report JRis created and filed in a database containing history
data of every single wafer. The history data contain all relevant

processi modaia3ns well as the position data of the waf ePCTER@I0SI® nunber
of the slot of the front opening wunified pod and the identification of the
uni fied pod. 15 The history data contain all information required for

gapl ess slot and wafer ID related waPer tracking fromthe beginning to
the end of the processing root. According to prior art, the history data
did not gprigspond to the actual wafer posi 20 tions after diverse handling
steps manual ly perforned upon irregular processing, and hence had to be
rearranged. WO 02/ 15235 PCT/EP01/08900 9 dains 1. A nethod for
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positions in EQ?nQTQQHEEt@&”Eﬁiﬁ@ﬁﬁl§9HcéOwiéhPEHQUEEehggﬂhEEi%étioﬂ codes,
character’i zedi nthat upon irregular pfocessing requiring a
product han- @VeRgesPEpCsfieEfangi ng the nunber and/or the position of

product s i n. opBepEiADKE]PLOJUEE 68NbabACESS200-ba Pieduskehandki ng order
(M) i's deflnggagggokgéggggtggoduct containers and
- product processing data of product processing steps are
stored with reference to product position data identify-
ing product positions in the product containers and to
15 product identification codes,
characterized in
that upon irregular processing requiring a product han-
dling step of changing the number and/or the position of
products in one or more product containers
20 - 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
handling step are executed in compliance with the ex-
25 tended sequence of orders and
- product position change data corresponding to the inte-

grated product handling step are stored.

2. Method according to claim 1,
30 characterized in
that the product handling order (PS) is inserted between
two product processing orders (POn, POff) of the prede-
fined sequence.

35 3. Method according to claim 1,

characterized in



in the predefined sequence of orders (PS) thereby re- sulting in an

ext ended sequence of orders, - the product processing steps (POn, POf) and
t he prodweo 02/b2e&ll i ng step are executed in conpliance w t ACT/BROIENSI®S t ended
sequence of orders and - product position change data corresponding to the
inte- grated product handling step are stored. 2. Method according to claim
1, 30 char acteri zedi ntHat the product handling order (PS) is
i nserted between two product processing orders (POn, POf) of the prede-

fined sequepggy 8he3 ryﬁheethEQQEH%neragrck@gvl18 ¢nBe@tbdlagthre I i 2z
di n WO 02/15235 PCR/EP01/08900 10 that the product handling order (PS)

i s insertedParter! pEEELALCBXxEEURI BROGHCH BrodaeEipPosEssi R§LEBep™Weing i n-
terrupted, tberepye@]esheRgbancOEdeingOanr 8386uakoexeeriduboneabciine

i nterrupted grodugtt rocessing grger. g 4t Met hod accordln% to one of
clainms 1 tot39" @hnthe, IREETFURted; PLogugt PROEREELPEr PREFTpr oduct
processing orders are defined and in- tegrated in the order |ist together

with the, pr h - i e hod_acgording to claim4, ¢ h a
ract %'rﬁ%%ﬁé% %ggoﬁ&$ﬂétpgh§£$ué¥h%}agﬁ%dgc¥8p$bcessing orders are
product re-c1B processi hgeordarg. e6d Method according to one of clains 1 to

5 ¢ha [ Bat FuBchel pr8aflct Prbbebsihs ordets are 8xe¢HEAdaRY 3n-
mul titude of product , '
tegrated in the order list together with the product hand-

10 ling order.

5. Method according to claim 4,
characterized in
that the further product processing orders are product re-

15 processing orders.

6. Method according tco one of claims 1 to 5,
characterized 1in
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 devices.

7. Method according to claim 6,
25 characterized by
remote definition and execution of handling steps such
that at each processing tool an operator isg 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 products are semiconductor wafers arranged in re-
spective slots of the containers.
35

9. Method according to one of claims 1 to 8,

characterized in



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
devi ces. WO oMe2BHd according to claim6, 25 ¢c h ar a c tPETEPI/BI® d b vy
renmote definition and execution of handling steps such that at each
processing tool an operator is capable of de- fining and integrating the
handl i ng order executable by any hardling device. 30 8. Method according
to one of claime 1to 7, characteri zedi nthat the products
are sem co o a [ = [ I e contai ners.
a1 S°Londgt o tekena, 244 20060 19, 881 3REYI U 3 Appel peacont al ners,
i n WO 02/1%98B3PCT/EP01/08900 11 that t he handllng step is perforned by a
mapper or sorter. 10. Method according to claim9, 5character
i zedi]j_ nthat the handlln step.is at |least one of a splitting, a
mer gi ng, & sd¥??%@g oFCEOT IR fE?rg%ﬁl%p%ratlon 11. Method according to one
of clzainms Ictle d0r 2l c bat aedl et nzed i n that for each
sem conduct C data_and posiiion ala st
senlconductg?aﬁlg?%ryaﬁg%%pgiFg?p POSLE! PBast®bR0E &' EpTdcklnd, &
merging, a sorting or a transferring operation.

11. Method according to one of claims 1 to 10,
10 characterized in
that for each semiconductor processing data and position

data are stored in a semiconductor history data file.



