WAFER BOW METROLOGY ARRANGEMENTS AND METHODS THEREOF BACKGROUND OF " THE

| NVENTI ON MCI Advances in plasma processing have facilitated gromh in the
sem conductor industry. Usually, a plurality of sem conductor devices may
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generally not taken during f deposition process. Thus, measurenent data
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be especially sensitive to wafer bow since the upper electrode may come within very close

proximity to the wafer in order to etch along the edge (e.g., bevel) of the wafer,

{0004} In a bevel etcher, the gap between an upper electrode and a wafer may be about 0.35
millimeters. However, the wafer bow may be as big as 0.25 millimeters, Thus, if the wafer
bow is not correctly identificd, the upper clectrode may accidentally touch the water, thereby
causing damages to the wafer and/or the upper electrode. In addition, since the amount of
plasma that may be introduced into the process module may also depend on knowing the
actual gap, not being able to accurately identify the gap may cause variation in the
processing.

[0005] Hence, before eiching may be performed on the wafer, measurements may have fo be
performed to determine the extent of the wafer bow. However, in-line measurements are
generally not taken dunng the deposition process. Thus, measuremnent data may not be
available to be fed mto the etching process in order to determine the extent of the wafer bow.

Instead, stand-alone metrology tools may he employed i order to deternune the
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measur enent of a wafer bow. However, the stand-al one netrology tools are
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of the wafer may prevent the wafer andfor upper electrode from being damaged. In an

example, if the true height of the wafer 15 0.25 millimeters; however, the local measurements

indicate that the height of the wafer s 0.20 millimeters. Since the processing steps require

0.1 millimeter {in this example) to perform the processing, but the upper electrode is actally

0.05 millimeters from the wafer, the wafer may inadvertently canse the wafer to be etched too

deeply, which may cause a bad semiconductor devices to be created.

[0009] To facilitate discussion, Figs. 1A, 1B, and 1C show examples of configurations of a

non-planar wafer. Fig. 1A shows a wafer 100 with a bowl shape in which an edge 102 may

have a higher height than a center 104, Fig. 1B shows a wafer 110 with a dome shape in
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[010] As can be Seen fromFigs. A and IC, different configurations my
exist for a wafer. Thus, taking neasurenents at a single paint may not be
sufficient to determne the true mn:until distance between the el ectrode
and the wafer, Even if nore than a single point of measurement is taken,
the tendency is to neasure toward the center of the wafer. However, as can
be seen fromthe figures, the true height may vary dependi ng upon the
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bow. The arrangement is positioned within a plasma processing system. The arrangement

includes a support mechanism for holding a wafer, The arrangement also includes a first set
of sensors, which is configured to collect a fivst set of measwement data for a pluratity of |
data points on the wafer. The first set of measurement data indicates a minimum gap |
between the first set of sensors and the wafer. The first set of sensors is positioned in a first

location, which is outside of a set of process modules of the plasma processing system.

[0013] The above sammary relates to only one of the many embodiments of the mvention

disclosed herein and is not Intended to limit the scope of the invention, which is set forth in

the claims herein. These and other features of the present invention will be described in more

detail below in the detailed deseription of the invention and in conjunction with the following

figures.



[00151 Figs. I A ID, and IC show exanpl es of configurations of a
non- pl anar wafer. [00161 Fig. 2 Shows, in an enbodi nent of the invention,

a. sinple block diagramillustrating exanples of different |ocations wthin
a plasma processing system(e.g.., bevel etcher) that a wafer bow netrol ogy
arrangenment may be inplenented. 100171 Fig. 3A shows, in an enbodi nent of
the invention, a sinple block diagram of a wafer bow netrol ogy arrangenent
with a single ;i_?a‘mfﬁdbrsms@moi@ﬁlﬂlr SEprABRishavsy THe s gmladi nent of the
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fer
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[0017] Fig. 3A shows, in an embodiment of the invention, a simple block diagram of a wafer
bow metrology arrangement with a single fixed sensor.

[0018] Fig. 3B shows, in an embodiment of the invention, a simptle block diagram of a wafer
bow merology arrangement with an array of fixed sensors.

[0019] Fig. 4A shows i an embodiment of the invention, a simple block diagram of a water
bow metrology arrangement with a moving sensor.

[0020] Fig, 4B shows in an embodiment of the invention, a simple block diagram of @ wafer
bow metrology arrangement locations with an array of sensors.

{0021} Fig. 5A shows, in an embodiment of the invention, a wafer bow metrology
arrangement with a fixed sensor and a rofating wafer.

[0022] Fig. 5B shows, in an embodiment of the invention, a wafer bow metrology
arrangement with an array of fixed sensors and a wafer that may be rotating.

[0023] Fig. 6A shows, in an embodiment of the invention, a sinusoidal curve.

[0024] Fig, 6B shows, in an embodiment of the invention, a sinusoidal curve with a
pertugbation.

[0025] Fig. 7A shows, in an embodiment of the invention, a wafer bow metrology
arrangement with a rotating sensor and a wafer that 1s stationary.

[0026] Fig. 7B shows, in an embodiment of the invention, a wafer bow metrology
arrangement with an array of rotating sensors and a wafer that is stationary.

[0027] Fig. 8 shows, in an embodiment of the invention, a simple diagram of a waler bow
metrology arrangement in which a wafer is rotating while a set of sensors is moving.
[0028] Fig, 9 shows, in an embodiment of the invention, a simiple flow chart iltostrating a

method for employing a wafer bow arrangement,




[ 00241 Fig. 6B shows, in an enbodi nent of the invention., a sinusoidal
curve with a perturbation. 100251 Fig. 7A shows, in an enbodi nent of the
invention, a wafer bow inetrology arrangenment with a rotating sensor and. a
wafer that is stationary. 100261 Fie. 7.B shows, in an enbodi nent of the

i nvention, a wafer bow netrol ogy arrangenent with an array of rotating
sensors and a wafer that is stationary. 10027] Fig. 8 shows, in an

enbodi ment of the invemtT.om. Da'znsi(rmipeuutkamza\rmobrafwﬁer bow netrol ogy
arrangenment _in which a wafer is rotating a set of sensors is noving.
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i nvention. Such apparatus may .include C|rc3|ts dedi cat ed and/ or
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inclnde a combination of a computerfcomputing device and dedicated/programmable cirenits

adapted for the various tasks pertaining to embodiments of the invention.

[0031] Those skilled in the art ave aware that once a wafer is within a processing module, a
plarality of steps may be performed in ovder t prepare and stabilize the processing module in
order to set up the proper condition and environment before the actnal processing may begin.
Thus, considerable amount of time and resources are dedicated to the preparation of the
processing module to create the right processing environment.

[0032] In the prior art, when a waker is being measured, there is a possibility that a water
may be identified as being a “bad™ wafer if the wafer has a configuration that may be oo
non-planar. 1f such a “bad™ wafer is identified, the wafex 1s usually discarded and replaced by
another water. Unfortunately, by the time a “bad”™ wafer is identified, a significant amount of
thme and resources may have already been spent prepping the processing module,

[0033] In one aspect of the invention, the inventor herein realizes that additional time and
resources are being unnecessarily added to total processing time, Instead, if the

measurements are pecformed outside of the processing module bot within the plasma
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[ 0931] Those skilled. in the art are aware that once a-wafer is within a
processing nodule, a plurality of steps nay be perfornmed in order to
prepare and stabilize the processing nodule in order to set up the proper
condition and environnent before the actual :processing nmay begin. Thus,
consi derabl e anbunt of tinme and resources are dedicated to the preparation
of the processing nodule to create the right processing environment. [0932]
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throughput provides a company a competitive edge over its competitors, With the wafer bow
metrology arrangement, the wafer bow metrology arrangement may be placed within the
plasma processing system, allowing for in-line measurements, without adding fo the actual
processing time.

[0036] To measure the movements, the wafer bow metrology arrangement may mehude
sensors, which may be strategically placed to capture wafer movements. In an example, the
wafer bow metrology srrangement may be placed near the entrance into the atmospheric
transfer modide (ATM). For example, the wafer bow metrology arrapgement may measure a
wafer as the wafer is being transferred by a robor from a front opening unified pod (FOUP)
into the ATM. Sihmilarly, the water bow metrology arrangement may be placed at the
entrance for the other modules, such as the enwance into an aligner, at the entrance into the
airlock modules, at the entrance into the vacoum transfer module (VTM), and the like. As
can be appreciated from the foregoing, the proximity of the location to the FOUP provides
the benefit of being able to quickly move the water in or oat of the plasma processing system.
Based on this criterion, the entrance to the ATM has a strategic advantage over the entrance
to the VTM.

{0037} In an embodiment, a wafer bow metrology arvangement may be placed within the
ahigner. Those skilled in the art are aware that the ahgner 1s configured to center 8 water
before the wafer is moved into a process modale. In order for the aligner to perform its tagk,
the aligner may at least include an electrostatic chuck upon which a wafer may be positioned

and a set of sensors for performing in-line metrology. Thus, incorporating the wafer bow




100351 In an enbodi mrent of the invention, a wafer bow netrol ogy arrangenent
may be inplenented in a | ocation outside of the process nodule. As

af orenenti oned, the nmeasurenent of the wafer bow inside the process nodul e
may cause total processing tinme to be increased. In the sem conductor

i ndustry, reducing processing tinme in order to increase throughput provides
a conpany a conpetitive edge over its conpetitors. Wth the wafer bow

et r ol 0gymafl R aeiRRinentiNg tN@Jl@ﬁe;b&Wx&Fﬁr‘é@de%l AbdifRgRIRNhe ARYeDeudd aced
within the plasma processing syste | owi n in-1ine nmeasurenents,

wi t hout a’elél‘?"ﬁ‘gmt« at 1fﬁémac1délézm|éme@si§i ﬁﬁ}’%if‘&’é“f “i@%@i“l%‘lfﬁ’é’a%‘d\a@ t he
movenent S;ooisheu\mﬁéq@%a%tﬁo%{ 1@91’01@0”0'&@4{‘9 BNty TRYaliflchHge: SERSAY S, Whi ch
may be strateglcal y placed to capt ur e waf er novenents. In an exanple, the
waf er bovPrpessys eymaraydd gerishie forepjache tp+ﬁ@é@“n@awiq«rhéllé%maﬁfcé%ﬂnt o the
at mos pherh b ARSEETREMEW ATV 1 Blor SRR NF HRLSTorBAY TR Of 00y
arrangenent nay neasure a wafer being transferred by a
r obot fronwa?¢Oommnoﬁﬁnﬁmb&Umm$Wad@pﬁﬁmaﬁﬂﬁﬁvaWt@}@hépmﬁw$ﬁ8rnﬁ1arIy, t he
waf er b Ovy)tlin?% 09 O(g%u%g;%%%? WS{ b@gy(}dblgd %Hl u é@bﬁm'gm{ @Q%m &%Ye the other
nodul es, 'sucC ance into an a | at rance 1nto the
airlock rm@mhremmtmo l:tdpest@mudaﬁdﬁe prncnm;btthm zva&umm tlnmi&rnm&udm aot(VTM, and
| ocat i on P8 TiENECUABRBGTAERS Thd” BRr R b B BES Iy “rove t ne
waf er in }hmhaum@fméahleumza&ma bping Geaswhity By stienis bEias eithaond otumd@ ofriterion,
the entrance to ¥ ATM has a nga&ggLﬁlagvanta e over th &éance to the
VIM - 100%F5 THSh "ERDEE Benbe Al TGaTdpe Betir Bt Tor 4y '&H‘ &‘é M nmay he
pl aced mnh@bnwﬁﬁ@ﬂ@ht@mambeI&@&@dSkiIIed inthe art are aware that the
al i gner hﬁv ?nfl q to center a waf before the ﬁaf is nmoved into a
process riBeRN & aq K atpewARsY i SPHEERERT § HOY RIS STRERPOHHR al i gner
may at | e@stys fRalmeder adhighebdsas kabifoahit gl MRES IWHiGR dwiRh afe Wiyt be
positioned and a set of sensors for performng in-line netrology. Thus,

|ncorporé@“ﬁﬁ“ﬁﬁé*W&P@%”BWﬁhﬁﬁﬁﬁ%ﬁ6g9“ﬁﬁ?§ﬁ@éﬁ%h?”ﬁhﬁ%¥@ﬁ@“§P?§he may
require AR lenmﬁw 1fut§Q@é‘~é QR of &Qu&‘b'seh)@-{)é; GR8he U mAS b A et iagrat | east one
addi ti onal sensor heri ng the necessary neasurenent data. 1100381 As
can be appret Im}étﬁ’ cpnf@mrqch@ ke mefg@irwgem\aﬁphweam thy wefer iopateddrsushi t hin a

pl asma pr £ y G A Wofret r ol ogy
B angenen Tk o B L g o L By e BT L

arr angemafmqud no ¢ ot geekbrendong aiset-of papacitiet yeotosgy sétet andyc tofs b’:fheiéeﬂ febcat i ons
has S|gn| n S I E S;
addi ti onaﬂ 'lgal :}qll%)m ?x& }* {;‘iR%&n %ﬂ%}? aisettg}t 9&1%?[%& &u\. fs ta Q%itlgﬁﬁs\é\@ Q der to
enabl e neaddrdient s to be perforned Al so, preC|ous tlne in prepping the
process not d" pd has to
e onovaBit Ghing RS SRse i B Shnds LM A s BB e Do ng

t aken Mixizﬁuieh&\emfee‘remqs;vbek ke s bt dr@bedvooistisd dethefvager ptiollegke prxdutie, nore
time may be allotted %p t he neggurenentlprpcess thereb¥ enabl.i ng ED
measur enéﬂ“t‘“‘ﬂaf‘%{“i ge Bleyaeiirady of ByRer PR EBs A N “‘"’e{w%é‘r“éfr “

met r ol ogyhakifRNGRMENkhdugh anef 096k Blag basurange ieatictRabudl haweehar ddhtd er ent
conflguratlons to acconnngate t he dlverﬁe | ocati ons |n whi ch the wafer bow

met r ol ogy CKFPRRGEHENOT B BHATRE MR CRBFRHERTD MO IR TP

et r ol 0gybRItE ARY SR MampBNeakl SIS 18Rty QlidiBENEB S cE@he PREKOSMRAY 1 Nn-1i ne
metrol ogy. The set of sensors may be configured to take nmeasurenents of a
waf er as ORBUERBO! ¢ vidkie dtesh S UYRDeHE SyPas it probewsiuiy! ey i n an
enbodi menf, haR LY u1%(*L?&f%ﬁ!sxﬁ{xsbcrm%mi%{x%ﬁ)hbH&HWlﬁaﬂQ{[(a uU”HL@d to a set of
contact sensors, a set” of capacitive sensors, a set of inductive sensors, a
set of | aderaigeriodssmanafigie pfisatiop desd Al thedwrdt derived frogetn agilitivas!| ect i ve
sensors. «fndPh AhehSRMAIANTna R Lhe |1 ke, 100401 In Lhe prior art, due
10 time ITmtati on at1al constraints in the processing nDduIe
neasurenﬁﬂ@@]ha@tbemﬂvakenkabomme“émdmwwupeih@@d@nﬂwhew%amenwoudW%ke t he
prior art,, ‘Q%mmltj foex rir}?tq uc{u?&rsseoft awa g althos s@nii‘éd i Eh‘é Xrt QTQ g NS not h?\( %ux
providing a mor bictuf the waf er f ugh one''sénsor may
be sufficient. to coIIect enough neasurenent data to deternlne the bow of a
wafer, a wafer bow netrol ogy arrangement with nore sensors may be able to
take nore sanpl e neasurenents, thereby providing a nore accurate picture of
the configuration of the wafer. Thus, the nunber of sensors that may be
included in the wafer bow netrol ogy arrangenent may be limted only by
physical limtation (e.g., space allocation) and a nanut heture's discretion
based on the benefit derived froman additional sensor in conparison to the
addi tional cost. 100411 In the prior art, a wafer bow may be d.etenni ned;




have the sane thickness. By knowi ng the thickness of the wafer, the recipe
may be adjusted to account for the thickness difference. In an exanple, a
reci pe may be designed for etching a standard wafer (which is usually about
0,77 mllinmeters thick), However, a wafer thickness may deviate from
standard, in an exanple, sonme wafers may only be about 0.55 mllineters
thick. Thus, the recipe that nay be designed to etch a standard wafer may
create defeck vexélem&%ck@kcv:;%nd% fe%ubsh oF'! 8 \\r'tfe@'tf?@ietr%e RRY badijtated when
the recipe is being applied to a thinner wafer, 100421 In an enbodi ment, a
second s éf agspuiy dprg e t§1cgws pigferpne éa apppoEte 8 resfpetmy Rideggnedder whingensor s
(i.e., Oniestﬁﬁjixdx Fer %&ﬁﬂ&?fs%mhﬁvlfa&ﬁ?bgd NN, ﬁl\w&\re\@n%ﬁﬁ?tﬁq&%‘egf set
sensors is placed below the e secon sensors may be

confi gur ew\'t@\ el ftoactiaddi th onedampagureenders mdatoahé% abm Ogamelinpeas i ons us
the first t- I h remen Jhe first
and secon}cfa? 19 ‘?‘?‘Q‘%ﬁ’ L Bt M!x*ﬂ &es%n&w% eeg‘gaggl %%H-: {W Ie%te d&f“e%,?lé i ned,
100431 Themfceaiuumeéexmsl ;faiﬂananpagelst @fjustedavlpn é&em;pww éﬂhmhn@w dbe better
understoop with.reference to the figures and di scussions that follow.
[0044] Fig*™3*fbws, in an enbodi ment of the invention, a sinple block

di agr am ijbe41$ tx at destgdexcanpbesndfet df fchanrenty b@pi&tgki@pgosm bhiha fiast p-ilt afm
processi n W et r ol o

ar rangeng ‘E“X‘rﬁfby ‘B‘é "?‘??f)?‘é‘h‘ghf“jﬁ““ o “B‘I“éélr‘fa“ aff" %@é’gi’ Ny °§ PR 6T ﬁgé i ncl ude
a plural iteppwohe ShRA! Maé echal Qi mdwa&aﬁmmonm@fm taeo;fw,ommamelm ng unified
pods (FOLIPs) 202 and 204, in which \gg ers ljnty &ﬁ iaced before bei ng
noved i nt“&)‘“ﬁi“a@%dﬁr‘ BB oGy esamtiFgttsaof b?’ﬁﬁ’és e to%EY consi der t he

Si tuat i ORnddNREBds fidi@ Ehe@HaBE Socomtt REsUTE@K0OfihvRiRh&s BaswhRI AGy Bé acked in
POOP 204, Traditionally, a robotic armw thin an atnospheric transfer

nmodul e (A‘TM”“QG may nove a wafer 218 from POUF 204 through ATM 206 to an

al i gner 286431 GRCRALAL 4l &&Qﬁi’mé"%&h@ﬁwe‘s&@%ﬁeﬁﬁﬂtﬂ%{ Af veadiehdgdBed the robotic
armmay nove wafer 218 from aligner 22 hr ough ,&TM 206 to one of the

ai rl ock rodighego finiigars sehdisapsions2lay fG“Phe ability of the airlock nodules to
mat ch t\t‘\g?tﬁt’l}”{fu‘)@%ﬂt\ :Q%‘é@x%ﬂdxf@}('cﬁgﬁ: iR, Qﬁx‘r{#@bik&a&%tr%}xﬂﬁ@% £ VINL 208

al | ows t o nove between two pressurized environnments wi thout
bei ng damagess Fildinran icmnxd:@mkthrrwddmeza rsueksisyemZ2 . baval eehepiBatmay be

moved | N9 QNG %ﬁmlaph u§1 Iagggl'ge%%pézﬁ%t%ed 2&ﬁiast%"lr%{m.msgw%\J‘\@m b@{{) a second

robotic armwthin € prio asurenents for
det er mi ninmg §3Mk\ﬂﬁﬂlﬁmﬁb0v\5ub&l mhcﬂdsmgﬁstamcmsmeh &ffrdzmepmmwminpdml es, As

can be s E{lF (QL’{)»,)O’W? an 7(}(4 L{{ hezéh Wi \;c. mavjbe pgl%é{ d b&?mt Emnw mnvu?m(o plasma
processing system 200 for processing,
[0045] Consider the sitaation wherein, for example, a cluster of wafors has being stacked in
FOUP 204, Traditionally, a robotic arm within an atmospheric transfer module (ATM) 206
may move a wafer 218 from FOUP 204 through ATM 206 to an aligner 220, Once the
aligner has at least centered wafer 218, the robotic anm may move wafer 218 from aligner
220 through ATM 206 to one of the airfock modules (AL 222 and AL 224). The ability of
the airfock modules to match the environment between ATM 206 and a vacuum transfer
module VTM 208 allows wafer 218 to move between the two pressurized environments
without being damaged. From an airlock module, such as AL 222, wafer 218 may be moved
into one of the process modules (210, 212, 214, and 2106) by a second robotic arm within
VTM 2068,
{0046] In the prior ant, the measurements for determining the wafer bow is performed o one

of the process modales. As can be seen from the figure, wafer 218 may be transferred




through a plurality of nodules before arriving at one of the process

nodul es. if wafer 218 is deened to be a."bad" wafer, wafer 21$ may have to
be transferred back out through all the other nodul es. As can be
appreciated fromthe foregoing, the total overall processing tinme may be
unnecessarily increased not only due to the tinme required to neasure the
waf er bow while wafer 218 is inside one of the process nodules., but also

due to thgoldHBplhRAN JTatbhdlies 6&’8@%@1\%@/@5@6ot‘/%ﬂe;ﬂo&éaemmﬂ&r i Safeeared " bad" .
100471 In an enbodi ment of the invention, a wafer bow netrol ogy arrangement

may be pHipanehPby Al amfsurEride Saravine s daeserrddariea f“ﬁ%‘éﬁ‘e‘é;’ Yenabl i ng

waf er pr%%%%aae«t OALQGH YE amééxﬁem@)‘iﬂ{e@%ﬁ&ﬁx @H&oﬁ%x@@h zg%cfe%{mdm In ot her
words, parallel processing nmay occur wth first wafer "bei ng processed.

wi t hi n a mprvdeewsecayaily enaitisddatot ey wag @rﬂubmw eIl lo gpairg féﬁ@é‘r‘ﬁah‘t“ may
measur e t\“@k‘@@iﬁ“&“l?%‘%%% mx@n»ﬂh@g[m@@fn dfli&Wk al%&@% ﬁx@ ug{quﬁr?@ in-line

nmetrol ogy may occur wt unnecessar ding to the tot overa I
process tremene aAf«afstU}hwlfthd\hre‘uwafiwneidsbdbened "bad", an inordinate amount of

e s RRRSE AR SUARE i DR TEASHEAIRNE S A0S, BENG BERLPLIE out oi de

of the pr or ement’1 oned, The possi ocations a
waf er bowhpstallepbgyd anmanqekmnmamohénsotht@bﬂenbhnmmnfmctah:enw@ces S
nodul es arrangement nmay

o oo eartie bRdiror e BDE SrEmit ReltRh B M e S B AR ™ o
t he waf erwithowfisetafal legy Redandafbinta fwbeebonadulonhiR3Be w Hﬁa&m‘ smesibsy may be

taken as the wafer, such as s fi into plasma
processi MY ESFEFRIPHOPe: “P'Gﬁll W‘?ﬁ?@‘?&)&f’m’l@ﬁb“ég “fﬁ ’%HT ff’“ftﬁﬁmt"rfe% Fement
dat a i dengdufol@d nta@cwaheihonSadtegarivatighyg &ﬂt&a 1088 ob@hingotess had" Awafier, very

little time and resources may have been wa d since the wafer is still
cl ose to ' wlEne fegied g@ p?"a@ﬁ’éf"}ﬂ‘d@?é‘g’l ‘H@’“& 8 EShLI0MfEHGHEL PR waf er bow

net r ol 0gYnALL@RGRIBE beilBYerfth®0d BB agdpetasaddiie the entrance of aliener
220 (Le., at a Iocatlon 32), in an enbodinent. Simlar to |ocation 230,

| ocat i on 19881 As afrementiencss B8 Pewsibinlecaony anaiss v f}‘li%%‘ﬁ?é} HIHEEEEE FFY syst em

200, t henghy ik BF RIS e AR0MMS Ry »abm%%ﬁ'gm{)&ﬁ;gémc'?@aﬁahﬂ% may have been
spent processing the waf'er, such as waféer if-the wafer is identified

as "bad" .m{ueBEOprrhrEeyent Im}dtth?é@ceéﬁﬁb@dlf’?réﬁtem@mmﬁ‘ é’f\ib&Mmﬁf@ asaien
arr angene,ag}} rmyplpé:r‘n‘p{ Qﬁg%z 1)51'5 H}Qﬁnl% { gtlxlﬁl(’ez%\f%g afl'oc &on 7% n?ea%tﬁ’&@én‘tscm“ze’ll) In

addition to he entranceé asma processing system 200,
| ocati on bgms:magnhalwsbx pnfdvr&d’emr%fibehef bstxnmwa!drteta@%smawﬁgamg|sy;}ttqnhg

corrponent.,%o o fftblatsrh A’“"’F (ﬁJP 5(5"4p pﬂmz %g (h Q{é&lﬂz C?Tp.% a4 xdgrttﬁgé é%q’%m %%9 R Per form

t he measurenen ave to
happen t as aiaa:bl‘lux tzhiaemma‘a&m ement\»ssydfrmt tee W&:l‘remumfwmp hpedaen W@ltésic ussi on

about the.wa arran | | in upcom n
figures. SInCe th Wi a?u 18 &utli ¢ 05& QB &L L ANIS Y p@%ma preus\nm A’&i’mqsg P 9

[0049] A wafer bow metrology arrangement may also be placed closed to the entrance of
aligner 220 (Ze., at a location 232), in an embodiment. Similar to location 230, location 232
is still closed to the entrance of plasma processing system 200, thereby minimizing the
smount of time and resources that may have been spent processing the wafer, such as water
218, if the water is identified as “bad™,

[0050] In yet another embodiment, &8 wafer bow metrology armangement may be placed inside
aligner 220 (Le., at a location 234). In addition to being closed to the entrance of plasma
processing svstem 200, location 234 may also provide the benefit of glready having existing
components, sach as a wafer-supported choack and metrology tool, to perfomm the

measurements, Thus, minimal modification to aligner 220 may bave to happen to enable the

9




[ 0051] Ot her possible |ocations for placing a wafer bow netrol ogy
arrangenent may include placing the arrangenent close to the entrance of
the airlock nodules (i.e., at location 236) or within VIM 208 (| ocation
238). The locations that have been nentioned are only exanples of the
various different |ocations that a wafer bow arrangenent may be placed. As
can be appreciated fromthe foregoing, the closer the water bow netrol ogy
arr ange”ﬁﬂ@asﬁ;@m@h@&ﬁﬁe ket RRy @Qﬁ&@n%a@cﬂmﬁ |a@x§@xe9{£@r%%§4 Hlrofp§t em 200, the
amount of time and resources that may be wasted if a wafer is deemed "bad'
may be miaiapgenmgl Wil beorovided i wrcouwdghpiigser minute for processing may be
mexi m zedygi foPBladife DRLPEARHLYAbY IRBGEGE mahRR8 " bad”
waf er i sdll geﬂ ?é@@é@%&eﬁ%ﬁfﬁ?fﬁgﬁﬁg hot  need e\(ti1 %e ' ?&t t eam‘f ro“rr]] overal |
processi r@smngnba ammngerdet clege (pdrefeommet héthmaalody @n@mh (of A1 fecaiif 236) b!()w
10052] As i 4 fe

mpl erent S o T PR e e A R ANAC BRDkyafes
arrangemacnttha@zzbmxﬁmnt}@dn@mtm d@afei bsbxherrqanemessnarm;dlpmm dome bei me may be
allotted for ol | ect
pet ter  meASFBRBAORGN e oy Uit v do s e glost A ilr TR RE L r be
m ni mal dh&&ﬂﬁﬁ&(b@FMﬁEDNkh&UUQ@&mJBKE&&QQ@Qn@hdmbhﬁiMﬂﬁmmbﬂhnmaﬁbc

enbodi nment di fferent co ons . to
el T R S AR N S VR L A LA
exanpl es gﬁ&emfgfm@meam\qm&cd fiade vy pb@ttsﬂw ienmatedvel¥ npreidviieate

di scussion, the next few figures wl l? h &1 ? d wth the wafer. bow

met r ol ogy Pad r‘é‘ﬁ@féhﬁ‘h’c‘“‘ﬁé@ﬁ%ob‘ﬁg‘r ltb.“awé&w? § plOes Rl ProrpsRE g g, 3A

Shows, i npapieLRALTeME nRhsuldi®nt SMBORERNbova Si npl e bl ock di agram of a wafer
bow rretrol(c})% arrangenent $00 with a single fixed sensor. Consider the

si tuati onl® r“el“ﬁm‘f‘ﬁ}{w%@a%l“é“f Roviareaploag prangemps 14 DS rapleEReE M an

al i gner ofedOR 19ha&R, @l&@%%&@fbb@ n‘i%lﬂ%lﬁnlé\, 3QshoeNeval BipihawaRlf Rk gy
arrangenment 300 may include a sensor 306 positioned above wafer 302. In an
enbodi merthe proesss peddes memtipremay 'meftiiﬂtsfcb@yp@f&@fﬁl*l@é&f&ﬁh@ﬂ@ﬁk@e?iaw#%hu ng the
di stance Gl WeRIL: Io%&@cl?bg&eli ﬁ}a::as%{%?xt}nf’icﬁﬂ tﬂ% x%(\@f 1}?5\ t@éﬂlgbcttlgpmﬁigaﬁﬁrof llgxarrpl es of
sensor 30 may | nclu are not 0o, contact sensor, capacitive
sensor, |tnduwnmmédzsemdwegweaﬁempg@ﬁseemdewhd a vedire Iisangdrodimet. aaediy e
sensor, thr S _ Dot £116Q f ti ensor
206 is sty xq)ng}l} dgﬁ? St Tlﬁ"trf} Qr{ghmaélg&;du 10 aicﬁﬁam)r(ég{\eié& fﬁequé%%é'ﬁag%? ’ﬁtg %an arr ay
of point Sfc‘t»(ﬁwb&’s nﬂh&urmdnmmham enbhigdiarentihst bhig bwfaﬁ}éﬁmilsuhﬁm ghim az

(Cji: ]Efe g;[, Ie(r)]{]m%%?’ﬁ{ne&) %flu{?ﬁ Lz %i\:‘ % )stlilsrsii?sqepxwéh ﬁzlﬁ. ragciz b?\s my mlﬂ %1 sran(femugg
bei ng talé:emgqhsxdmfefd@mnnlmmxms on the vvafer (e.g. , 310), the true

m ni mal mt e sur e derived fr e set of

reasur el Hihatelib o S oRerHb b GEom AR SRSk SRS nt (as
typi cal afowt B&rddgdvQFraddsiment {0008 M a singhe ReldisbisonN, Comafier hdawaimt windragy
arrangenent 300 may jnclude a. second sensor 308 Iaced beneath vvg&gr 302.
I\/Easurene‘ﬁf‘s""’c“ﬁkeﬁ“ﬁ&** SCris Besivssd ey Abgiee R '{a‘k’é’hg“%h‘é“’é‘dﬁ‘eﬂ“ﬁ‘ﬁ nd at

the sane PQLit §ov@ eGSR BnerASOCARY BRIAPRERCHIVE dodifiit kiR farggoi ng,
second sensor 308 is not required to take neasurements at each point that

sensor 3062 minanpahedingee sernsy VP dey bed mraokiemiorh camble ChfeRABYEE B waf er 302.
[ 0055] Tay;deletaBs: {tdaee,b}tba\ %&@&%n@h%feﬁmﬁ@anqd?ee%@mtq&@amwﬁy t he
two sensors axe added and the la is subtracted fromthe actual distance
bet ween tihdudenbit semso tigitethio, mtreiampl capHE by nEsph dueihe Sensst. d¥e bet ween
sensor 30 f S10:38,,1 and.t he @l stangesbet ween
sensor 30 mfapghmf)g“ Sggg }@Lgf%guﬁ){ }Hrm,theehrﬁ ﬂsslm ﬁ(r?ce trﬂ EI st a}r%ce bet ween
each senswonfifwationownsct aé(wrmiibww whise wadtanilles bntxmamm wh dipeby bebleem sensor s
gg?e?%dngg}%b O?%& t g.‘a.bﬁti}lhﬁl\m%@]eln an t.mli)O(?iﬂlL{]ll &]Iﬁ( qﬁ?ﬁ, IR { 10 nl?iﬂ‘ﬂ%g(g{u.@yt Eg V\ﬂf er
for both tbﬁﬁsmmb!fw7@m¢dbﬁcm0ﬁuakl wgbstodinced .h@témkﬁn Lﬁthﬁ\lmt\mf theqserise. Thus,

J;nhlel ;[ maf enlgcstsa p? Exaltitb of X\@];sg{wILRtQT l;[ct?nr Stakem amlﬁgre.lms pc)(il%é g’l? the \-\ﬁa%r?gs? 0»1%?) ) O 70
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[ 0056] Fig. 313 shows, in an enbodi nent of the invention, a sinple block

di auram of a wafer bow netrol ogy arrangenent 350 with an array of fixed
sensors 352. Wafer bow netrol ogy arrangenent 350 is simlar to wafer bow
nmet rol ogy arrangenment 300 in that neasurenments for a plurality of points
may be -taken along a single Iine. However, by having array of sensors 352,
nmeasurenents al ong nore than one line (such as |lines 358,360 and 362) may
be t aken.thdgucahahemaRtch@esh teRer it iR e dbrhRaFROT Be that maByrdaenisipl enent ed

wi thin a wafer bow metrol ogy .arrangenent nmay var endi ng upon a
manuf act dP*é&*‘dé‘fH’P%‘B%t"i‘B‘n“?mﬂ&@h’cf&b‘h"gs%l’?i&ﬂ(é‘ %@*ﬁg‘d& dediohdsuf i cient to

det er m ngo#dag 1PANRh, RafdBiRl mERfegy S RBRAL 100M Ly BN dVBREoTdehsE borde
addi tional sensors if the manufacturer determinés that the additional

neasurenéﬁ#kﬁéﬁﬁﬂhﬁyh%é@%déééwLFﬁ”@Fﬁ@ﬁhfﬁﬁﬁ¥69$aﬁvﬁtB%Pté?mﬁﬁﬂém§tandlng
of the coptlh,Qu4iakd Qe QEmEShQ s%x@r@b 2k ‘@er aphRciled frofhe BrSBinOfecdRNSOrs 354
may be pl aced beneath the wafer. As can be appreciated f from the foregoing,
one or noEEOsERSHR reaNreh tpleaEdnhERER Lt Fenses 06 IMaEdEve ken
neasurenggg§hlgq%igﬁxegggﬁqg%nghq%raﬁickness of the wafer. 100571 Fig. 4A
shows, in an enb |nen e ITnvention, a sinple block diagramof a wafer
bOM/netrdﬁ@@Wfaﬂwamg@nénﬂu@@@ﬁmﬁﬁhVwﬁwmvwﬁ@xgéwsﬁﬁdiEbﬁ@ﬁ@@&ﬁmméﬂ@|tuatlon
wher ei n, i K ctrostatic
chuck 404 ci8w1§“l)i %Q’R )E":i‘l’ is ?l%b a{m{ hmg%m d%ttRPn%l.t%zlug% fq‘n.,uplht{ 9\9 o d}g@}g E}eﬁsor 206
p05|t|onedmaﬁaymammﬁhﬂﬁﬁﬂﬂﬁmknbﬂhna1xnﬁmﬁwgmnanHSWO’$€h§0mﬁw®amh§nwDV|ng in
:‘mz)l glyres(:l{ n(?li’lm ,l[bf.%v gen ‘.gr}sm V\gg éxﬁisw 'ﬁua#(}l??bn@ 5 %’ I}lblhll?llﬁfgi \C QE‘I{LL g '& ta%t IHI(()‘nS PﬁZeb:
pluralit )beﬁ\feemaa:ﬂumemnI\&m;s(qi:mmagx hal elxmple.dhaﬁmtdndefhenmn 3@‘(9{)319'096 akbng t he
same lin

| ocal t o%gg %e%i ‘1‘“?*&‘“‘6&)‘ ﬁéﬁ‘f&k‘hﬁv’ﬂ& ‘é‘gai‘ﬁ)’fl‘é\/q?ic%m’%f“égm h‘i‘bﬁ‘éfm | &r% he vvaf er.
10058] Si t«ﬂik“ ddtarfc® frElnghe %S{alaome waleh @or b8h8eaddOViEon: theatuaindastic EYB«ftt»eﬂi‘ t he
invention, a sinp ock di agram of a bow trology ngemnment

| ocat i ondhuB® %"SPF? éf “f’al‘}}“é&/‘ s P %‘“ﬁ@?n TPV IS I Bt ‘6’1 § gﬁt angenent
450 is mdndgmh&@mmafer bow netrol ogy arrangenent 400 in that neasurenents

al ong a pIurall poi nts nay be taken as array of sensors 452 is being
nmoved acriB&¥] 5“\1\& él?i’“&s’@ anggedigent afithnygntign. A4yoRle blsehdigea™ ¢3refthan one
set of NMBAGULGIRIN Sk fMERNES 048 andB0y o ARG I482)rsBY. Dafd BkeMmdbipe tine.
Thus, nore neasuréenent data nay be available to determne the truée ninimal
of the wafiergempaORS siBERHo Fifs bow meaaldey Brgymesti 08 i BHTBIPHERE S t he

i nvent i Oy {J{QQ}“HQ’%{? }ﬁﬁ%’@%ﬁﬁ 0 Qlfom?’?giﬁplg i xé 419&‘/@&“?1 174%4%11& %Re&{ ively)
p05|t|one eneath the waf er econd s of "sensors E 454) may

col | ect nemsuriéantasdannts aﬁ@m e z@@zmakzo@mwimémas?t\he@& «itxis‘*tﬁﬂsfé%\ of
\?\S?SOT S ( S Qggz‘ﬁf}%?\hn{m %lptﬁggmx&r %?%Eﬂgor?ﬁ%{%&%@ }{Wg')ﬂ%l(%coiﬁ& {?lgizt%\kg tSQﬁSOI’ s
may be | rmmsmdroﬂcm\ az rsmmgieﬂat mzoﬂ xmts dapaxs:h&am}mh zminbfapmrantxs ispretibhe wafer in

whi ch mme l1| nt Sul %/ have beefrf] 9l l\@ ferTin Mz tb) 5 sfns T ,Qg of sensors,
Similar t8"the %ﬁ? Y E L SPHg e kﬁessL BF PPR ST AaFET “hty be det er ni ned
by subtr mi:}l;legtutelil eal; otaal to dichidandditiodal tdﬁ:@ors #nisomatudactier dmazhemeaamdt the

subtractl total fromthe actQ%% t ance ?etmeen ﬁ §g ?tsors.
10060. 1 rﬁf “0* “%W““I R LR TG f“’t‘ﬂ%" & BHEET BRerspogg OF U5 o\
net r ol Og)éo@‘ﬁdfu@qﬂ@ﬁmi‘fh% w8l Binlifar & ik xed asengemse0asandy ac pataticngumaf er 502.

Consi der t he S|tuat|?n wherein, for exangﬁe wat er 502 is 05|t| nedwi t hin
an al i gnéke B op Gk b PRETEted Iiar Hieifereaping km%@‘4ﬂ“’f\*f\ﬁflf”8“t“ﬁr§ L Yrer is

rot ati ng.pefeall HE Fhfel ¥ @flcTBRINLAIERE S flEﬁMnQedeE@Jﬁﬂﬂ thdkhRkEdsE GLhak: dﬂ.’lr rection
(508). Those skilled in the art are aware that while an aligner i

rot at i ng,I10¢¥é Fa& ﬁ@h@?“ saanerherimept the WEBHPY. deppele tlockHipgrant ofe "t“ﬁ%ft or der
of bow n%\&%l&}h% a%pmx%m&f()f) Q\%l \QI"!O\tHkIe‘\LﬁLdI gf‘ @ﬁsuﬁ:n %er@&(;mbﬁ wlAphirgal Iy
shown as a sinuso curve. In an exanple, Fig. shows, in an

enbodi merkamein lexﬁqtfp‘lﬂé isgfosiaiogrdagpoB ofan Qe @uvéaﬁié*r Wefsobay 602 may be
curve-fi tm ul’{}QQ( ré?d.,._@%qudgalma? lA{LYLEiLqQAZE;OI\Q;ﬁ Qtshigﬁadt ﬂ%\&r\%@ﬂmf EW&.

posi tion Vs, l'ated into theta since

rot ati onal veIOC|ty of the aligner can eaS|Iy be nmeasured and be verified
on nost aligner with the period of the notch detection. In other words, if
t he measurements in the z direction as a function of theta is plotted and
produced a




si nusoi dal curve, then wafer 502 may be consi dered as planar since the
curve is due to the rotational effect of the aligner. However, if the

si nusoi dal curve shows a perturbation (e.g., a bunp), then a bow nay exi st
on the wafer, In an exanple, Fig. 613 shows, in an enbodi nent, an exanple
of a graph 650 in which the neasurenent indicates a perturbation 654 in
conpari son to a sinusoidal curve 652. [09611 Fig. 5t1 shows, in an

enmbodi ment,, Qb 48, Reabd @r‘nox%w"é@fa%u&@% WBLE RhQO¥0AE LRRGERE N0 Wi th an
array of fixed sensors and a wafer 556 that may be rotating. Wafer bow

met r ol ogyoriiguEHge ke 5BPIoyed wilpdapggs i bhwéﬁ afatds oWy he et gHogyaidrimigement 500
in that N i

ci'rcut ar T PLEe! oo IRpRnearboetof a‘?%dﬁé,&g?{%ﬁﬁ%i“ SO S T Ot P ement s
al ong norike vifan ttemgneiy dumﬁevmr@wéh raslocil teunfeeifienos 858y 1860, and
562) may ol | re measurenment data may be available to
determ nent‘)“%g Lfm?e i%%gﬁdl PH% farre'?he wafer. Thus, with a plurality of

measur eng s} bmntaopnigga’@hwoge dixh 4Bayoxhe1}|aneukhccénterit@tf thehevewadoep >rmp>1€pr ovi de a
better u imlar to
Che. ot her MEs gLt i Giie’ S e Rty g Gug ol Rl A 20 n e ser
of sensords? n’&y&fﬁb eowlnmelin.b eneak b]laﬂithé@ V&&ilﬁzﬂal tTLO‘&\ eiot bechead dit drangdment
measuremar;é gta t hat y be ut * rm ne the thi ckness of a _
waf er. i g %d%P‘é““PH ﬁ?‘g‘% a @}é\’“g % 88‘8}?&“"% S0 BLHEY O SBTH° iy be pl aced
beneat h wWafngmd®O@adréks @Qrehgdr 456, He\t@rxmmm duheat bf whaes soaf thmadeketk®0631
Similarly, a second set of sensors. 554 may be Iaced eneat h the wafer

shown i n SESEEDHE E1ehias & F-Ha0 el dRPeray bél‘ﬁ‘lﬁé“\/%‘Fé’l’m‘ WeV®re the thickness

of the Waf@turfBdnt ahd Ghab e dRlBEITN@brmMetifOwls hinBnadelint hafal second set of
sensots b%/ extrapol ati ng the thjickness from historical neasurenment data

gat her ed [P#8iPetHass hared 45 njayosap eppefimen oS ABwR:enfion. BKERBEEREITE of the

i nvent i onyt s@sWalak [ROWSITRIHQL0QY) ;%ift@f@ﬁﬁﬁ&fth tﬁQQa%t%L@nJ Q4 8t dep@rsensor and
a wafer that is stationary. ConSider the situation wherein, for exanple, a
waf er 702448 s ixmarrededininsuicrogst dite Grarthoime dgsatensan thg|fegselodt ati ¢ chuck
704, Wi fand 48> B} By Bl WAL ko0l fPGSUT eqent s may be faken
in a ci r(?glfﬁ‘%m%(gr}é}é?l orﬁ?%‘g Qf\ %qgllnn g S0t he aotentl al wobbl i ness t hat
the ali gm@neimymmguemm@enwmﬁee b; He %actqngn@m semserotar bagmitdie afsingdst  or der
of bow . actually .be .a refl ect.on. of e. f [ i gner.
Thus, a '|iﬁ}g§%&|&d‘gloy‘(‘:l_ﬁ§?}§ls ﬁ’ggl"g‘b‘%tﬁg'l%&{“gémghﬁi %lﬁ?f g Sﬁ E}erfﬁ mi{l gd\?\ﬁkﬁf er is

pl anar. ldowgwiert ofistnsbise Sivaiaeno ihe aot fgeres el thickpdsanbthe waltpeny by bat i on
(e.g., bunp) .nay, ap 0 i a second
sensor 7%%&?&?“@& 5}5‘%&\&%‘3 géﬁ%tﬁ‘t ﬁqi}v’aﬂ’ 8t 9‘?5?“ “nmgkd ‘lr'}“t‘mda‘e)tléﬂjrﬁ”ﬁ% t he

t hi cknessm@lffmmfhemrﬁﬁazsmm &fl@b&&ﬂﬁﬂt\ﬂm&@h sensor 710 may have to obtain

nmeasur e ?. t al onq qne. .0 hl sane | ocat, thaii sensor 706 may
have mea 6 H i3 ‘w om, manem oumcm of the invention, a wafer m\ metrology

arrangement 500 with a fixed sensor 506 and a rotating wafer 302. Consider the situation
wherein, for example, water 502 is positioned within an aligner on top of an electrostatic
chuck 504, While the aligner s rotating, a plurality of measurements may be taken mn a
circular divection (508). Those skilled in the art are aware that while an aligner is rotating,
the aligner may experience a wobbly effect. Thus, the first order of bow may be the wobbly
effect of the aligner and may be graphically shown as a sinusoidal corve. I an example,
Fig. 6A shows, in an embodiment. an example of a graph 600 in which a wafer wobble 602
may be curve-fit into a sinusoidal curve 604, Note that the graph is wafer position vs. time.
However, time may be translated into theta since rotational velocity of the aligner can easily
be measured and be verified on most aligner with the peried of the noteh detection. In other

words, if the measurements in the z direction as a fonction of theta is plotted and produced a

12

Ao




[ 00651fi 78 shows, in an enbodi nent of the invention, a wafer bow netrol ogy
arrangenent 750 with an array of rotating sensors and a wafer 756 that is
stationary. Wafer bow nmetrol ogy arrangenent 750 is simlar to wafer bow

nmet rol ogy arrangenment 700 in that neasurenments along a plurality of points
may be taken in a circular direction. However, by having an array of
sensors 752, neasurenents along nore than one circunference (such as

ci rcunf ersﬁﬂ%ﬁﬁ%l?&%e l%?e@thaié}n?@” 7%2% @%td@@dtz@bﬁ %11199@@111{'\@13@&8 gmgedi ment  a
second sensor may b I"aced’ beneat h t he ma In order to determne the
t hi cknessotafxortih@ffmmfehc dllgome\}@ss ewtrtvérltchmméé sm@q‘— shomvs awalfﬂebatmyc 4l 80 be
determ n t leSe€ o | ating

t he thi c%ﬂ"e‘&td% ] bORm?“aquk b } 5”?72*3‘;@ ﬁ‘%%ﬁgﬁlg ?}ﬁgtg h%l?g%j_%f f'om ot gﬁl?vvaf ers.

[ 0061 Fi gm u&axmﬁowsq mnph@xﬁienbmdldmam wsgtmeh éndicaee npimpatengadpl e di agr am of
a waf er QW I )‘gjiqmgargaggeqemt 800 in which a wafer 802 is rotating
while a éétldf“ée HSETEUEA TS Sbvi ng. As wafer 802 is rotating, set of
sensors aﬁﬁumﬁgzbﬁaMnm1mgnmmbamhahmﬁﬂg;ﬁnmﬂ@ra@&ﬁ@bownmﬁmk@vcontlnuous
motion (822). N t he SIQ uat,i on mhe 5 t ng agt 802 t hat
i s positi'OAet Wﬁ‘}rﬁ”ﬁﬁmévﬁb e PS8 aﬁﬁeétéépW6§t F’@“@ﬁu k806 i s
rot at i ng.hoWhidi@ldghansRicneh: 56 rtsﬁﬁﬁmwamsbmmﬁ@pg,aumnumatm690 ofthat
measurenents may be taken jn ecti.on m | ar to Fi gs

s,y be taken in g circular dir (824 )
5A, 58, 7TXSUpRERIongAd!pRiiy el gpigamay “l& ! RSB Y Ph I RSBET PHess of
the al i gn@ting THMSof s@nsSisFE8 Ahdl@lraifeHty o th&lQ Han dnP BEduttithratde@iuciay actual |y
be show ng aﬁglanar wafer. I n addition, wafer thickness may be determ ned

by posi t i‘GRIRGreRcSScHn F0SwASED rmodeseliesid HEutaoss DearpErst! ‘i@f’g‘m‘g{"shom in

an e”b()d"ﬁ%&% Qb dét@‘ﬁnz‘xé’tﬁ@ﬂﬁé ARima o ARk S lrade, 6hakbhirdilik 8f hmadshReheds et hod
for enploying a wafer bow arrangenment. Consider the situation wherein, for

exanpl e, “domarehy BRpheRe Pepoduded &t b 1 PROUR AbeGIPdustandy ¢idhe st ep 902,

a waf er tﬁw%ﬁ%ﬁgl$MQ@k§@@ POUF into a pre-process nodule environnent. In an
exanpl e, er fromthe batch of-wafers may be transferred by a robotic

i ni n | ocd8®d] Witk tp thnohtospiiesticns oy Gnwh ér Figp ddl éBfdonnd A8, amyPordistough t he

ATM t o an,e aém&!(‘ﬁm« béﬁ‘L(h?{ %P&ﬂ{(ﬁ@ & de‘ @_Ig%k*cg E&cﬂmthhﬁ\;(ﬁeﬁtehf &ti@)(t%(#ﬂ I hrough

one of the airlock es in I's noved
i nt o one befutitie tqad@@esxse thtt)ﬁiwlkes;e of @@z?i@ﬂ IAt'maxm)tt usf@p‘* Dosccandsettofof
nmeasur enment re-process

SCHSpIS ﬁ&r@ ey bg;aﬂttéttd bng,aél e é(tst 246 )1(1(.,1ht(} dt,{m rpige th[umi} u%ss 0111 >d}f/é) ol aced

nodul e enV
out si de dm?the process nodule, is enployed to neasure a set of data p0|nts
ure

on the ... I.n an enbodi rfor mati.ca

Coi ¢ hout TR R SR 5RO S4iEe 5 11 HAS D P EATDTEA o1 h SR M31EY e

| ocat i on s@&fio titlemsed th@tma@a@@t attmyervaiweetene@dwkgesapmm mmﬂfz}mmbee

di scretion. exanp t he set of sensors may ? q é at t he
entrance dﬁ‘t“t“ﬁ‘e‘ W““I‘ e a“tﬁ‘éif“l’fé‘ Fsegquuhast of sepsgis béét\"@t” W drtaickigss fam

posi ti ongghioMchinh&stBRedldl ;gn%me&%oﬁtajahéaaawr eci ated fromthe foregoing,
the positioning of the set of sensors outside of the process nodul es enabl e

nmeasur enafed] £ B shoirer apicrpedirend g ipvatignisirdetong #rdssi ng ti ne.

arrangement 700 with a rotating sensor and a wafer that is stationary. Consider the situation
wheretn, for example, a water 702 is positioned within ap aligner on top of an electrostatic
chuck 704, While sensor 706 is rotating, a plurality of measurements niay be taken in a
circular direction {708). Again, due to the potential wobbliness that the aligner may
experience while the aligner is rotating, the first order of bow may actually be a reflection of
the wohble effect on the aligner. Thus, a sinusoidal curve may actaally be an indication that
the wafer is planar. However, if the wafer is not perfectly planar, a pertiwbation (e.g., bump)
may appear on the sinusoidal curve, In an embodiment, a second sensor 710 may be placed

beneath waler 702 in order to determine the thickness of wafer 702, As aforementioned,

—
fad




100721 In anot her enbodi nent, a second set of sensors may be positioned
opposite of the first set of sensors. Those skilled in the art are aware
that a wafer thickness nmay differ. Since the thickness of the wafer my

i npact processing, being able to determ ne the thickness of the wafer may
provide a technician with data for handling the wafer. In an exanple, a
reci pe may be designed to etch a standard wafer of 0.77 mllinmeter thick.

|1 the vater, Masnd b M@ﬁ?m@{w%éﬁmm Ilellsli NehEbne thl?e H8EIRGGRYhpe adj usted
to account for theé thickness difference. In an enbodinent, if the wafer

t hi cknesserssr Histmas ke megsupde- det er m ned range, the technl ci an may renove
the "bad" y &by, 4Rl RNAGE SN dolde i N processing
"bad" vvafwwsﬁﬁt 7%'31?5“ M] 'tEH'{lbﬁ&ét?E%?glFﬁg#%H%eﬂ ces. y1097:?:{112%At a next step
906, a demwrmmaﬂw@muf@nrmdeoérbom tsdweorg wal 4 wyfeotSotthe iswdtensry] Walehe waf er

![ f]ed\?v:a.l?re ITCm ;genogggv aggz]gueyalg%tﬁa qt?qr} 1%;12\1Nato ¥ fq{“é Rg‘@ %%118%9 Eﬁzgigg it {_b%@ﬁqh%t Ia? dﬂ] d).
wafer is w@mexdeﬂedmtm ﬂderahm cgmld’m mw@fbemkeWaa zs:ata:tmf dmmsmrﬁmteri bjs,lat a
associated with t ! »j‘gt o‘_,_t(t']g l_lrf}e%in%)@,.‘c Irrg rg_n,_,e(',_rrrbﬁdi nent
set of meQsl¥ 8’h‘é‘fﬁ> %é‘f‘h‘“’ﬁﬁ B’éeaé‘Hﬁ‘P YU LA TE T HEFRETIE YUS™ fteded
t her eby ageauiichag ﬁsr?bbhﬁgciwaﬁﬁmmm&@urati on during processi ng (step

910). 100 recl ted fr e for

b rorbshr pasaEht SERvEHTTs A bRy PaRt RO RS BB Fol ogy
ar r angenefterrhiaf ﬂMlﬁ@Mx,bm el aer, G, 1hB Gutknusdirhiy sadeh g A0 tehe t ot al
process tjine. By perthrm ngPll n-line metrology in I catlong&outsLde of

process strEmiaed “’ﬁ}éﬁ“éf‘]‘*éfw‘ et gsanhiyt HESFRWECT SRR EIE R BICEEE TP a waf er

bow i s bejiddicdehakensst dahderel @9f dthdFRyadigl resources may be expended,

t her eby decreasing manufacturing cost of producing sem canductor devices
100751 WD 15 § Shaperiton SHORES e sl P Ed RS (RERE QG Y&y dps

preferr e%&z’m\%ﬂ 'aﬁetn%emtgbﬁ Py BRI 2 ok R 1sOMGuinPORi UL R $1QBS0rsaN ; i

equi val ent's ichfall within the scope of this invention. Although

vari ous examsl s ety 8@2 Gvbaede reradisgnsois 804 may bt evied it hilitdegecexanpl es be
L LUSTEAlEAE (ARG Lﬂﬁamszui&g(s L hSBRAEE S hfd eI SO Q1. JAG7OL Al SO
the rifle and s are provide her ei n conveni ence al é uld not be
used to (S@E\ﬂiatia@oixh@aeémqhm afalighe ool ofeinkredsitic Bhwdk6 is wohenpb¥biact is
\z,a.mr‘lldt t ﬁ[}sl A e (Fllsgmg%/s %99% t%g uaﬂtz %g}léncl)ht\f gﬂmcasmm{%xm nk(g"%g t %{z % ‘QLJ{B{'&I C?Ex:m ?(r)](r:]e
which is dax@roes&:eld Smuhh@ mg:ajms PA, aide B ererfirSioedr pbbamhmcéddhm ein, such
termlsm . ha s_commonl nlngto
cover zer‘o’}F@%é“ O*dﬁ ‘Rﬁ!‘lﬁrt i AGHRSHE ﬁﬂi‘e? “‘tf?uiéWéﬁ\“%mé E ma‘}l:)“é' “ﬁ d t hat

t here ar ehsminya @iqhﬁ’rsna&;l \YIGJM)QSI ahfet tpdkess ntay by detheningt hodsitiamdg appar at uses
of the present i nvenﬁ?l on. é%s therefore intended that the foll ow ng
appended S&1O8f HRIFSLIP fI@F‘ﬂP‘e‘t" as including all such alterations,

per mut at ifgs3) Fand siefui maheabsdiagnt @ihe WidiibR, atsReplk Y@ B@t Niub zﬁﬂﬂ@aSCope of

the present invention. CLAI M
method for employing a wafer bow arrangement. Consider the situation wherein, for

t he

example, a batch of wafers is located on a FOUP.

[0069] At a first step 902, a wafer is moved from the FOUP into a pre-process module
environment. In an example, a wafer from the batch of wafers may be transferred by a
robotic arm located within an atmospheric transfer module from the FOUP through the ATM
to an aligner. After the wafer is aligned, the wafer is moved through one of the airlock
modules into the VTM. From the VTM, the wafer is moved into one of the process modules.
[0070] Atanext step 904, a set of measurement data is gathered. As the walfer is moved
through the pre-process module enviromment, a set of sensors, which may be strategically

placed outside of the process module, is emploved to measure a set of data points on the
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What is clainmed is: 1. An arrangenent for quantifying a wafer bow, said
arrangenent being positioned within a plasma processing system conprising:
a support nechanismfor holding a wafer; and a first set of sensors,
said first set of sensors being configured to collect a first set of
measurenent data for a plurality of data points on said wafer, said first
set of neasurenent data indicating a set of distance data between said

first setygh sgw%&manén SRaSvRERs )e%%hﬁedfah{oﬁ{m@@fﬁ (RfineRSALs bei ng
positioned in a first |ocation, salof first location being outside of a set

of proces‘§kfﬁ§ﬂmﬂé5 of said plasma processing system wherein said first set
of sensor, %0'{}? {EDN&Q:gedu@n&l ih }I"{Q,S§‘ éf@ﬁtoh%'@th‘é@étlo@ s&x%sg R e% deSerdingt | ONAry,

wherein sa first Irection’ nc es one of direction and a rotatlng
di r ect i orupo@ matkfactarer’ adxg@m;m lpfn cﬂ»ianﬂm thewpief aﬂmsmﬂ}dbswpﬁ@ﬁ gt thiechani smis

one of a 19?&%'0? th@rw\dl \II aﬂl 18‘“8164&191 lre gg ?ét OquﬁQ)lllgzlﬁ’w be’spoqx-[ilaﬁedax( fihgement of

claiml ereln sai OC& I on O Sensors 1S p03|t|0ned at
one of  alignerbétweem apfecprt fiopehe mgeg@mm_ uhedoqutmu(%LﬂBE)»eiaﬁdatam%at nospheric
transfer cﬁrx?sgc}él {)?'i}.(e'b;‘)Ix!}Qess modules enable measurements to be taken without negatively
mpacting progessing me.

[0072) In another embodiment, a second set of sensors may be positioned opposite of the first
set of sensors. Those skilled in the art are aware that a wafer thickness may differ. Since the
thickness of the wafer may impact processing, being able to determine the thickness of the
wafer may provide a technician with dara for handling the wafer. In an example. a recipe
may be designed to etch a standard wafer of 0.77 millimeter thuck, If the wafer has a
thickness of 0.55 millimeter, the recipe may be adjusted to account for the thickness
difference. In an embodiment, if the wafer thickness 1s not wathin a pre-determined range,
the technician may remove the “bad™ wafer, thereby minimizing precious processing tine in
processing “bad” wafer that may result in substandard devices.

[0073] At anext step 906, a determination is made about the quality of the wafer. I the
wafer i determined 1o be a substandard wafer (based on pre-determined standavd), the wafer
is removed from processing, at a next step 908, However, if the wafer is considered to be a
“good” wafer, the set of measwrement data associated with the wafer may be fod into the
recipe. In an embodiment, the set of measurement data may be employed to adjust the recipe
as needed, thereby accounting for the wafer configuration during processing (step 910).
{0074] As can be apprecigted from the forgoing, one or more embodiments of the present
fnvention provide for a wafer bow metrology arrangement for measuring wafer bows without
anduly adding to the total process time. By performing w-line metrology 1 locations outside
of process modules, parallel processing may ocour while the extent of a wafer bow is being
determived. Thus, less time and resources may be expended, thereby decreasing
manfacturing cost of producing semiconductor devices

[0075] While this invention has been described in terms of several preferred embodiments,
there are alierations, permutations, and equivalents, which fall within the scope of this
invention. Although various examples are provided herein, it is mtended that these examples

be ilustrative and not hmiting with respect to the invention.
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bet ween said ATM and an aligner, within said aligner, between said ATM and
an airlock nodule, between said airlock nodule and a vacuum transfer nodul e
(VIM, and within said VIM 4. The arrangenent of claiml wherein said
first set of sensors is a single sensor. 5. The arrangenent of claim1l
wherein said first set of sensors include an array of sensors. 6. The
arrangenent of claim1 wherein said wafer is noving in a first direction

whi | e sai @ofd) 15380, BRLINOhn PEARRIS ark HroviRl hOBRAI M conli@li @k Naitdhelulfl hbsie di rection
i ncludes one of a z direction and a rotating direction. . o

used to construe the scope of the claims herein. Further, the abstract is written in a highly

abbreviated form and is provided herein for convenience and thus should not be employed to

constrie or limit the overall invention, which is expressed in the claims. I the term “set” is

emploved herein, such term is intended to have its commonly understood mathematical

meaning to cover zero, ong, or more than one member. It should also be noted that there are

many alternative ways of implementing the methods and apparatuses of the present invention.

It 18 therefore intended that the following appended ¢laims be inferpreted as including all such

alterations, permutations, and equivalents as fall within the troe spirit and scope of the present

mvention,
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7. The arrangenent of claim 1l wherein said wafer is rotating while said
first set of sensors is noving in said z direction. 8. The arrangenent of
claim1l wherein said first set of sensors is collecting said first set of
measur enent data when another wafer is being processed in a process nodul e
of said set of process nodules. 9. The arrangenent of claim11 further

i ncl udes a second set of sensors, sai d second set of sensors being
configured for collecting a second égA]Q% measur enent data, wherein said
second set of neasurenent data include at | east one data point of said
plurality dat.a poi.nts neasured by said first set of sensors, and

sai d secoﬁ§£§é§dﬁpﬁgéﬁsors bei ng positioned in a second | ocation within
sai d pl asne A Qe&3ShBE 6 §lmAMTyish @Laﬁe%ewgsdi@&%ﬂéeﬁ_e%emgg QRARskye of said
first position, wherein a gap ‘exists between said first set of sensors and
sai d secorndthsea plabmg pnessing synemebympnaigd:i ng sai d wafer to be positioned

between said first %ft a%vsen%pésdand s%ﬁd sgcond set of sensors. 10. The
arrangenent of “CHBRH §°RKEre W' Qe ANYRG Bt of sensors is directly
paral | el to saiadirfti eséf seRIorQkaidENKQESof sedsbrs DBy @nTign@d e bllcet a gkai m 10

wherein a wafer thickness for said wafer is determ ned by conparing said
first set sefofeeasuemsaidataifor a plusalitsiod date peis wetaibpaiepasidrianesst oldata.  12.

A met hod ng]?JaSlﬂ‘gI?lQﬁlj da¥d MicRitBl & oPAUMEL e bAWBLASTR RE 0§ BT SLfGrsSY St Em

conpri si
and said wafer, said first set of sensors being positioned in a first location, said first

location being outside of a set of process modules of said plasma processing system,
wherein said first set of sensors is moving in a first direction while said wafer is
stationary, wherein said first direction includes one of a z direction and a rotating
direction.
2. The arrangement of claim 1 wherein said support mechanism is one of

a robotic arm, and

an electrostatic chuck.
3. The arrangement of claim 1 wherein said location of said first set of sensors is
positioned at one of

between a front opening unified pod (FOUP) and an atmospheric transfer
module (ATM),

between said ATM and an aligner,

within said aligner,

between said ATM and an airlock module,

between said airlock module and a vacuum transfer module (VTM), and

within said VTM.
4. The arrangement of claim 1 wherein said first set of sensors is a single sensor.
5. The arrangement of claim 1 wherein said first set of sensors include an array of

SEensors.
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transferring a wafer into said plasm processing system col | ecting
nmeasurenent data for a plurality of data points on said wafer, said
measurenent data indicating a set of distance data between a set of sensors
and said wafer, said set of sensors being positioned outside of a set of
process nodul es of said plasma processing system wherein said set of
sensors is noving in a first direction while said wafer is stationary,

wherein sgi Gkhtaiafrﬁﬂgeq{ern?@&% i Wfllexléﬂ?s%i@@ﬁfe?gs Rodingid &ﬁ{]s& it vAhileot at i ng
an | a Wt f

direction; sal d nmeasur enment ta | in aset o

pr e- det er saidddstsengeensead id stbedry i whareu sl difnstali@ciponinebdesmuuife f sai d set
of process, nodul es for .prqocessi ng, wherein said neasurenent data is
utilized the%ﬂﬂn@é@ ae{oqaggg g’éeCF‘BP' processing said wafer. 13. The met hod of

clai m 12 HurtRefahdiel dd6s clhin §Wh@reﬁpﬁ§d‘{3v§fé? R roflihg while QhidFirsiee0bf sai d set

of pre-determ ned Tange, renoving said wafer fromsaid plasm processing
system  seénsoffiemowringod safl zaligition2 wherein said coll ecting of measurenent

Gat e |28 AL TEBgRu b5 POl B B Rl AR
and an at gesiPhehbhGeheniiLwhddistier (AfdWis bdist pResssedinth préddsantbdare al i gner,

of said set of process modules.
9. The arrangement of claim 1 further includes a second set of sensors,

said second set of sensors being configured for collecting a second set of
measurement data, wherein said second set of measurement data include at least one
data point of said plurality of data points measured by said first set of sensors, and

said second set of sensors being positioned in a second location within said
plasma processing system, said second location being opposite of said first position,
wherein a gap exists between said first set of sensors and said second set of sensors,
thereby enabling said wafer to be positioned between said first set of sensors and said
second set of sensors.
10. The arrangement of claim 9 wherein said second set of sensors is directly parallel
to said first set of sensors.
11. The arrangement of claim 10 wherein a wafer thickness for said wafer is
determined by comparing said first set of measurement data to said second set of
measurement data.
12. A method for quantifying a wafer bow within a plasma processing system,
comprising:

transferring a wafer into said plasma processing system;

collecting measurement data for a plurality of data points on said wafer, said
measurement data indicating a set of distance data between a set of sensors and said
wafer, said set of sensors being positioned outside of a set of process modules of said
plasma processing system, wherein said set of sensors is moving in a first direction
while said wafer is stationary, wherein said first direction includes one of a z direction

and a rotating direction; and
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within said aligner, between said ATM and an airl ock nodul e, between said
airlock nodule and a vacuumtransfer nodule (VIM, and within said VIM

15. The method of claim 12 wherein said neasurenent data is enployed to
determ ne thickness of said wafer, said neasurenent data being collected by
positioning a first subset of sensors of said set of sensors above said
waf er and a second subset of sensors of said set of sensors bel ow said

waf er, wher ei ni@,ij Sl GlenPiatiRAFHIA @%@ltofgﬁé getgﬁhlno(?}aﬁlg e WMicB@hfdy fsl T St

subset of sensors iIs conpared agal nst a se set asurenent data
col | ect ednhyyed aitd a pewossdnsdiths ef said seﬂ;eﬁpmc&sumddlhasefommeessmgdWhmmkness of

sai d waf er 16. The thod .of claiim 15 wherein sai.d secon set of
neasureneﬁ%ld&aeeaﬂfﬂﬁsm[%@ I atifressidp agpy LR i PCeéfmas?iﬁ fity of data

poi nts WEQ§U'TEQHQM10§QJfglaf1hr1§tfuﬁl’?ér nﬁgluc&eﬁ%ﬁfdsfneasﬁx%meﬁh@atm&ﬁﬂd@éf claim 12
wherein said wafer is noving in a first direction while said set of sensors

i s stati osad gt ofipes-ééterngngdirange, semelving saidl ovaférddny siid plwea procgssingli r ect i on
and a rotatltn direction. 18. The nethod of claim 12 wherein said wafer is
rotating Whiie said first set of sensors is moving in said z direction.

14. The method of claim 12 wherein said collecting of measurement data is
performed at a location outside of said set of process modules, said location being one
of

between a front opening unified pod (FOUP) and an atmospheric transfer
module (ATM),

between said ATM and an aligner,

within said aligner,

between said ATM and an airlock module,

between said airlock module and a vacuum transfer module (VTM), and

within said VIM.
15. The method of claim 12 wherein said measurement data is employed to
determine thickness of said wafer, said measurement data being collected by
positioning a first subset of sensors of said set of sensors above said wafer and a
second subset of sensors of said set of sensors below said wafer, wherein a first set of
measurement data collected by said first subset of sensors is compared against a
second set of measurement data collected by said second subset of sensors to
determine said thickness of said wafer.
16. The method of claim 15 wherein said second set of measurement data include at
least one data point of a plurality of data points measured by said first set of sensors.
17. The method of claim 12 wherein said wafer is moving in a first direction while
said set of sensors is stationary, wherein said first direction includes one of a z
direction and a rotating direction.
18. The method of claim 12 wherein said wafer is rotating while said first set of

sensors is moving in said z direction.

19




