1 Inventory Control Via a Uility Bill of Materials (BOWM to Mnim ze
Resource Consunption TECHNI CAL FI ELD [ 0001] The present invention
relates generally to a system and net hod sem conductor fabrication,
and nore particularly to a systemand nethod for controlling the use
of control wafers to mininmize resourde consunption in a

sem conductor fabricate on Iine. BACKGROUND [0002] To create an
integrated circuit (1C or a sem conductor device for that matter, on
a sem conductor wafer (or sinply, wafer), a series of steps nust be
foll owed. For exanple, a series of steps may include: clean, photo,

deposi;&&&kﬂgﬁﬁ} %gévﬁgg$, OH;§2$ and grind. Additionally, several
st eps i raia & WilstyeBil of Matediils (BONIH €0 NFidifhi
created successfully, each step in the fabricgtigﬁwprgggggngggvmource

execut e successfully. [0003] Sinc h.step in the fabrication
process is inportant to the quali ?yoq'%?"?lﬁéoﬁi nal product, each step
requires nmonitoring to ensure that the step is being perforned in a
manner that 1is consistent with specifications. One commonly used way

to noni i.ous manufacturing steps is to exam ne the wafers
as theyﬁg%ﬁgﬂgﬁiﬁégéﬁ step. After each fabrication step, the wafers
(perhaps all wafers or a percentage of the total nunber of wafers)

are examned. If the examned wafers are of sufficient quality, the
wafers are allowed to proceed to the next step in the fabrication

pr ocess [0004] ¢ heTheatresest invantinmtelaés geubhilpicanlysEmalnl ttettfdd sEmicohdl&tor
fabrication process step -
fabrication, and more particularly to a system and method for controlling the use of control

wafers to minimize resource consumption in a semiconductor fabricate on line

BACKGROUND

[0002] To create an integrated circuit (IC) or a semiconductor device for that matter, on a

semiconductor wafer (or simply, wafer), a series of steps must be followed, For example, a series
of steps may include: clean, photo, deposition, sputter, etch, polish, and grind. Additionally,

several steps may include several sub-steps. In order for the IC to be created successfully, each
step in the fabrication process must execute successfully.

[0003] Since each step in the fabrication process is important to the quality of the final

product, each step requires monitoring to ensure that the step is being performed in a manner that
is consistent with specifications. One commonly used way to monitor the various manufacturing
steps is to examine the wafers as they complete each step. After each fabrication step, the wafers
(perhaps all wafers or a percentage of the total number of wafers) are examined. If the examined
wafers are of sufficient quality, the wafers are allowed to proceed to the next step in the

fabrication process. If the wafers are not of sufficient quality (i.e., the fabrication process step




2 did not performas expected), then the wafers may be di scarded and
the fabrication process is restarted wwth a new batch of wafers.

[ 0004] Another commonly used way to nonitor the various manufacturing
steps is to insert what is known as a control wafer(s) into the
manuf act uri ng process. The contr ol water undergoes the fabrication
step just like the wafers and after the fabrication step conpletes,
the control wafer can be extracted and exam ned. Again, if the
control wafer displays that the fabrication step executed well, the
wafers are permtted to go to the next step of the fabrication
process. If the control wafer displays that the fabrication step did

not exedit et pedfdrm dsRepoctdds, Al RE %af%?symﬂ}a&ddi%cgrdeg ?ln&j{l}cse: %@g %Pg)?&aésr}?

fabrication process restarted. A control wafer can

singl e séstfted withhewitaRhicfaLfpn process or it can be used for several
steps. Wien a control wafer 1s used in several fabrication steps,

there muypode anaRsRS" Leation st. that needs to be fojlomedv
to ensure Fhat t%e it S%O%ﬁhjvﬁg? g’ra y ?Osmﬁ?lgg i igousmanudactusing sispeis e msat

t he fabghﬁgé' QcC t ..For., exanple, it would not be feasible
for the cont ;cg%r%sfaecgﬁﬁgls%%@rzst) dnfadpe ‘Harﬁ‘&lra%é’cr@ﬂipff@e@t Eke eontfok wafer undergoes
ol i shed iy a _polishing.step ile the reverse could be correct.
P c fgb caPo 81 h s satl ;
[0005] e I EaR MrLtdiks theyaters and afies the fabricatipwstap toneglsted, tegontnl vader
of contrgﬁ émafers is required. The large number of control wafers
| eads t S WETErANderaminedi Agnin, 1kibe pentiohyafso disslayy MK fabriaecwstep
di sadvant age ,of the prior art is that since a new control wafer is
sed fo erég'fﬂ viglledBe yricryase pamitiasvigo o the acdsiep of theifsbrizatsi ftb&ss. Of the
u
shortages and excesses of control wafers to
control wafer displays that the fabrication step did not execute well, then the wafers may need to
be discarded and the fabrication process restarted. A control wafer can be used for a single step
in the fabrication process or it can be used for several steps. When a control wafer is used in
several fabrication steps, there may be an order of fabrication steps that needs to be followed to
ensure that the control wafer is providing an accurate picture of the fabrication process steps. For

example, it would not be feasible for the control wafer to be etched in an etching step and then

polished in a polishing step while the reverse could be correct.

[0005]) One disadvantage of the prior art is a relatively large number of control wafers is
required. The large number of control wafers leads to waste and hence, higher operating costs.
[0006] A second disadvantage of the prior art is that siﬁce a new control wafer is used for
each step of the fabrication process, it is possible for shortages and excesses of control wafers to
occur at different fabrication process steps. Therefore, if there is a shortage of control wafers at a
particular fabrication process step, the fabrication needs to either stop to wait for the delivery of

additional wafers or the fabrication proceeds with insufficient quality control. Neither option is

desirable.
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occur at different fabrication process steps. Therefore, if there is
a shortage of control wafers at a particular fabrication process
step, the fabrication needs to either stop to wait for the delivery
of additional wafers or the fabrication proceeds with insufficient
quality control. Neither option is désirable. 3 100071 A third

di sadvantage of the prior art is that if the actual wafers are used
to determine the quality of the fabrication steps, then the

exam nation of the wafers may result in damage or contam nation of
the wafers. In either case, the wafer is no |onger usable. 4 SUMVARY
OF THE | NVENTI ON [ 0008] These and ot her problens are generally sol ved

or circul¥®t ed A third disedventagabf tha @viarirtid @it &'tk SSHE 48y b
preferred enbodi mrents of the present invention mhicﬁah%%ggﬁgggoggmmnxe

syst em athel quatitshoftthé fabrittion 8tepQMhidnthe YBFELSioh Bf fie %%r% onduct lgtﬂr fsagpor

fabrication process that mnimzes resource consunp |0HF%F

accor danatawiidiod oPthe fafdre | {r e present. invention, a
nmet hod for controlling gﬁgngg%gg?ggﬂégﬁef%&%&%%ﬁ“%%ﬁbrising
registering the control wafer a first tine, using the control wafer,
regi stering the control wafer a second tine, and selecting a second
use for the control wafer [0010] In accordance with another
preferred enbodi nent of the present invention, a nethod for

m nim zing control wafer usage in a fabrication process of a
plurality of individual process



steps conprising registering a control wafer a first tinme, using the
control wafer, registering the control wafer'a second tine,
determning a |ist of possible subsequent process steps, and

sel ecting a subsequent process step fromthe |ist of possible
subsequent process steps [0011] In acdordance with a preferred
enbodi nent of the present invention, a systemfor controlling the
use of a control wafer conprising a control wafer manager with
circuitry to nmintain an inventory of fresh control wafers, an
inventory of reclainmed control wafers, and a fabrication process
dependency graph, and an inventory nmanager coupled to the control
waf er rmanager, the inventory nmanager containing circuitry to

mai ntain an inventory of control wafers wused in a fabrication
process ntage of a preferred enbodi nent of the

pr esent %\Wmﬁg@yﬁépﬁgl e control wafer may be used to test
several different fabrication process steps, therefore the total
nunber of control wafers needed for a fabrication line is reduced,
resul ti 2‘3 in si grni ficant savings. [0013] A further advantage of a
pr ef er r 9@} odiThesstand bthehproplees ent generaliy sdlos dreirbiiatented, SRNEGR cal
waf er naréggerrent systemis provided to help ensure that shortages and
excessesadyintages atergoheraldy ahieved, Gy eesftraddeniRaihgald : . do
not occur. [0014] Yet another ac}i,\%t age of a%&ﬁ‘?ﬁ%&%ﬁ%gﬁ%@%ﬁw&

t he pr egeotidésmsgstbinand nftHoddbr dshy coRfr@SETbrs ilW &l Scati
inplenented with very little to no additi onal - har J\%@F@%@%‘?P%ﬂ’i@%s

Ther ef orthatrﬁihﬁﬁﬁe%\téd&gﬁ;eic&xsm@ggﬁ_ng t he nunmber of control wafers is
not mtigated by significant inplenmentation costs.

[0009] In accordance with a preferred embodiment of the present invention, a method for
controlling the use of a control wafer comprising registering the control wafer a first time, using
the control wafer, registering the control wafer a second time, and selecting a second use for the
control wafer

[0010] In accordance with another preferred embodiment of the present invention, a method
for minimizing control wafer usage in a fabrication process of a plurality of individualn process
Steps comprising registering a control wafer a first time, using the control wafer, registering the
control wafer-a second time, determining a list of possible subsequent process steps, and
selecting a subsequent process step from the list of possible subsequent process steps

[0011] In accordance with a preferred embodiment of the present invention, a system for
controlling the use of a cogtrol wafer comprising a control wafer manager with circuitry to
maintain an inventory of fresh control wafers, an inveniory of reclaimed control wafers, and a
fabrication process dependency graph, and an inventory manager coupled to the contr61 wafer

manager, the inventory manager containing circuitry to maintain an inventory of control wafers

used in a fabrication process



[ 0015] The foregoing has outlined rather broadly the features and
techni cal advantages of the present invention in order that the
detail ed description of the invention that follows may be better
under st ood. Additional features and advantages of the invention wll
be described hereinafter which formtRe subject of the claims of the
invention. It should be appreciated by those skilled in the art that
the conception and specific enbodi nent disclosed may be readily
utilized as a basis for nodifying or designing other structures or
processes for carrying out the sanme purposes of the present
invention. It should also be realized by those skilled in the art

that su@bigqui val £K I i ons .da. not part fromthe spirit and
scope ormt h@ i nvent i %rhtﬁgs 'sé’?&%%? ?"bol%ﬁn‘?rﬁQF'z‘ﬁﬁﬁﬁé@@aﬁm.theﬁaERgIEF

DESCRI PTd.thbiQh: Wi 00161 For a _nore conpl ete understanding
of the proesentafﬁ:'rljr_%lvﬁa nti On @ﬁ S?‘f?éajfgmof’é‘ﬁ’tt fpEsationipspasef stepsetherefne the ikdal

now mad fol.l owi ng descriptions taken in conjunction with the
acco npaﬁlﬁllhﬁ) 6; %fcé’\'kﬁ gv awfrﬁ %ﬁ?ﬁei for [ falgrcationinpis eediicdds reaulting W Sk@gEaMayi
QW Sipid ngs.

depicti ﬁg g typi.cal series of fabrication steps that a sem conductor

vafer urld®oes PPy Hdage 2 r Peeferadrendodimment of g prba iflchGot it AN,

the wafer; [00181 Figure 2 is a table |listing several main types of
r

cont rol SRAFYVeafermapagemant gistes 8 pravideddo aejp @fRuckeBhCdhoRSped aRE &%l §f

system for nmanagi ng the use of control wafers; [00201 Figure i S a

di agr am gl atafergarg cerajo fabripationpradess s ldemof QufmNagi ng t he use of
[0014] Yet another advantage of a preferred embodiment of the present invention is that the

present invention may be implemented with very little to no additional hardware investment.

Therefore, the savings in reducing the number of control wafers is not mitigated by significant

implementation costs.

[0015] The foregoing has outlined rather broadly the features and technical advantages of
the present invention in order that the detailed description of the invention that follows may be
better understood. Additional features and advantages of the invention will be described
hereinafter which form the subject of the claims of the invention. It should be appreciated by
those skilled in the art that the conception and specific embodiment disclosed may be readily
utilized as a basis for modifying or designing other structures or processes for carrying out the
Same purposes of the present invention. Itvshould also be realized by those skilled in the art that

such equivalent constructions do not depart from the spirit and scope of the invention as set forth

in the appended claims.




control wafers, wherein a single control wafer nay be used at nore
than one fabrication step; [00211 Figure 5 is a flow diagram
depicting a prior art BOM (bill of materials) for a single
fabrication step; [00221 Figure 6 is a diagram depicting a control
waf er managenment systemw th an abili t6y to bal ance control wafer
inventory and to mnimze control wafer usage, according to a
preferred enbodi nent of the present invention; [00231 Figure 7 is a
fl ow di agram depicting a BOM for a single fabrication process step,
wherein the BOM has support for bal anced control wafer inventory and
m nimzed control wafer usage, according to a preferred enbodi nent
of the FFREEEMESGRIBRIGNAF THIORBRAWINGS e 8 is a di agram depicting a
rel ati onship between a BOM and a fabrication process dependency
graph, according to a preferred enbodi nent of the present invention;
and 7 [00251 Figure 9 is a diagramdepicting an exenplary fabrication
process [6k6] r ol Féd aaworeREmplelQinki in the

D e T O P L AN G P B adppgnees

fabrication process, according to a prefer

resent thaatdtefeBice 8 O : _OF | LLUSTRATI VE. EVBODI MENTS
I[00026] The rnatkiengce:anél1 uEﬁldsEg‘hggﬁtgag?%é%ﬁ@q;n%%?%lpfgﬂuﬁﬁHBd‘fl s

are di sgmqﬂnﬁﬂg@gwgl inwgbpew. 1t shoul d be appreciated, however,
that the present inventi on pr'oyi des many applicable inventive .
concept S00pt CAguR el R Ebudf aditind L Sioks O SRS on bepeim et

semiconductor wafer undergoes during the fabrication of an integrated circuit on the wafer:
>

[0018] Figure 2 is a table listing several main types of control wafers;
[0019] Figure 3 is a diagram depicting a prior art system for managing the use of control
wafers;

[0020] Figure4isa diagram depicting a second prior art system for managing the use of
control wafers, wherein a single control wafer may be used at more than one fabrication step;
[0021] Figure 5 is a flow diagram depicting a prior art BOM (bill of materials) for a single
fabrication step;

[0022] Figure 6 is a diagram depicting a control wafer management syétem with an ability
to balance control wafer inventory and to minimize control wafer usage, according to a preferred
embodiment of the present invention;

[0023] Figure 7 is a flow diagram depicting a BOM for a single fabrication process step,
wherein the BOM has support for ba]anced control wafer inventory and minimized control wafer
usage, according to a preferred embodiment of the present invention;

[0024] Figure 8 is a diagram depicting a relationship between a BOM and a fabrication

process dependency graph, according to a preferred embodiment of the present invention; and



enbodi ments di scussed are nerely illustrative of specific ways to
make and use the invention, and do not Iimt the scope of the

i nvention. [0027] The present invention will be described with
respect to preferred enbodinents in a_specific context, nanely a

sem conductor fabrication plant. The inventi on may al so be appli ed,
however, to other manufacturing situations wherein sanples are nade
of different steps in the manufacturing process and there is a
desire to mninm ze the nunber of sanples needed. [0028] Wth
reference nowto Figure 1, there is shown a flow diagramillustrating
a typical _series of fabrication process steps that a sem conductor
vaf er (ol%Inpl Fiewmp évs diagrare dgpieting ahuaxemglatyhiabricibh R¥ERRofRfol flow and
integrat&@ﬂdez&cescﬁgﬁthe wafer. After the creation of a silicon
ingot, thadpvicdeettrohehfersinaliceabridatib Hivcdsd Sickdi@i Lshed and
clean (block 105) to a mirror-like ??ﬁish. A??%Pﬁﬁg?ﬁgﬁﬂﬁghgﬁﬁm“5H&e
cl eani ngpreseheinwattiesi. i S exposed to ultra-pure oxygen in diffusion
furnaces (block 110). This is known as thernal oxidation or
deposition. [0029] After deposition, a mask is applied on the wafer
(bl ock 115). The mask protects portions of the wafer while
permtting work to proceed on another portion. This may be foll owed
by etching (block 120) wherein portions of the wafer are renoved when
the wafer is exposed to either a chemcal solution or plasma. Doping
(block 125) is the introduction of atoms with nore or |ess electrons
than silicon. Doping alters the electrical characteristics of the
silicon. The 9 deposition, masking, etching, and doping steps may be
repeated nultiple tines until all desired active devices are forned.



[ 00301 Once the active devices are fornmed, the active devices are
interconnected via a series of nmetal conductors fornmed by a series

of depositions of netal and dielectric filnms (block 130). Finally, a
passi vation (non-conductive, protective) layer is laid on top of the
waf er (bl ock 135). The individual int8egrat ed circuits (1C are then
cut fromthe wafer (block 140) and packaged for wuse. Note that
Figure 1 displays the fabrication process steps for a typical
fabrication process and that different fabrication process

technol ogi es may have different process steps. [00311 Each step of
the fabrication process discussed in Figure 1 involves a relatively
conpl ex BETAESEDD il mf steps are
occurring with degig?ggﬁ?ggu?fs, ' %gﬂlgf&o%gﬂs}@@@ﬁ@s e nonitored and
wel | regulated. Since the fabrication occurs on a mcroscopic scale
and typically in clean-roons, it is difficult to physically observe
the fabriyggdi ongle %‘ | pstead, the results of the fabrication steps
(the wafers) are &xam%éld pingiek thy presratly pecfyrend embadiments asd digsissed én detail
pr oduci r}%kyvaf{ers eting specified paranmeters. [00321 However, the
wafers may'bé S&awg%sap%f Aited hewatarthsdhertestat innantioh erqvives naay applicable
exam nat.ion.. Therefore, it nmay be desirable to use sacrificial wafers
whose puPpdEe Facenss thatean be embedicdiaral widermarity off spedific Eaaixis Thi fcific
steps. These sacrificial wafers are commonly referred to as control
waf er s. EJwdimantsdiscussed arcangptln dbaitrativerng sgici waye toVRRIS thd JQkLY p@@{:}&%
the same fabrication step as the wafers. At the conpletion of the”

f abr i'catdddo spdpnit thesceronif thelinwafier.s can be renpved and exani ned.
The used(&;z?ahe cgntrol waf ers | eaves the wafers untouched and hence
free fr anmadbe preskno inverivh &l B3 deRAbST With ' | 00331
After the exanination, the control wafers ar%ggeic%ﬂﬁz)?églédg%}b e%:'im(nlg‘fm"‘1

t hey werspeaifacemueatt, namely a semiconductor fabrication plant. The invention may also be applied
howevgr, to other manufacturing situations wherein samples are made of different steps in the

manufacturing process and there is a desire to minimize the number of samples needed.

[0028] With reference now to Figure 1, there is shown a flow diagram illustrating a typical
series of fabrication process steps that a semiconductor wafer (or simply, wafer) undergoes
during the fabrication of integrated devices on the wafer. Aﬁer the creation of a silicon ingot,
individual wafers are cut from the ingot and the polished and clean (block 105) to a mirror-like
finish. After polishing and cleaning, the wafer is exposed to ultra-pure oxygen in diffusion
furnaces (block 1 10). This is known as thermal oxidation or deposition.

[0029] After deposition, a mask is ap'plied on the wafer (block 115). The mask protects
portions of the wafer while permitting work to proceed on another portion. This may. be followed
by etching (block 120) wherein portions of the wafer are removed when the wafer is exposéd to
either a chemical solution or plasma. Doping (block 125) is the introduction of atoms with more

or less electrons than silicon. Doping alters the electrical characteristics of the silicon. The



or contam nated during the exam nation or if they have undergone a
sequence of fabrication 10 steps that prevents their further use) or
they are placed in inventory for future use. Note that depending on
the fabrication process steps that a particular control wafer has
undergone, it may be prevented from Fei ng used in certain
fabrication process steps. For exanple, if the particular control
waf er has undergone a passivation |ayer application step, then the
particular control wafer may not be usable in an etching step.
[00341 Wth reference nowto Figure 2, there is shown a table
illustrating several main types of control wafers, according to a
preferr sidi ] ) r i fon, Initiall a_ . r ol
Nafer 1 SoROD AN e, Ponng e BARR WAL bl BB dimbliBle s e
product i waf ers may then be designated into one of
sever al agﬁ%égpggfar{a%rg{éh. According to a preferred enbodi nent of the
pr esent [bf% nti n he different %%‘:)e of control wafers may be, but
are not U170 t ed PHCAEHRARICE A Fomeddheactive detiess atsrinterionngstedyvia a series
chem cal -vapagr de ossiléai on, (CVD). control = wafer, sputter control

waf er, 89&4“8 rsfaresd bycashescefl depesitinns oE mietaparid didleqanRimsbluick 630).
wafer, and gri ndi_ngl_ control wafer. It is possible for control wafers
of a certiBally: 3 Raseivetipnypon-eenduetive crtoleotivel bayes add di) topaf shediv4fbe(blyk 135).
type. However, not all control wafer types can be converted to all
ot her t yHhedndividyal inteavpied cireuity (ICH aicrthercmn froml thevahfer (ki 140) k&l packaBd &ir
be converted into a photo control wafer, while a photo control wafer
nmay be dBh\Note et Figure latispipys tatifatgicatiot protesyvatbgy for § BPRa] faWiédbion process and
reference nowto Figure 3, there is shown a diagramillustrating a
pri or arthat different fabrication process technologies may have different process steps.

[0031] Each step of the fabrication process discussed in Figure 1 involves a relatively
complex series of events. To ensure that the process steps are occurring with desired results, the
process steps are monitored and well regulated. Since the fabrication occurs on a microscopic
scale and typically in clean-rooms, it is difficult to physically observe the fabrication steps.
Instead, the results of the fabrication steps (the wafers) are examined to determine the fabrication
steps are producing wafers meeting specified parameters.
[0032] However, the wafers may be damaged and/or contaminated during the physical
examination. Therefore, it may be desirgble to use sacrificial wafers whose purpose is to measure
the performance of the fabrication steps. These sacrificial wafers' are commonly referred to as
control wafers. Control wafers are placed along side the wafers and undergo the same fabrication
~ step as the wafers. At the completion of the fabrication step, the control wafers can be removed
and examined. The use of the control wafers leaves the wafers untouched and hence free from
damage and/or contamination from the inspection.
[0033] After the examination, the control wafers are either discarded (if they were damaged

or contaminated during the examination or if they have undergone a sequence of fabrication



a

i Fresh control wafers

m for managi ng the use of control wafers. _
Z¥Zt§tored in agfrgsh control wafer inventory 305 where they renain
until needed. Control wafers that have ?ndergoneta fg?gl&ﬁé:gnthey

ess step are stored in a reclaimwafer inventory
P;g;in untiP scrapped (destroyed). Lé@tereq circles (for exanple,
circle A 315 and circle B 320) represent distinct fabrlcatlog .
process steps. 11 [0036] Alife cycle of atcoptr0|am2{${cgﬁyingo? and

[ om
foll ows: The control wafer, after being cu fr
i i i i tory 305. Wen
| ished, is stored in the fresh wafer inven _

2ggggdpo the control wafer is renoved fromthe fresh wafer inventory

afpvants theif Abthecask) OMthePirO SRS 18 §fRnto filfigre S0LE t
?gﬁrgggg?zgﬁtyecircle A 315. A&terﬂfﬁdgrg0|ng tﬂe%bggﬁﬁ%gPﬁbwbﬁrﬁﬁess

f i ' . {e nd then pl aced
tep, thiepouintgamlthetabatatios pRsa¥isRBGhal £5liLiTa10LEY . 2N a ,
?h Phe reclaimwafer inventory g?o. fO%géﬁ % e‘%ﬁﬁ? gﬁﬂgléﬁﬁﬁ?éﬂﬁmy

MERGYSRRIDE ' [ 1S nd results in the expenditure
\g?f :r | arge nu rr’t)eir}s%l]:qae gio@nqtsfdoﬁl cgg%del ?gsbn(sé?tﬁ)g YR Sﬁe@F OF G¥ATRRYS IQ\!&? particwgar

j ' t system
d ep.. A control wafer management
ol cher 60 2t G S R T A E GUPU el Gen Benugpacipaiacanapl

MU, gHi Jdnefficient. [0038] Wth reference now to
E?SLrgniN thégggfg S %@ﬁn%? F@ﬁggﬁFillustratlng a second prior art
S : use of _control wafers, wherein a single

control TR el ety 5 Figina 2 e Toshevhatisi dhiboring S0 mat G
CQnFrO| waf er n2yntro| waf er managenent system d!splayed in Figure
g', n} lhgr ggg?nr 8? W, fse?ccﬂﬁir’f&f@ AeFfeEspanhodithenp bithe present Friventiod., Hitfatdr es
control wafer is a blank, unprocessed silicon wafer, like the wafers used in production. These
blank wafers may then be designated into one of several different types. According to a preferred
embodiment of the present invention, the different types of control wafers may be, but are not
limited to: fumnace control wafer, photo control wafer, chemical-vapor deposition (CVD) control
wafer, sputter control wafer, etch control wafer, chemical-mechanical polish (CMP) control
wafer, and grinding control wafer. It is possible for control wafers of a certain type to be
converted (or downgraded) to a different type. However, not all control wafer types can be
converted {o all other types. For example, a grinding control wafer most likely cannot be
converted into a photo control wafer, while a photo control wafer may be converted into a
grinding control wafer.

[0035] With reference nov;/ to Figure 3, there is shown a diagram illustrating a prior art
system for managing the use o_f control wafers. Fresh control wafers are stored in é fresh control
wafer inventory 305 where they remain until needed. Control wafers that have undergone a

fabrication process step are stored in a reclaim wafer inventory 310 where they remain until

scrapped (destroyed). Lettered circles (for example, circle A 315 and circle B 320) represent

distinct fabrication process steps.



fresh control wafer inventory 405 and a reclai mwafer inventory 410.
However, rather than sinply using a control wafer for a single step
in the fabrication process, the control wafer managenent system uses
a fabrication process dependency grapg 407 to permt the reuse of
control wafers. [0039] A fabrication locess dependency graph is a
fabrication process dependent graph that displays relationships
between different steps in a fabrication process. For exanple, the
fabrication process dependency graph can display the fact that if a
control wafer has undergone a certain fabrication process step, then
the control wafer may be used again in certain other fabrication

process [8034)s, BUifecRodle 8t c&&t‘aﬁ{va{feﬁi%% p&hd fe’“"%%%%é%tg"ﬁ g‘%%egya%F g%ﬁé o

As di splayed in Figure 4, the fabrication process
407 i Sptdil & siibsh inBARl Bl POsnOl, if Shah iPRSHERPwARL 1 8RALLGE WAL
fabrication pr ocesg. Not e %%ats & di § er (llar&r)l{Rg abr %f e °[;¥r38ge eiy pieded,
differeq:e&gggiﬁg%}g Lo _@ave dif%er nt fabrication
process gepen ency g ? %’%ﬁg % %%rl;r 8%?‘%3 5?‘?5?‘%9“’510 8¢ Brovided g fahcation
depende h.displayed in Figure 4, As an exanple, the
fabr | cati ok HTos kb R e P-ak e/ 3 1 Al agdetening the fibrestipn process
controls&wa er coqin% fromthe fresh control wafer inventory 405 nay
be used S BREOT! FaFes i Pxamned esulis notsd id dienlagsd in the eqslain wafe in@ntory
417, or 419. Note that the fabrication process steps are
p p
represeﬁ%gd by lettered circles. Once an initial fabrication process
step is Shosen for the fresh control wafer (as an exanple, assune
that t hd®t r oNoffthathinaentend wafer mapagpmentdysieoeis simplistioasiassults irffe A
415), then the formerly fresh control wafer can be used in one of
t hr ee addPedineg|of a large number of control wafers since a single control wafer is used per
fabrication process step. A control wafer management system implemented as displayed in
Figure 3 would have a high operating cost and would be quite inefficient.
[0038] With reference now to Figure 4, there is shown a diagram illustrating a second prior
art system for managing the use of control wafers, wherein a single control wafer may be used at
more than one fabrication process step. Similar to the control wafer management system
displayed in Figure 3, the control wafer management system displayed in Figure 4 features a
fresh control wafer inventory 405 and a reclaim wafer inventory 410. However, rather than
simply using a control wafer for a single step in the fabrication process, the control wafer
management system uses a fabrication process dependency graph 407 to permit the reuse of
control wafers.
[0039] A fabrication process dependency graph is a fabrication process dependent graph that
displays relationships between different steps in a fabrication process. For example, the
fabrication process dependency graph can display the fact that if a control wafer has undergone a

certain fabrication process step, then the control wafer may be used again in certain other

fabrication process steps, but not all other fabrication process steps.




fabrication process steps: steps D 421, E 423, or F 425. Note that
since the initial fabrication process step chosen was step A 415,
the control wafer is not able to be used in control process steps B,
C G H J, K L, or M [0041] As suc&&ssive fabrication process
steps are chosen for the control wafer? preferably randomy chosen
when there is nore than one choice, the control wafer can be
visualized as working its way down the fabrication process
dependency graph 407. Finally, the control wafer can no |onger be
used and is placed in the reclaimwafer inventory 410, where it wll
eventually be scrapped. [00421 Note that as displayed in Figure 4,

the fabrip@40i on Asddophyed idefigurel 2 Y f0FiaHon HREess ABYEnEG: BHY Gi
representation of the actual fabrication gr ogseggye\f\lhi ggg%ﬂs?yoglgﬂqsnmg
re

conput erpossiyls be ¥ feldoRINiYs foNPbarBOPIRbricARH b Noe th&tgﬁ iffgerr§,n 'j%icm

control wafer inventory 405 and the reclaimwafer inv

al so be groaek AR N8 . Jdf.the

i nvent orﬂires fl(gg i rrplr engn?gﬁg?hgcgﬁog%ﬁ@%? Wg&lﬁ%nﬁ Hﬁ%%[}%t}?%%es?my be
conf i gurfadedd i Ldentjfier, for ch control wafer in
et i raeperiency AR P op il Oy W) i BrerBtessgeoh pleoe i igure
control need arises.to make use of the control wafer.
A ter nac et e WiORE0 fieE RS oy waok 4l dvmlrsiian fashasmizoe
controla%ﬁgam§ iﬂf i%ier Ehi h. does not uniquely identify each
control wafer, Huf®y CH{FQ FONRe e ieF jnyenteryPe rak be psaddn ong ofglme fabtication
waf ers. __Shou such .a copputer based inventory be inplenented, it is

R
possi bl @G ERS TR P> R drax GA19. Notgithas the felirisatioseprresssisteslard hey

are needed. . o .
represented by lettered circles. Once an initial fabrication process step is chosen for the fresh

control wafer (as an example, assume that the control wafer was sent through fabrication process
step A 415), then the formerly fresh control wafer can be used in one of three additional
fabrication process steps: steps D 421, E 423, or F 425. Note that since the initial fabrication
process step chosen was step A 415, the control wafer is not able to be used in control process
steps B, C, G, H,J, K, L, or M.
[0041] As successive fabrication process steps are chosen for the control wafer, preferably
randomly chosen when there is more than one choice, the control wafer can be visualized as
working its way down the fabrication process dependency graph 407. Finally, the control wafer
can no longer be used and is placed in the reclaim wafer inventory 410, where it will eventually
~ be scrapped.
[0042] Note that as displayed in Figure 4, the fabrication process dependency graph 407
may be a graphical representation of the actual fabrication process which is stored in a computer
sysfem’s memory (not shown). Additionally, the fresh control wafer inventory 405 and the
reclaim wafer inventory 410 may also be implemented in a computer system’s memory. If the

mventories are implemented in a memory, then the inventories may be configured to store a



[ 0043] Since each step in a fabrication process may involve the use
of nore than one control wafer, a commonly used way to keep track of
avai l able control wafers and to maintain an inventory is through the
use of a bill of materials (BOM. A BOM nay contain a series of steps
and a recipe for the use of a control fer in a single fabrication
process step. The use of BOWs and BOWs thenselves are wi dely used
and are considered to be well understood by those of ordinary skil
in the art of the present invention. [0044] For each step in the
manuf act uring process, there can be a unique BOM Wen a step in the
fabrication process is chosen for a control wafer, then that control

waf er nﬁfiﬁ edbntifertfBeack Borilite vﬁ@/‘ixf @kirihe h@ Hlju e ﬁgrﬁﬁief (éa& ?fgt

t he cont waf er conpl etes the sel ecte e manu

process, joddies &RRbI @éfe}’\@fleq{ th% fled a&ﬁes'ég LANE Hée opfnﬁr;'lf (]:co:nﬁ"i)l?]\@at‘gro é? n%\la{tef‘%é; @?cm

the BOM If a subsequen een ¢ ose

thenlt .step's B nd the control wafer
ved"H ugi%%ﬁg%ﬁgé Al %‘*g B R T B Ehish oo
Flgure wnafl dla amlllustratln a prior art BOM
500 for a‘%‘cﬁ’dﬁeé‘“?% R H’affr' qg? 1% lentabies; dififrent|tynes @fcastrol wefeBOM
500 mvo%m definitigon of control wafer type Igbl ock 505). The
control F@Fu‘{lﬁ%"%’ﬁ% Ratsdipvsatornke mplemented, #is passiblede keaptooptroliveafers at

control wafer is_ being used in. For exanple, if the control wafer is

bei ng us@atrelafe bﬁﬁ'@t‘@“ﬁ%)ﬁiﬁwglesd@p then the control wafer may be

defined as a photo control wafer. After 14 being defined, the control

waf er i d0943par Since gachistep in a fatiisaticnprpeas inayinyolve @suss bemofelthande control

510). After the preparation processing, the control wafer undergoes

t he fabrwafen & compeuyessi wiyep ketp wadk of available control wafers and to maintain an
inventory is through the use of a bill of materials (BOM). A BOM may contain a series of steps
and a recipe for the use of a control wafer in a single fabrication process step. The use of BOMs
and BOMs themselves are widely used and are considered to be well understood by those of
ordinary skill in the art of the present invention.
[0044] For each step in the manufacturing process, there can be a unique BOM. When a step
in the fabrication process is chosen for a control wafer, then that control wafer is added to the
unique BOM for the particular step. Then once the control wafer completes the selected step in
the manufacturing process, the control wafer (or its unique identifier) is removed from the BOM.
If a subsequent step has been chosen for the control wafer, then it is added to the subsequent
step’s BOM and the control wafer is moved to an appropriate location.
[0045] With reference now to Figure 5, there is shown a flow diagram illustrating a prior art
BOM 500 for a single fabrication process step. An initial step of the BOM 500 involves the
definition of control wafer type (block 505). The control wafer type depends upon the fabrication

process step the control wafer is being used in. For example, if the control wafer is being used in

a photo-masking step, then the control wafer may be defined as a photo control wafer. After




515). Once the fabrication process step conpletes, the control wafer
may be exam ned to determ ne the performance of the fabrication
process step (block 520) and the BOM 500 conpletes. [0046] Wile a
control wafer nmanagenment systemw th a fabrication process dependency
graph as displayed in Figure 4 pernité4a single control wafer to be
used in nmultiple fabrication process steps and provides the control
steps and recipes (through the use of BOWs) to control the flow of
the control wafer through the fabrication process, the control wafer
managenent system does not intelligently allocate the control

waf ers, possibly resulting in an abundance of control wafers at one

rocess gd; I cess ep i s short. of control wafers.
Addi t oniﬁ‘%?éﬁﬁh%%%%%%@ﬁw‘“f% gfepﬁﬁsﬁEﬂﬁ%mtﬁ%@é?%oawgewemw )

in mninkgl otal nunber. of control wafers needed to properly
suppor t n}t\ﬁléng%%@ %gétt'?n HOfsP YR die coplypl praferanderepesttin fahdeationwracosskteg@bleck
6, ther e#gho%i agr amillustrating a control wafer nmanagenent
system 6 1% "2 2P Proeess pisp semrleies ke esintrolawafer mayboxaminedns t 0
mnimze, control wafer usage, according to a preferred enbodi nent of
the pr es%eﬁﬁﬂwwgﬁqrmnam@fgwﬁgbrmatiom@ss ste Eodreke520) ayisheBOSOSHoTRY

i nclude two _conponents, a control wafer nanager 605 that ‘can be

similar YPHH- control wafer managenent system di splayed in Figure 4
and an inventory nmanager 630. The control wafer manager 605 makes

use of al¥P¥iri caVhilrm pmtobwsfcompegdaat kysth MR atfbridesMhlocds 2k Qhrcy
control wafer to be used at several different fabrication process

steps. grarh dsidispinyed in Figwagenith a1 Sl Wil VMR h AL Pl

step in the fabrication process (for exanple, control V\lg‘% e? R %ff%

and contprotessetéperand Brovidéd Yheadrdl @&byﬂﬁﬁeﬁpm&igﬂrih%%rf BOMs) to control the
flow of the control wafer through the fabrication process, the control wafer management system
does not intelligently allocate the control wafers, possibly resulting in an abundance of control
wafers at one process step while another process step is short of control wafers. Additionally, the
control wafer management system does not work well in minimizing the total number of control
wafers needed to properly support the fabrication process. |
[0047) With reference now to Figure 6, there is shown a diagram illustrating a control wafer
management system 600 with an ability to balance control wafer inventory and to minimize
control wafer usage, according to a preferred embodiment of the present invention. The control
wafer management system 600 may include two components, a control wafer manager 605 that
can be similar to the controlvwafer management system displayed in Figure 4 and an inventory
manager 630. The control wafer manager 605 makes use of a fabrication process dependency
graph to permit a single control wafer to be used at several different fabrication process steps.
The inventory manager 63’0 contains an inventory 640 for each step in the fabrication process

(for example, control wafer “A” 642 and control wafer “B” 644) and includes a decision maker

645 to decide upon a subsequent fabrication process step for a given control wafer once it has



645 to deci de upon a subsequent fabrication process step for a given
control wafer once it has 15 conpleted a given fabrication process
step. Alternatively, the inventory manager 630 nay contain an

i nventory based on control wafer type_rather than process step.

[ 0048] According to a preferred enbodﬂ%ent of the present invention,
the inventory nmanager 630 nmay reside in a conputer system (not
shown) in the conputer's nenory (also not shown). The control wafer
manager 605 (including a fresh control wafer inventory 610, a reclaim
control wafer inventory 615 and a fabrication process dependency
graph) nma | so reside in the conputer systems nenory. Shoul d
contr ol fedpeghgdairatiqyripeass sap Ademapielathninsentory raanagai6pl ey
system (not_ shown), then the conputer system should be able to
conmmuni CaRBIN3H 1pxERIornlasyd orwemtrobwafrafype rddenn ken pandsssepf ort h | ocat ed
in a fabrication facility so that it will be able to control the
movenent{0&48] t he Acondingko apriferred embodimaat oI presehtiveGiDh RS invet&y
managenent system 600 may be a part of a larger IT (information

t echnol oupnkges B30 aay rdside ih & cOAPRESTHYMThSEZhEH) ih e TBRAGR L 35|
of a sem conductor fabrication ??ﬁean0049] %ﬁe gpeﬁgtignhggﬁﬁﬁEQBh&n

control shek® TREAGEIRALE: HRE&0S QB AGedS cdrllol QW i % reclai
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fabrication process step. For a giv pe,” a
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possi bl e next flabricatio process steps &
fabri caty raph displayed in Figure 6, when a
controlR&E@ggFgééﬁhn?ﬁﬁgggggﬁxéoﬁ?ggygﬁﬂﬁkwxﬁﬁwgﬁFSL 18 gprnmpipigatp fost

of poss 'n?zlcﬁin@r%),(&ontrol wafer banks, and so forth located in a fabrication facility so that it will be

able to control the movement of the control wafers. Alternatively, the control wafer management
system 600 may be a part of a larger IT (information technology) system that is expressly created
to manage the operation of a semiconductor fabrication line.

[0049] The operation of the control wafer management system 600 may be as follows: a
control wafer begins at a fresh control wafer inventory 610, where all control wafers begin. The
control wafer then is selected to use in a fabrication process step. For a given control wafer type,
a fabrication process dependency graph is used to determine a list of possible next fabrication
process steps. For example, using the fabrication process dependency graph displayed in Figure
6, when a control wafer is in the fresh control wafer inventory 610, the list of possible next
fabrication process steps are steps A 617, B 619, and C 621.

[0050]  Prior to a control wafer being used in a fabrication process step, it may be registered
(register 635) with the inventory manager 630. The registratioh permits the inventory manager

630 to maintain an accurate count of current control wafer inventory. Once the control wafer



fabrication process steps are steps A 617, B 619, and C 621. [0050]
Prior to a control wafer being used in a fabrication process step, it
may be registered (register 635) with the inventory manager 630. The
registration permts the inventory naiéger 630 to nmaintain an
accurate count of current control waf inventory. Once the control
waf er 16 conpletes the fabrication process step, it may be registered
once again with the inventory nanager 630. [0051] AfFer the control
waf er conpletes a fabrication step, the control wafer's next
fabrication process step should be determ ned. The deC|S|onlnaker 645
nmakes use of the inventory 640 to decide the control wafer's next

f abri caf?Bpictss Bisdabsicatiasyprodessy stepy dmplyde redistérbdonce aghin atithwad Rveri@y | ust
conpl eted fabrication process step A'617, then the control wafer's
next f alpagead3Ibn process step may be one of three fabrication _
process steps: step D 623, step E 625, or step F 627. Based on this

i nf or ma{005k]  t hafietabd cinadl WafkEdonfiesBHIbERBSKs1@Y, Rid BRrel v Rkt

inventory for steps D, E, and F. If one of the three steps has a

par ti culabricationtpkdebssWedpShould B&MiG@inedt TR décﬁﬁlrx?rﬁelt m%l\gg gs?e:[ og?l{e t vo,

then the decision maker 645 may determ ne the control w next
f abri cafnvemtoR 620 &S ecidethe éd?ltrgpwéf@x"’% ne?t@farbhgal#toﬂ rProfcgs%rs ef ﬁ%c}r%gﬁgglgés &%
step. If nore than one control wafer inventory Ts o m%t
i SS. S
then t hé'orﬁl[%ﬂvﬁfepﬂasgﬁéf EomPidrd mcé%lrlgngc%ce% sﬁ?& Egﬁg?g%ﬁﬁ 4 ?rglngtfﬁés ne?(t
random Alternativ , a priority system v 625 Wil al vavs
fabri cafy oo nd &g g cl sl.on maker 6¢ .
assi gn falﬁge%gﬁlp ?C%Féﬁgﬁ Eenrsi’;&t%g th (e)% GSI ?q’(f’a?f'ilmfo‘i‘??so?@é_sset?;& E ﬁ%eséqgj/wé, or
i i Ok i i i er. i nventori .
hi ghest stQ;g F (8547.'[13/215(!:({ onan{stitIu%lm?att%g,n er: 8ecis\{\<§1 maker 645 may check available control
inventory for steps D, E, and F. If one of the three steps has a particular control wafer inventory
that is less than the other two, then the decision maker 645 may determine the control wafer’s
next fabrication process step to be that particular fabrication process step. If more than one
control wafer inventory is equal and is low, then the decision maker 645 may select a fabrication
process step at random. Alternatively, a priority system may be assigned to the fabrication
process steps and the decision maker 645 will always assign the control wafer to the fabrication
process step with the highest priority if multiple control wafer inventories are equal.
[0052] With reference now to Figure 7, there is shown a flow diagram illustrating a BOM
700 for a single fabrication process step, wherein the BOM has support for balanced control
wafer inventory and minimized control wafer usage, according to a preferred embodiment of the
present invention. The BOM 700 begins by registering a control wafer being processed with an
inventory manager (for example, the inventory manager 630 (Figure 6)) in block 705. The

régistering operation allows the inventory manager 630 to keep track of the control wafer being

processed. After registration, the BOM 700 defines the type of the control wafer (block 710). For



[ 00521 Wth reference nowto Figure 7, there is shown a flow di agram
illustrating a BOM 700 for a single fabrication process step,
wherein the BOM has support for balanced control wafer inventory and
m nim zed control wafer usage, accor d'g g to a preferred enbodi nent of
the present invention. The BOM 700 b gi ns by registering a control
waf er being processed with an inventory manager (for exanple, the

i nventory manager 630 (Figure 6)) in block 705. The registering
operation allows the inventory manager 630 to keep track of the
control wafer being processed. After registration, the BOM 700
defines the type of the control wafer (block 710). For 17 exanple, if

t he BOMcka@iplesif #aROMat00ds MsédiatéRith EAkiAD 85 th
control wafer may be set to control wafer nf&y%% C.eP[S(t(:)’gg?]Qh%H}g;r&wa%

havi ng ixﬁ@ﬁeygaﬂo%ﬁdré]%ferttp&@'ontroI wafer is prepared for use in the
fabrication process step (block 715). After the preparation

processifpgs3jt he AgRphs 2! r e ~fabrication process step
(bl ock 7[2 0) ] Once t he ga*f% a?ellﬂglg&ﬁ%g%ozlg épvg?fgf)ls e 5‘?%’168{%@1,5@{'}1 © ?ﬂiﬁﬁﬂ&n
waf er L& ' g 0 rmne the perf.ornance o{ t he fabrication
proces rsT%\s‘? ep %ﬁf@“@ﬁ 5@) Aﬂgrtnt °p Wgaréﬁﬁﬂ H‘ngSF’B%{{E"t enero} yafep wlerases taf er
W th the tor nager 6&8 for second tinme. The second
regi st e??l%ll{g}:\éggne et ?sggtelﬁ gﬁ?ﬁlﬁ )-{Oge ﬁﬁ\fé‘?ﬂcﬁ'f‘?f‘ PRFFAY EEP 630pletsatthe ¢patrol
control wq.f er has conﬁl eted processing in its assigned fabrication
process ‘&t ep 2 GEaPIneH o oofhe Rerfprmgpoef deacdabricabior processistep otk 590)
waf er maé%l e ed in another fabrication process step (link to other
BOM bl GOR BERYM FQiregisters thecogteloyaferwith thy itneRiongmanagke6rfoea sapoad time.
fabricatjon process dependency graph (such as one displayed in Figure
6). G vere second registering operation notifies the inventory manager 630 that the control wafer has
completed processing in its assigned fabrication process step.
[0054] The BOM 700 then may check to see if the control wafer may be used in another
fabrication process step (link to other BOM, block 730). This can be determined by making
reference to a fabrication process dependency graph (such as one displayed in Figure 6). Given
the control wafer’s current location (process step), it is possible to detcrinine the next fabrication
process step where the control wafer may be able to go. For example (with reference to Figure
6), if the control wafer is cufrently at fabrication process step D 623, then the control wafer may
be able to be used at fabrication process steps O 627 and P 628. However, if the control wafer is
currently at fabrication process step V 629, then the control wafer may not be used at other
fabrication process steps and may be sent to be reclaimed (reclaim inventory 615).
[0055] If the control wafer can be used at other fabrication process steps, then may be
possible to link to other BOMs. To link to another BOM, the BOM 700 sends a request to a

decision maker (for example, the decision maker 645 (Figure 6)) to select another BOM (block

740). The BOM 700 then completes is operation with the current control wafer.




the control wafer's current |ocation (process step), it is possible
to determine the next fabrication process step where the control
wafer may be able to go. For exanple (with reference to Figure 6),
if the control wafer is currently at gbrication process step D 623,
then the control wafer may be able t0°be used at fabrication process
steps 0 627 and P 628. However, if the control wafer is currently at
fabrication process step V 629, then the control wafer may not be
used at other fabrication process steps and may be sent to be
reclainmed (reclaiminventory 615). [0055] If the control wafer can be
used at other fabrication process steps, then maybe possible to link
to other : ith | er t he, BOM 700 sends a request to
a deci S{@%@kalﬁ?ﬁ% *égér&extécg éﬁg’ﬁé, ‘%“ﬁcmeé? 5ishAvna fieerapuitustrtipg  elgiopship
sel ect & r | ogk ..740). The BOM 700 then conpletes is

oper at | O%Q%mgbt%ha @Wg %:Ograpg f tfab@ﬁﬁ%‘?"&m%é% endegey grapis$ 1 Onechrdingf te memeferred
now to Figure 8, ;.Qlere is.shown a diagramillustrating a relationship
bet ween eﬁ‘%’&\%‘%% fiTeset Ayeniien: Po disprssedensliatathe fbeinmipn pravpds dadhdency
according to_a preferred.  enbodi ment of the present invention. As

di scuss a@hﬂ?ﬁ ‘gf’Fepfqﬁéntﬁ%‘rqfé@ﬂdmﬁné‘#@éﬁ@bstvweqnéﬁﬁfémncyepsgﬂ dRmathktiér a
representation of interdependencies between different steps in the
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process step E 815) in the fabrication process dependency graph 810,
t her e nefBeeshfepandeoey saphi8 BOMefomaybem B6diRAB30MNRh 45B5M 385B e that

that is associated with one fabrication process step nay be di'fferent

f r om anct BOM BaONk assheitted with o0 fabeit/bn \Wrddassated thiyeleelitred:A .
process step. [0057) The BOM 805, which is aé?socyiqélt edewi ?tdng%dé%ggmw

step E 8b#,is assodated With a diffdrdie fBGMtion process step.
[0057] The BOM 805, which is associated with process step E 815, is similar to the BOM
700 discussed in Figure 7, with an initial registration 806 of a control wafer and a subsequent
registration 807 of the control wafer and intermediate process and recipe steps. However, a BOM
that is associated with process step V 820, for example, may be quite different. This may be due
to the fact that after process step V 820, a control wafer may not be usable for any remaining
fabrication process steps and should be reclaimed.
[0058] With reference now to Figure 9, there is shown a diagram illustrating an exemplary
fabrication process control flow 900 and the flow of control wafers in the fabrication process,
according to a preferred embodiment of the present invention. The fabrication process control
flow (control flow) 900 represents an exemplary fabrication process and illustrates the flow of
control wafers (not shown) throughout the fabrication process. Note thét the control flow 900
represents a single fabrication process and that a different fabrication process will likely have a
different control flow.
[0059] The control flow 900 may include several different semiconductor wafer fabrication

areas, such as but not necessarily limited to: DIF (diffusion) area 910, CVD (chemical vapor




700 discussed in Figure 7, with an initial registration 806 of a
control wafer and a subsequent registration 807 of the control wafer
and internedi ate process and reci pe steps. However, a BOM that is
associated with process step V 820, f@% exanple, may be quite
different. This nmay be due to the fact that after process step V
820, a control wafer may not be usable for any remaining fabrication
process steps and should be reclained. [00581 Wth reference now to
Figure 9, there is shown a diagramillustrating an exenplary
fabrication process control flow 900 and the flow of control wafers
in the fabrication process, according to a preferred enbodi nent of
the pr es@Bpsition) @reiddh. plivtreartdP0;, DAP (icmplqntadioaarecOTS, sitter £rb0V80( 6RR LIS
flow) 900 represents an exenplary fabrication process and illustrates

the f1 0wt CMit(eberaikalwadobarca] polishy rexpd0, ahd giahaut 945 & dfi@BRAIG e htrol
process. Note that the control flow 900 represents a single
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likely have a different control flow [00591 The contro
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952 to sputter area 930 illustrate the movements of control wafers which have undergone at least
one stage of fabrication processing.

[0061] A preferred embodiment of the present invention has been successfully implemented
in several semiconductor fabrication facilities and savings in control wafer usage have been
significant. Control wafer usage has gone from 0.4 control wafers per actual wafer produced
down to 0.2 control wafers per actual wafer. This 50 percent savings in control wafer usage has
resulted in significant dollar savings as well. For example, if a single fabrication facility
produces 40,000 wafers per month, then a savings of 0.2 control wafers per actual wafer would
be 8000 control wafers per month. If each control wafer has an estimated cost of 100 dollars,

then the savings would be $800,000 per month per fabrication facility.

[0062] Although the present invention and its advantages have been described in detatil, it
should be understood that various changes, substitutions and alterations can be made herein

without departing from the spirit and scope of the invention as defined by the appended claims.



process areas, with the exception being the CVWP and grind areas 940
and 945. This inplies that fresh control wafers nmay be provided to
any of the remaining process areas at anytine. Dashed |ines, such as
dotted line 980 fromDIF area 910 to ?g?mk 5 960 and dotted line 981
frombank 2 952 to sputter area 930 | ustrate the novenents of
control wafers which have undergone at |east one stage of
fabrication processing. [0061] A preferred enbodi nent of the present
i nvention has been successfully inplenmented in several sem conductor
fabrication facilities and savings in control wafer usage have been
signifi\(lz\@%:? Control wafer usage has gone fromO0.4 control wafers per
act ual 1 pr ddereesr, thoseape of the Rrespatippiibation §aics if&1ded & 1Al miNah eF
This 50 percent savings in control wafer usage has resul ted 1w the
si gni f i cRERtCUsEmbpdimants oGthe asces| hachire] meXFBkE, cohfoodsh D@l

fabricati oﬂr;@&c aciil ity produces 40,000 wafers per ﬁtﬁ,n?ﬂgﬁmﬁmeﬁm:
savi ngs B¢thgis2and staps descritfl & Sie BRIcifREHH d, . jpe 8000 control
waf ers per nonth. |f each cont% vvat?deifhﬁg@é(g;mae@ P KA e g willreadip

dol | ar s, apptehiete frdne teaiscldgse WP Srds : 81? er_nonth per
fabrication facility. [0062] Al ?ﬂougﬁgtgﬁé& QBT ?’ﬁ?}\é‘f*ﬁgi BHUSGHIS, S

advant agesphsitiensREamiee aesdsogeml il it . should be understood
that various changes, subst i?‘gtth%)&okhgresté%a’ BIFSPPLEXISRG of ferfebadsveloped,

herei n tirdtipb@otn SORaKEN0 Gl spirit and scope of the invention
as defined by the appeanggg S(%{ﬂg:f&nigﬁorb%afé‘@&ﬁ“gmt@gv&e,samheesslt@&eof

the presentspabhd &abd I t, i.ntended to be |imted to the
particul ar anbod nentds?tggétss(ti‘%gnbﬁfl @Elgg’sr?ayn%ﬁ’i? Aed acendirfete therpeesent invention,

conposi tARerdf 1yTRE! ns met hods and steps described in the
speci fication: As ol éenggg %?‘msﬁéﬁ' gpteg%q tp incipde methigy theins¢dpe sehobrdegsses,

machines, manufacture, compositions of matter, means, methods, or steps.




appreciate fromthe disclosure of the present invention, processes,
machi nes, manufacture, conpositions of matter, neans, nethods, or
steps, presently existing or |later to be devel oped, that perform
substantially the same function or acgieve substantially the sane
result as the corresponding enbodi nents descri bed herein may be
utilized according to the present invention. Accordingly, the
appended clains are intended to include within their scope such
processes, Wb 1SSl AmeEmifsict ure, conpositions of matter, neans,

nmet hods, or steps. 21 WHAT IS CLAIMED IS: 1 A nethod for controlling
the use of al.controla meh&l fof h:SLRY.. . reqgistering the control wafer
a first tine; using the cont?%@ﬁ&g g@P“ﬁ”ﬁ%ﬁﬂgﬁéwﬁﬁ@mmwéh@ontro|
waf er a second ti nejegathgin I j econd use for the contro

waf er. 2. The nethodggf cfgﬁﬁﬁﬁ%hﬁﬂ%?%ﬁﬁ§Pﬂg first and second

regi stering conpri Sesng thednibld the control wafer with a contro
waf er inventory. 10 3. The nmethod’of claim 2, wherein there are

di fferents control wakRierihyRes erein the control wafer
inventory is organized bygcon?wgpgaé?%?m? e and  The nethod of cl ai m

2, wherein the contgeltiief &Eshd ed in_a fabrication process 15
with a plurality of pr&%%is st3%§?¥§ﬁ8°vﬂévéﬁﬁ the control wafer

inventory is organi zed by process

5. . )
The method of claim 1, wherein the first and second registering comprises

registering the control wafer with a control wafer inventory.

10
3. Th i i
e method of claim 2, wherein there are different control wafer types, and wherein
the control wafer inventory is organized by control wafer types.
4. T . .
he method of claim 2, wherein the control wafers are used in a fabrication process
15 with a plurali i
| a plarality of process steps, and wherein the control wafer inventory is organized by process
steps.
5. T i i
he method of claim 4, wherein the first registering comprises incrementing an
inventory associated with the control wafer.
20

6. T . .
he method of claim 4, wherein the second registering comprises decrementing an

mventory associated with the control wafer.



steps. 5. The method of claim4, wherein the first registering
conprises increnenting an inventory associated with the control
wafer. 20 6. The nmethod of claim4, wherein the second registering
conpri ses decrenenting an inventorymﬁzsociated with the contro
wafer. 22 7. The nethod of claim1, rein the using conprises:
preparing the control wafer for a process step; and processing the
control wafe?. in thghpﬁggﬁﬁgfa£e8.gﬁg_The met hod of claim11, wherein
C b

t he sel ecting conprises: 0051 N Ba diedsing eorprises:a f abri cati on

process dependency &agﬂ't d dding the control wafer to a contro
wafer |ist associ at gd W ?hﬁe{]‘iﬁ”éﬁ@é‘@&ﬁ%@g@w@_s&m@dmgt hod of claim 8,
wherein the list isypalt; a hill. of materials (BOW, and the 10
BOM cont ai ns pr ocesses Salﬂ%ﬁlfecg?fﬁ’irg’a@bmﬂ&mmwpmhi chit is

associ ated. 10. The nethod of claim | further conprising exam ning
the control wafer after the using. 15 23 11. A nethod for m nim zing

control wafer usagery fahrication process of a plurality
e'}n&hodaot} cialm 1, wherein the selecting comprises:

choosing a second use from a fabrication process dependency graph; and
addi
ing the control wafer to a control wafer list associated with the second use

9. i i
The method of claim 8, wherein the list is part of a bill of materials (BOM), and the

10 BO i i
- M contains processes and recipes for a use to which it is associated

10. The m i isi
ethod of claim 1 further comprising examining the control wafer after the

using.

15



of individual process steps conprising: registering a control wafer a

first time; using the control wafer; registering the control wafer a

second tine; determning a list of possible subsequent process steps;

and sel ecting a subsequent process stszg fromthe list of possible

subsequent process steps. 10 12. The thod of claim 11, wherein an

inventory is maintained for control wafers at each process step in

the fabrication process, and wherein the selecting conprises:

determ ni ng allnunber AGfetisd wafers at each process step in the

list of possible subsequeg%rrlgﬂrni%%%gcé?&eo%‘é’? eé‘?fag"slélaé&ricw@n@rqym@és§1ufaﬁty
f

step wi th thefsmiblidebirof g - rol wafers. 15 13. The nethod o
claim12, wherein a plurali tycg%p%?%(t‘:ess steps in the |ist of

possi bl e subsequentregk codbr ave hoth the snallest nunber of
control wafers and an equa nunglg}?afgo TS ol waf ers, and wherein

the subsequent pr ocagﬁlgsﬁeeognjr?@%rect ed at randomfromthe plurality
of process steps with an equal nunber of control wafers. 20 14. The

met hod of 5cl ai m 12, whae&i-nné, i ndi vi dual. process step is assigned
a priority number, wher eiglr}ha@oglpﬁfr“ﬁ P ondtinseess steps in the Iist

of possible subsequerferRhREa8: &ngps%leh sal%seequent process steps; and

selecting a subsequent process step from the list of possible subsequent process

steps.

10 12, i i i
The method of claim 1 1, wherein an mmventory is maintained for control wafers at

each process step in the fabrication process, and wherein the selecting comprises:

d . .
etermining a number of control wafers at each process step in the list of possible

subsequent process steps; and

selecting a process step with the smallest number'of control wafers

15
13. i i i
The method of claim 12, wherein a plurality of process steps in the list of possible
subsequent process steps have both the smallest number of control wafers and an equal number
of control wafers, and wherein the subsequent process step is selected at random from the
plurality of process steps with an equal number of contro} wafers
20

14. i i i
The method of claim 12, wherein each individual process step is assigned a priority

num . . ‘ - .
ber, wherein a plurality of process steps in the list of possible subsequent process steps have

b
oth the smallest number of control wafers and an equal number of contro] wafers, and wherein



both the small est nunber of control wafers and an equal nunber of
control wafers, and wherein 24 the subsequent process step is the
process step with the highest priority nunber fromthe plurality of
process steps with an equal nunber of .control wafers. 5 25 15. A
systemfor controlling the use of a c@%trol waf er conprising: a
control wafer manager with circuitry to nmaintain an inventory of
fresh controlﬂﬁﬁgggrs, an inventory of reclainmed control wafers, and
a fabrication Qusnichepresoapdy the hRsks : . bnyent ory manager
coupl ed to thg@g&gi&ol waf er nanaggr, tﬁ%ﬁﬁﬁggﬁpg$$¥ﬁﬁﬂgéé¥m&*ﬁDHHhe
cont ai ni ng ci {1£57Qf pragesyaiepd witiNaBduil f.control wafers used
in a fabr?cation process. 16. Théafys?ﬁﬁﬁﬁgkg[%?hv%%§‘mherein t he
inventories of fresh and reclained control wafers contain unique
identifiers for every control wafer. 10 17. The system of claim 15,
wherein there is a plurality of control wafer types, and wherein the
inventories of fresh and recl ai ned control wafers contain unique
identifier$ for every type of control wafer. 15 18. The system of
claim 17, wherein the inventories of fresh and reclai ned control
wafers al so contain a control wafer count for each type of contro
waf er .



19. The system of claim 15, wherein the inventory manager further
conprises a decision maker unit having an input coupled to the
inventory of control wafers and an out put coupled to 20 the control
waf er manager, the decision nmaker unit _containing circuitry to sel ect
a subsequent fabrication process steésfor a control wafer that has
conpleted its current fabrication process step. 26 20. The system of
claim19, wherein there may be nore than one possi bl e subsequent
fabrication pfocess Atseym fondontollingitie dsbef A&t r@&§§ %glt uses an
inventory of control wafers for each of the p033|% ub guent

fabrication process ®tspel vafet mmbhge wbthicheuiHRSEGY
process step with the fewest nunber of contjrdol ?Htann{vg&ortyo EreS%contrOI

inventory. 5 V&fers, Ihinveyeyefireohintddabial Mrarsd) 8hEl £
t han one possibl e subsequent fabrication procesgh%l&ggna?ﬁa?mH%WWﬁﬁWh

nunber of costdol wafers and with the same nunber of control wafers,
then the decision maker unit selects a subsequent fabrication process

step at ®Bandom out anfinveh®rysminapér cBASE Blie SHRS ! fabr| cation
process steps with the sanme nunber %fﬁ 10 contr%Ta ef, thejnvenjory manager

system of cl adniaigiig civduitryetb mafradih b @béroty BE Q5! arecassigned a
priority nunber, and wherein if there s mfﬁgﬁ?ﬁ%rgg%ﬁén%%ggfaﬂg‘épmcess-

subsequent fabri cati on process step with a m ni num nunber of control
waf ers and the sanme nunber of control wafers, then the decision 15

magﬁ (r_:. r u B:— |t 0? Iéf ;\ct S dhsspsedoMimi130kheah 1R REBEEST Rl £hd' rectlalmed control

Wwafers contain unique identifiers for every control wafer.

10

17. The system of claim 15, wherein there is a plurality of control wafer types, and

wheres . . .
herein the inventories of fresh and reclaimed control wafers contain unique identifiers for every

type of control wafer.

15 18. The system of claim 17, wherein the inventories of fresh and reclaimed control

wafers also contain a control wafer count for cach type of control wafer.

19. The system of claim 15, wherein the inventory manager further comprises a decision

maker unit having an input coupled to the inventory of control wafers and an output coupled to

2 . . .
0 the control wafer manager, the decision maker unit containing circuitry to select a subsequent

fabrication process step for a control wafer that has completed its current fabrication process

step.
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20. The system of claim 19, wherein there may be more than one possible subseqUemv
fabrication process step, and wherein the decision maker unit uses an inventory of contro} wafers
for each of the possible subsequent fabrication process steps and selects the subsequent

fabrication process step with the fewest number of control wafers in its inventory.

21. The system of claim 20, wherein if there is more than one possible subsequent
fabrication process step with a minimum number of control wafers and with the same number of
control wafers, then the decision maker unit selects a subsequent fabrication process step at

random out of the set of possible subsequent fabrication process steps with the same number of

control wafers.

22. The system of claim 21, wherein fabrication process steps are assigned a priority
number, and wherein if there is more than one possible subsequent fabrication process step with
a minimum number of control wafers and the same number of control wafers, then the decision

maker unit selects a subsequent fabrication process step with a higher priority.




