
;ije3ehNhKLv6T3F  ~. . s 17 FEB 2005 o.. P '  Method fpr, wafer position
data retrieval in ~semiconduotor ws. fen manufacturing, . . . , ; . 5 .. .
~ ~ . ~ , ' . . . , ,The invent ion , re f ere , to. ~ a method for proves
sing semiconductor products' by., ' predefining a. sequence of 'orders and
executing product: prod- , y essing steps by product processing tools,
during regular ' processirig the .product ~ processing steps being executed
. in. . ' 10w compliance with the predefined sequeence of orders, wherein .
.' multitudes of semiconductor products to be processed .are transported in
. product containers,' and wherein product: processing  data, of . . '
product processing .steps are .stored with reference tv product .~
positions in the product containers and to product identification i5 nation
codes.: ~ ' . . ~ , , . . ~ . Such a method is: common' use in
semiconductor industry. often ' w hundreds of processing steps are
performed to manufacture in-integrated. circuits. Integrated circuits .are
arranged on a 4 semiconductor wafer which has, a unique wafer
identification ' .code ( zDy . . . ( . ' ,A great number .of
processing.tools is required for execution y , of deposition steps,
patterning. steps., ~ doping  steps or etch25 ins 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.' r ;: . v 3 0' ,
Withi.Z: . the cleanroom,' the semiconductor products axe manual ly or
automatically transported t,o the respective ~proCess~,ng tools. As in
mast: cases groups of several wafErs are traps- , ' y , ported together 3,n
a container, e..g, a SMIF pod or a k~OUP (front: Opening 'Unified 2od),.
usually a multitude of wafers is 35 subjected to the~respeative processing
rstep. Tri order to evaluate the results of the processing steps,
prooese~.ng data are stored together with the,inorm~tion 3.ndicating'the
poej, iww~ow~~n   17 FEB 2005 2 . . , ~ , . . ,. ' , tion and
identification .coda . (xn) of each wafer .in a con-, ' . trainer. Due to
the great number of hundreds of processing 



' , steps performed in sequence, it is very important to share. all
position data identifying all wafer positions in the corm . 5 tainers from
the beginning to the end of wafer process`~.ng, ~. .. , ' . The main
benefit of this storage is the possibility of re-, . trieving the
information of' wafer location and identification , . ' , when improper
processing performances has occurred, Systems for automatic transport of
semiconductor products are disclosed in DE.19962703 A1 and in "Sorting and
Transfer Drive Mechanism" IBM Technical Disclosure . . ~ , Bulletin, .US,
.IBM Corp. New. York, Vol. 33, no. 6A. ` Due to. complex processing
proceduxes, very .often handling . .steps. "for changing the number . of
the position of the wafers ~ ' 15~ ~ in the containers are required.. fag ,
instance, a , certain number wafers in .a container. has to. be separated
from the ' . ~ others, by reasons of, processing plane :ox other
circumstances . . .As the: processing tools are riot able to.change the
nurnber or the, position of the wafers in the containers,.. handling . de~
20 ` , vices like mappers 'are. provided in the classroom., ,Whenever a '
.mapping' step. is required, . the respective container is .trans. ported
to, one.. of the mappers, the mapping step is execufed aid the container,
is transported.tro .tie next processing foal.' ~ . . . _ According to prior
.art,. the' transport 'Go and from the, mapping'' . 25 `devices as,
performed manual  by the. operating personnel . ~'., , . . .'- Whenever a'
mapping step, is, performed according, to 'the, proc easing plan, the wafer
positions; in a container have been al fared, and the processing data no
more .correspond to the fox; 30, mer arrangement of, wafers, However, as
the process plan' is '. . created in advance, ~ such handliing. steps are
forseeabLe, and ~ . proper processing data rearrangemen,t can be.
programmed. in advance, , .Thus, any handling step foreseeable trop the
beginning of. the process plan, does not' seriously ,affect the possibility
. 35 ties vf. processing data retrieval Apart from regular handling steps,
at, any time an unplanned ' _ handling step ~ may become necessary by
reasons ~ of improper processing performance, .for instance, Date to the
,complexity. of modern .semiconductor manufacture, the necessity of per
17 FEB 2005 ' 3 forming an additional handling operation arises with
increase ing probability. The handling operation as such may be perfarmed
in the same manner as the regular handling steps at any stage of the
process plan.However, as the need and the 5 . moment of this unplanned
handling step within the whole proc. ess flow cannot be foreseen, any
further processing data are attributed to incorrect wafer positions
~w~.th3.n a ~carxier. As a consequence, - processing data as well as wafer
position data must be rearranged afterwards for proper wafer history infor
. 10, motion retrieval'. The present invention relates to these irregularly
performed handling steps. ~ ~ . Fence, it ie a first object of the present
invention to obvi,, ate the need for such subsequent data rearrangement
necessary 



15 according to prior art when unplanned handling steps ark required. , , .
Furthermore, with increasing demands an cleanroom quality, 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 cleanroom quality is provided within a
cleanroom of minor quality The operation ~l y p 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-environments'!
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 inven30 Lion to avoid any contact between equipment in
minienvironment acrd operation personnel, out of mini-environment in the
.cage that an unplanned handling step must be executed. These objects are
achieved by defining, upon. irregular proc35 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   1 7 FEB 2005 4 the predefined
sequence of orders, thereby resulting in an extended sequence of orders, by
executing the product proe- , essing steps and the product handling step in
compliance with ' the .extended sequence of orders, and .by storing
product, posi5 Lion chance data when the integrated product handling step
is executed. In contrast to prior art, processing methods requiring final.
data rearrangement for proper wafer history retrieval, it is to the general
idea of the present invention to influence the underlying process plan
itself, whenever an unplanned handling step is required. Instead of
executing the additional handling. step separately, that is without any
correspondence in the process plan, it as.proposed to redefine the original
~.5 process plan resulting in a new lot ofspecific instance of the process
plan now containing orders for the additional han . dling step, toa. : .
''~ .. Specifically, one expression of the invention is as defined in claim
1. Referring to the features of claim 1, a sequencs of orders is 20
predefined before executing product processing, and as long as the
semiconductor products are processed regularly, the processing steps are
executed in compliance with this predefined sequence o orders. When
irregular processing require an additional product handling step, this
sequence. is redefined. In a sim 25 pie case, this redefinition is
performed by defining a product handling order and integrating it into the
predefined sequenCe of orders, thereby resulting in art extended sequence
of orders . A11, subsequent processing steps as well as the ~ additional
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 processing steps, splitting single
processing ' steps, inserting additional steps or more complex product
treatment procedures, nesting template nudes arid sd on, Tn 35 any case,
the additional, handling step is performed in accordance with, the product
handling order integrated in the amended process plan, and product position
change data corre   



5 1 7 FEB 2005 sponding to this handling step are stored. As a consequence;
the system now is able to record all wafer position rearrangements, because
each unplanned handling step is included in the final sequence of orders,.
It is now possible to assign 5 the enact final processing data to each
single wafer, . Furthermore, so manual interference of operating personnel
is .required for performing unplanned handling steps, because as the
operating personnel merely has to redefine the se l0 quence of orders .-
the mapping device can be joined with the processing tools and an existing
transport system, that is. with the complete equipment, which is provided
within the mini-environmental cleanroom atmosphere, and which automatically
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 sequence can be extended in turn, In any case, the resulting o actual
product flow is in conformity with, the` product flow resulting from the
order sequence. ~ ' As 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 . is, it is inserted like an additional product processing
ar30 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 partial 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 fox the unplanned handling step is   1 7 FEB 2005 s nested in two
parts of the single product processing order, which is recommendable when
immediate action i.s required to ' save wafers not yet processed Pram
disadvantageous process operation. . . ' . . 5 Whereas in simplest case of
redefinition of the predefined ' sequence of orders according to the
invention, a single handling step, that i,s the step performed by a device
not actually processing the products, is inserted in the process plan 10 of
product processing orders, according to preferred embodiments further
product processing orders are defined and inte~ grated in addition.~These
further product processing orders may be template process nudes
instanciable at any, time when required by reason.of irregular process
execution, According 15 to a preferred embodiment, the furthear product
processing orders are reprocessing orders serving to restore a processing
stage before disadvantageous processing, for instance toremove, in
semiconductor industry, a distortedly patterned lithographic structure of a
deposited layer. 



20 ' . According to a further embodiment) the orders axe executed by a.
multitude of product processing tools, and handling orders are defined in
such a way that they, axe executable by anyone 'of the handling devices.
According to another preferred em 25~ bodiment, at each process tool
operating personnel as capable of defining and integrating the handling
order executable by any handling device. i These embodiments allow for
remote definition, and execution 30 of handling steps within current.
complex large-scale manufaoturing. specially there is no need that an.
operator defining handling orders must also - in cases still required -
accompany the handling step at the respective handling device. 35 According
to further' embodiments related to semiconductor industry, the
semiconductor products are semiconductor products arranged in respective
slots of the containers. The handling step is per   ,1 7 FEB 2005 7 formed
by a mapper of a sorter, capable of performing splitting, merging, sorting
or transferring operations, for instance, The products to be handled may
preterably be semicon ductor wafers. 5 Due to the benefit of the invention
of consistent data collection with regard to position data and wafer TD
preferably processing data and position data are stored for each single
semiconductor product in a semiconductor history data file. x0 Wherein
below, the invention is discussed with 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 PS + 1, PS * n - 1 and PS * n. To
excerpts of the sequence of orders denoted as ease I and case It illustrate
two preferred embodiments of the invention. they refer to two different
ways of integrating unplanned op 20 tional mapping steps OMs. According to
vase I, the first part Pan of a processing, step is interrupted upon
irregular processing execution, and a mapping order` MO is defined and
inserted, thereby creating an order Poff fox residual. execution of.the
interrupted product processing order to be executed 25 after the mapping
order. After residual execution of the interrupted by performed processing
step (k~On, POff), the next process step PS + ~. i,a executed. At each
processing tool., a dispatch ~,i.et with orders to be executed is stored,
and semiconductor products corresponding tv data in the dispatch list 30
are transported to the respective processing toll by a transport system.
The semiconductor products axe transported in groups of one or general lots
in containers like front open~ing unified pots, for instance, with several)
slots, each slot receiving a single semiconductor wafer. Every processing
and l 35 mapping order is initiated and concluded by respective move3n and
move-out sub-orders MVIN and MVOU.   17 FEB 2005 8 



According to case II, a mapping ordex i.s integxated in the sequence of
orders by insertion between two processing orders P8 ~ n -- I and P9 + n .
S By integrating mapping orders and, of required, further prod, erring
orders, into the order sequence before executing 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 mapping
step, a 10 job report JR is.created and filed in a database containing
history data of every single waferx. The history data contain a.7.1
relevant processing data as welI as the position data of the wafer, that is
.number of the slot of the front opening unified pod and the identification
of the unified pod. 7.5 ~ . . The history data contain a11 information
required far gapless slot and wafer rD related wafer tracking from the
beginning to the end of the processing root. According to prior art, the
history data data riot correspond to the actual, wafer posi 20 tions after
diverse handling steps manually performed upon irregular processing, and
hence had to be rearranged.   17 FEB 2004 9' Claims 1. A method .for
processing 'semiconductor products., by - predefining a. sequence', of
orde:rs . (P9) and S~ . - executing.product. processing steps (POn, POff)
'by plod- . 'uct processing tools, . ~ ~ . . ' - during regular
processing.the' product. processing steps being executed in compliance with
the predefined se quence of orders~, 1'a , - wherein multitudes of
'semiconductor. products to be pros essed are transported in product
containers ,and - product processing data of product processing stops axe
stored with reference to product position data identiflcing product
positions in the product containers and to . product identification codes,
c h a r a c t a r ~, z a .d . z n. that : upon improper processing
performance requiring an unforeseeable, product handling step of changing
the number and/or the ~ position of semiconductor products in: one or 20
more product containers , :. . - a product handling .order (MO) vs defined
and .integrated in the predefined sequence of orders (P'S) thereby re .
sulting .in an extended sequence: of orders, . - the product processing
steps (POn, POff) .and the product. 25w ~ handling step are executed.in
compliance with the extended sequence of orders and ' . ~. ~ ' - product
position change data corresponding to the irate gxated product handling
step are stared. 



2. Method according to claim 1,,~ . . ' 30 charactarized i n that the
product handling order (PS) is inserted between.. two product processing
orders (POn, POff) of the predefined Sequence. . . . 3 5 ~ , 3 . Method.
according to claim 7., c h a r a c t .e r i~ z a d x n... ' .   17 FEB 2005
IO that the product handling order (P9) is inserted after partial execution
of a product ptocessing step being interrupted, thereby creating an order-
fax residual execution of the interrupted product processing order. ~. 5 4.
Method according to one of claims l to ~, ~ ~ ' . c h a r a~c t a r i z a d
. i n that further product processing orders are defined and integrated in
the order list together with the product handl0 ling order . 5. Method
according to claim 4, c h a r a c t a x i z a d 3. n that the further
product processing orders are product rei5 processing' orders. 6. Method
according to one of claims i to 5, :c h a r a c t a r i z a d i n 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' is capable o.f
defining and integrating the handling order executable by any handling
device . 30 8. Method, according to one of claims 1 to ?, a h a r a c t a r
i z a d i n that the semiconductor products are semiconductor wafers
arranged in respective slots of the containers. 35 9. Method according to
one of claims 3. to 8, c h a r a c t a r ~) z a d i n  



,17 FEB 2005 li that the handling step is performed by a mapper or a
sorter. La. Method according to claim 9, ~.. . 5 characterization . that
the handling step is at least one of a splitting, a merging, a sorting or a
transferring .operation. 11. Method according to one of claims 1 to 1B., 10
c h a r a c t a r i z a d ~. n that fox each semiconductor product
processing data and position data are stored in a semiconductor product
hiss tort' data file. ~ .: .Al.A@L.A99.A.Alnf.AY!Ly.A9.An.Al.Ay.A,.`&^xJ
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