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BACKGROUND OF THE | NVENTI ON Fi el d of the Invention [0001]m“meWWMWWWlF
relates to a method of form ng sem conductor devices on a sengonductor
wafer. Mre specifically, the invention relates to deternlnlng endp0|nts
during sem conductor processing. 100021l n forming semnm conductor devices,
endpoi nt detection is used to determ ne when a process should be stopped.

Such endp@IFFERENGIAL MEASYREMENES FOR ENBFEGINIESIOIN AL ENEAINGEMENG Pl asna.
In certain processes detection of an endpoint species is difficult.
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.BACKGROUND OF THE INVENTION

e

Field of the Invention

[0001] The invention relates to a method of forming semiconductor devices on a
semiconductor wafer. More specifically, the invention relates to determining endpoints

during semiconductor processing.

[0002] In forming semiconductor devices, endpoint detection is used to determine when a
process should be stopped. Such endpoint detection may detect the presence of a species in a

plasma. In certain processes detection of an endpoint species is difficult.



SUMMVARY COF THE | NVENTI ON [ 0003] To achi eve the foregoing and in accordance
. Wi'th the purpose of the present invention, a nethod for etching a layer is
provi ded. A substrate is provided in a chanber. An etch plasnma for etching
a layer on the substrate is generated. Light froma first region of the

chanber is measured to prowiAevarl dETHEIOVANTIdN ght from a second region
of the chanber is neasured to provide a second signal. The first signal

with the g @nd B hRbe (i ?orégfamg%@ﬁ L QrERLEV TR RE a{aos%tome%@m nt. [0004]In
anot her nanifestation of the invention, an apparat us for etching an etch

| ayer is wwm@dneﬂmd;fwa@sqhﬁlg@rl@@é@§r<wgieé hAfsiate i nsevadaddeechambehanber wal |
forms a p 6 r or
supporti néﬁéﬂgﬁ 1€§ i gé\%\lﬁ lggn llammhe%gghgé%rggg%@g?ﬁgg%hagﬁd IE)sifjr e. A
pressur e thegmbenis measured dgprowitds mgrst fignaprldghy drog 4 secandgegiinend rtihae quohees sing
chanber e [ si ng
chanbor . R faiidio butiEh el ERTTHRAEE all b Ul iR Befil IR phpace

processi nig detsamibesn aehcdndpainte f or sustaining a plasma is adjacent to the

pl asma processing chanber. A first |ight sensor is positioned to detect

| i ght frol®08d]f i rlatanetherimanifestation ef the mzentioprap eprasdtysdorcdichigean etch laystiond | i ght
sensor i s,Beg§id '/pﬂggnat}go&l Ex%fc'llar{%cﬁl'fbt prévifd & HEROR %all 839 R pRimi Ne pl asma
proce53|ng chanber. A'gas i1nlet for providing gas into the pl asma

pr ocessi npfoedssingehamberchdewree A sibptrate Juppagt fonvunpartingomwaier b withia tlpﬂ asma
processin ga t he

pl asma pr %Sgljisld I nggsgﬁr&rré)rg&gé%é s@éur r‘i%g& r%%%?td% tc‘??{g%gﬁgiéttﬂg %ﬁ;{eﬁﬁt rene pl asma
pr ocessi npjasramenessingrebirolen preclosye if ia dkyid comenupicatisoweth thoplesoe prepessingct ri cal |y
connect ed id

connect i o%hta\%b%lh%‘tt%tm Ogga&tﬁ%%f&%ﬁgg‘&%%ﬁ&@og% 8%1%@?'515 E@éﬂfg %f t he
present i englomtre or sysitdidindepldemacs pdyadntite theptaemal pioedssisg dembew. iAnfisstigghtiet ai | ed

CB%S Elr:' thEIS%gT(ggsl 5&%38@1%%%}@ ﬁgg 2 hir G Qi e st Dbl Edndb@M A9 T gures.

second light sensor is positioned to detect light from a second region of the plasma

processing chamber. A gas inlet for providing gas into the plasma processing chamber
enclosure is in fluid connection with the plasma processing chamber enclosure. A gas outlet
for exhausting gas from the plasma processing chamber enclosure is in fluid connection with
the plasma processing chamber enclosure. At least one RF power source is electrically

connected to the at least one electrode. A gas source is in fluid connection with the gas inlet.

[0005] These and other features of the present invention will be described in more details
below in the detailed description of the invention and in conjunction with the following

figures.



[ 0006] The present invention is illustrated by way of exanple, and not by
-way ‘of |imtation, in the figures of the acconpanying drawi ngs and in which
| i ke reference nunerals refer to simlar elenents and in which: [0007] FIG
1 is a flow chart of an enbodi ment of the invention. [0008] FIGS. 2A-B are

schemati c cross-sectiongkipt S¥ScCERPTRNORGMES CAWRSESr di Ng to an enbodi nent
of the invention. [O0009]FIG 3 is a schematic view of a plasma processing

chanber 1/gge) mm?’rége%@%ﬁrﬁioﬁ% ifdeadh BR ALy Of exhriifle, A4 BHHyQMhy of 0010] FIG 4 i's
a schematic view of a contput er systemthat may be used in practicing the

i nvent i onlimifaion,jf the Ggurss efghenceqppapyiagdigiings andys whigh dike gfargnce pumarght sensor,
and a secpd Bk cBHPHOndUs 8flichn anot her enbodi nent of the invention.

[0007] FIG. 1 is a flow chart of an embodiment of the invention.

[0008] FIGS. 2A-B are schematic cross-sectional views of a stack etch according to an

embodiment of the invention.

[0009] FIG. 3 is a schematic view of a plasma processing chamber that may be used in an

embodiment of the invention.

[0010] FIG. 4 is a schematic view of a computer system that may be used in practicing

the invention.

[0011] FIG. 5 is a top view of a substrate, a first light sensor, and a second light sensor

used in another embodiment of the invention.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 100121The “present

. invention will now be described in detail with reference to a few preferred
enbodi ments thereof as illustrated in the acconmpanying drawi ngs. In the
fol l ow ng description, nunerous specific details are set forth in order to

provide a thorommﬁsr@s@i@w@w&m P&E@Eﬁﬁfilﬁaﬂlﬁz@h\ﬁﬁNT dt will be

apparent, however, to one ski in t e art t the present invention
may be pragij) Cedrﬁéﬂ Tréaemnv%&m Wl n@ be BdschitiB SPdRRBAIH efored€d @lalfSy 1N Ot her
i nstances, wel process steps and/or structures have not been

descri bedprpﬁqﬂqbqrdfiorhmenwéhed@f ag ifusirsted imthe eecempanying detydeasr & thyllpvimgent
I nventi Ondesér%gaﬁ]nang‘ ngésg%éﬁ@déulﬁ*are sEVBtth fnl P {16V thﬁﬂ%}lg{t()d! ment of the

i nvention is e iment, a substrate with an etch layer is placed in
an etch cindatsiendifgetehe proseit inyentiers It wilkie@ppadenithowetendo enechillet artheart, (st ep

108) : Thethgtqﬁe r@sefgltq{;\%ﬁgoﬂ B&)%e%r&h@éi%th()ﬁtts%ple %115 of tllre'sg%btemf 1o déﬁ%s W ed froma

first region o asma ‘to provid first signal Light is
measur ed ¢th@msganmcwibknowg mtmesefstepmdf@r simwhreshaysrovbaa descs@domdlet@l gnal

(step 120; °“£pﬁfgﬁ§ﬁ%9§%ﬁgﬁLS&Hgﬁégﬁgﬁpm§é ggl are conpared to detect an

endpoi nt step int 1's detected, a next process step is

started (@g%j 12ﬁb:1i¥9§i§rﬁ'rtﬁggjttfo@tcﬁa &faﬁ%ﬁ?o‘é f&f‘?ﬁé‘lmﬁno%hi’ﬂ‘?%r (step 132).

Exanmpl e [ In a pre enbodi mrent of the invention, a substrate with
an etch s@r@pdmwa sqhm@rww!mnenchhy¢rwé¢cefblm§petsledlamh@é?tedeﬁatAt@Fﬁed mask wth

features jsvRliAsHE et'clnc}ﬁﬁbé?t(&éﬁ lggbarﬁq@éas (SthigRd Wi) plasﬁla%t (5)21"1\2)| 3ight 3C hemati c
cross-sectional view of a stack 200 wth a substrate with an etch stop

| ayer 208MeAsWhHbEUn2 Bt weionef thariagmp %?W%fz’lrstaﬁg%@%dlﬁe%w igmepseedr ned nask
216. In tﬁ‘brﬁa eeéampkgeon i) pﬁhﬁbto%mmelaaeeeﬁd A8 (b8 B0). IThe Arshéigrai ¢ and the
etch layer 2 nitro en free. & % the silicon nitride and
etch gase¥* lﬁ‘lgﬁa B CoMupardAQ deteckgisn Pé’é“t SH’P 1% dg‘g‘}"‘h'the ERIPRIRS ‘EFFFC‘C% ‘d015]FIG 3
schemat i cadxt prodebsl step tisr strted (s@p 1 E8y.aMie sebs@fite & r@gh@sdrRorp tho Clesemgesse).em 300

whi ch may be used in one enbodi nent of the present invention. The plasma
processi ng system 300 i ncludes a plasnma reactor 302 having a plasm
processi ng chanber 304 therein defined by a chanber wall 350. A plasma
power supBkamm@©6, tuned by a match network 308, supplies power to a TCP
coil 310 | ocated near a power w ndow 312 that provides the power to the

pl asma pr Y88si nig a@redimise pmgimentoldhedayeation Hivhgiri vahan peh sopdayst unslf

processi ng, %@mﬂlspa% md@h§¥£ﬁ%e&19&sk whith RiRFes RPMREJ i QM ESEohardid? (s1BY be

configured to duce a uniformdiffusion profile within the glasna
processi n{f4nd is g gehemptiscrossesatimal viguhef apragk 209ivith 3 sepsirats Uil aRf i gured to
gener at e act @dphydpdosRap&ed Ul 4nl Mnlidyein 12 NidpbRd PéIa APattdrhdd mdskRe16. In

this example, the etch stop layer 208 is silicon nitride and the etch layer 212 is nitrogen free. So

the CN from the silicon nitride and etch gases would be used as a species for endpoint detection.

[0015] FIG. 3 schematically illustrates an example of a plasma processing system 300
which may be used in one embodiment of the present invention. The plasma processing
system 300 includes a plasma reactor 302 having a plasma processing chamber 304 therein
defined by a chamber wall 350. A plasma power supply 306, tuned by a match network 308,
supplies power to a TCP coil 310 located near a power window 312 that provides the power
to the plasma processing chamber 304 to create a plasma 314 in the plasma processing
chamber 304. The TCP coil (upper power source) 310 may be configured to produce a
uniform diffusion profile within the plasma processing chamber 304. For example, the TCP

coil 310 may be configured to generate a toroidal power distribution in the plasma 314. The

4



power w ndow 312 is provided to separate the TCP coil 310 fromthe plasma
-processing chanber 304 while allow ng energy to pass fromthe TCP coil 310
to the plasma processing chanber 304. A wafer bias voltage power supply 316
tuned by a match network 318 provides power to an electrode 320 to set the
bi as vol t a@er Ahdb8 15 islprAfidd B RpirhR R P01 W0 £6m itk pY4RR Prdc&dinBY t he

el ectrode 320, so that the electrode 320 in this enbodinent is also a

subst r at echsmpgraOf Whide gllomdng engngy fopaseirom i TEX o8 314 wdhanlzsmapsicespe t o be

pul sed. ThemBil398 AR Blal C61ta3SfowBYudpf NEWMRE By & RBicARLGBKBEWor k 318 and
the substrate support, or between the bias voltage power su&gl y 316 and the
mat ch net MeYikespper toian plectipde A2¢ thsetdbmrhissololtege o8 she sHisan substras &, Woick age power
suppl Y 316 sufbortdd by RIBeolE20° Y that M ck 08t 6 if B FbbdiReiidsisoi0! tage to be
pul sed. A controll’'er 324 sets points for the plasnma power supply 306 and

t he waf er subjtepse supparta fepwigrntyolign 2 caysanibe bigs wiltags/otbe mils¢dn ThaPelke var i ous
enbodi nen & | & alvelpt h
manuf act uérozlgg%é{y 3g%%ﬁ%é&&%ﬂ‘%%&%%%&%f“%?&%ﬁ atgg I ?%r&ni%a. e?8016] The
pl asma pothebias uPipEyPSG6 supnly X1 hendihé ptch networkal ! B.ay betposncthe eanpplley 3346 may be
configure Y | gﬁg;,!r' 2 for exanpl e,
13. 56 M—Eg‘d%%e %ZQ{O?‘L% %%gﬁm§ oiglgbﬁf—ééggg con%? %%gsﬁgﬁiﬂiesr eof . Plasma
power suppllipgsode aulsednaf eontrpliea §24sstsmointsfppthy plasnd: peavgr Hepla3pe agithat el y si zed
to supply i i i.r

perfor mng%e{@%%g%ﬁg&gﬁ 1;S6r'1 Egﬁrgﬁlgse fc? |errn%?1iF '\&%ﬁtvﬁrg&fﬁre Iggoed%%&l%ﬁ@%n?ei on, the
pl asma powvsed as pd{iyo 3060l aud the GilspT™toolvethpuanafaciuredy Lamdesefch300 t o 50, 000

Watts, an . i age power supply 316 nay supply a bias
vol t age iﬁoégrrggér%g%ﬁ%fnpofgé?ﬁé&ﬁaooo V. In addition, the TCP coil 310 and/or

t he el ect 32 | - - CQl
sub- el ect (‘@g@s, @ﬁi’%mﬁ%‘gg‘g{? %’é %r%eagﬁ Bﬁf%%feg:bﬁlglp ‘gaéiaﬁ‘?e?gﬁ&k%%ﬁypowed by
mul ti pl e powsfigwediplopeste af Pecifi radiodtequenciessurh &, fod exantple, p3. AsMilzptlcessi ng

system 30 u j u : Qﬁ’ Oinfluid
connect i ogﬂ_fvﬁ %‘}hﬁﬁk’ej %ﬁéé%gi;})l?b%ggi&%ﬂogﬁgﬁﬁgﬁ %gagﬁl%%‘?%% IISlaz?dgg]aag(:i;i nl et 340.
The gas i whfet biasgpowieesupply &1 @ohay be appyopaavixnizedecuply owagd dpowers inhadgsl asma
processi ng chanber. a may ta ny form f i.nj ectd )
b of or abl . Mo cirered pfgce BTy 5 bl p The Aol BeRE BT, o
"t unabl e" ingasion,theydésmapopeciupple 306aycluppll evpewemid e paige ef00aelfQ@0Ment of t he
respectiv | ow, of the ,gases to multipl.e zones jn.the plasm progessi ng
Chanber 34t 386 voREL B ESa bt B o 68T Ehalyd ialiabied T hERie ol Roe
pr ocessi ngo ©i3z00h ér. [1BQMditioh,ahalT QP eskii0endarthe déctrodd 320 n3dde cohprishd b5 a
pressure regulator, and a 44, . whi ch. al so rves to maintain a

Do ¢ cut al e SRE-<Rt o PRy woiimay sEe R AR elsdo VALY 31 5o

provi des povgas lyuinklgple povre sgpiessour ce/ gas supply mechani sm 330 i s
controlled by the controller 324. A nodified Kiyo system by Lam Research
Cor por at i M1Tay Aeshosedh FiG. fythcplate moresirgagstene A0 fofthdr ivehidesegisi on. 100181A

first light sensor 352 and econd light sensor.354 are nounted on the
bl o pr SUES SR GPR E R BP a00 SRS porpEton PR p1stas PREES TR EE T oned 1o
measur e | B@hthroligloagaa idletr3g0. Tiegiaomldt rdy baloedediyt ahy avadigdousTo@tieeinoed | i ght

sensor 354 is positioned t asure light. froma second region indicated by
e a5, Pt g D S0BERT Bepeke 8 o PR R ERBEE  han ¢ he
second r egovasver3 e gaBaleh3 40hmayfbecaifighrgitOprodute a SRaaMNT gae@jeotionairéfileyi t hi n t he
pl asma 314,. The first light. sensor. 352 and the second |ight sensar 354

D ovi de-_otihsheTo T ERende U aE o i aerre AGeF FE PR P AR URIRORR Br 356
The out puthe @fastirocliséih@erRnbercB04 MR prbdedy gaddGnd Byppsdavts R derhdved 6ma@Nt rol | er

324. A light source 358 js _positioned to provi light to the first |ight
sensor 35D PITE MEIBRET @magéﬁﬁ?&wﬁ%@ YaWag‘.??s Wé%ﬂﬂﬁeacmssaurfo t he

contr ol | efegdidtdr, and a pump 344, which also serves to maintain a particular pressure within the




100191FIG 4 is a high level block diagramshowi ng a conputer system 400,

. which is suitable for inplementing a controller 324 used in enbodi ments of

t he present invention. The conputer system may have many physical forns

ranging froman integrated circuit, a printed circuit board, and a small

handhel d ﬂﬁ‘s\‘rla%‘?oc@si%n{g%hﬁnﬁ%@@l aHRRb 1%9 % ouﬂé?e"fﬁé’g&%%ﬁée@aé%ﬁfpm 400

i ncl udes 'one or nore processors 405 urther can include an el ectronic

di spl ay deedhewism 330 léﬁ@ﬁroﬂi‘«dslm thwqmgol@erré%|%@odﬁ”@d(&yOQMﬂe%bhb¢mdat a), a main

menory 40Q, éé’rc}gsz %%?e%%ogﬁﬁﬁghéﬁﬁ!\%emﬁftﬂé poGuRRYVI ce 408 (e.g.,
renova

hard disk d | e stor evice 410 (e.g., optical disk drive),
user intephpe dRYiket fisht dddor(382 Qndaééé‘éﬁla(?@ﬁt%nsoi PUGH RGN thdRdRads, mce
or other pointing devices, etc.), and comuni cation interface 414 (e.qg.,
Wi rel ess Pre¢eawingchi mb@r3%cﬂ)e ﬁrstﬂlehtcsemmmﬁZeamsmn‘Mw aepcedight from b ffigihs

sof twar e %gl n%}cgteag H §5§a@ﬁérﬁr:(§n%ql i?t%%ﬂ!%?%ﬁ Fg osftfd casi¥Sli rélgo and
ext er nal vices via |nk e syg tem may al so 1 nclude a co ni cations
i nf r ast r uttenend ragien l(nélcged byding 3APruHiedastirezmon 353 s Cl‘@,SPUst,he@v@tra@a?M thern net wor k)
to which ool

1002011 nf%’?%ﬁ?ﬂg(grrﬁgt&? ggnsls?ﬂ) rrggﬁ}\éll %glgémmn%oglgtri@%ns&?ﬂ?@ﬂl% éasrérlli;lmrray be in

t he for m Bie firbtdight ssnsongi? and thelseqond bghit senser| 364 progida gwipeti whiclhpstusesls, or ot her
signals ¢ e via a
conmuni ca?l ]ﬂ%red&fer?ﬁfa[]gnc‘{ h?gtleje% glhg%ua S angh?@eh@ﬁﬁm%&%g&g&f@% Ing wire
or cabl e, tofthdwntrazibt B2 A bighdbome 358 positiored d prbdde lndhoeehd fimklighbsensadi o

fr equencys i n 204 @L@?EQ@@ SSRIBOLEALLAN, GRS, M L such

connunica I'ons I'n s con ate € one or nore
processor 2 h 0 ht out put
i'nformati @nﬁﬁo ﬁ{g'als 4 ?r{(l}{\?el bl@%l?&x %I}rl gr((abwcl){graper S{rarpnsty%l\g&iﬁoo %}b%ﬂvlg descri bed
met hod st esble Fanimplenenting a contiolad 24 ntsd di enshdsnenfs of the ppesent @ventionvent i on nay

execute s I such as
the Inter ﬁ%etéo}{lr? %5%%2?39 Ve %& rﬁ}és(r?r%1 msrrgc%g%%@g%{ﬁge ;&Ergﬁs?{ﬁ portion of
the pr ocegrmtefdg:JrC{nomq Tiinka zm@ﬂlmaﬂdh@lddbwemlgx tenhmmmempu@raﬂ@bl e mediunt' is

used gener aIplu ers steméif gmc:lu es oneior m%r%crr]oc%‘sssors P}? ar@ﬁl?ti%rc SeCng%r y menory,

r enovabl e“SHOTAYE, orag suc ash nmenory,
di sk dri vdemnmld;splay:ﬂ)em‘aloa(fdr msﬂMngfgmpm;s oéxtped sthetdaa, ampriwmymenyd shal |
not be co rued to cover_tran ject ter h.as,carrier waves
or signals Q&St(&%aran %nsl a%c Ssértl)e 1l M&cftora edf’w%ﬂem cﬁi}}]aééggladn e%uch as

pr oduced h:moaabd:mmageeieyxcamkﬂ) (B.igl, eticalatitkadrine)ngsehingifece deeivesl412 g, t hat are

o) 5o bo. cOVBEEr (BHE el ahaaEr s P B S Bt <P Ral cnbodi ed | a

carrier weongmalhidtioeinteefaeitl i (gg. ,aws@aumerk@ﬁtenfa@s)t IThe toromGni¢dniah ar e

execut abl e b cess S owed romt urce 330
r oot he Bt ORGSR e BROAELE vIB TS hOVES e RRT SYBR AR LoC b
etch gas #dndamictlabdggitss Goulinle ThaGytanmay slaslnauduatdoﬁg&mlcmtsal ni ng conponent
such as N2 _or NF3, \EQIZICh rovi de. a |tro ensemes th twd mask

ni trogen PIBSHUEHE 4 %gsat‘g’ﬂ”TWé?ons P TGRSO VDA S ARG OF f° ng Asma (step
112) . Theafotenhtidne@idviceemsailesIbe’codicrat s |Ight fromthe first region 353
and generates a first signal that is provided as input to the differenti al
anplifier [(13561 (slnﬁﬁrnad(ﬁ)tranélfh&ds;@c@nﬁldnicgdinns m&emﬁ&ﬁaydﬁmeméfodmght from
t he second r Ql} i“% and generates a .secon 5@ aﬂf;\ }) grovi ed as
nput Lo PR AR CAHTEnGE: e ot I8 cortoh et ient o
t he i nvenby @mmini@tibdshigbrfZet g1 bialaomMihiBdtiod ek alad:at-rnes@mmld nsalygeal is

normal i zed to adjust the si s to the sa sca e The ntlal
anpl i fi er MBEPEHYSPRYIE ﬁbcag{] étier gl?t{jﬁgmh%f h‘élér&?ﬂ’&e %and provi des

Ej h fef out prrecE@ncthEideihﬂﬁof 6thér@bmddficdtoh anhdlé) Wlth Buch ai:blﬁﬁlndﬁfoﬁi e process the
| erence

etween the first signal and second signal may. be cgnstant. In
this exanptaiacs ids gonigapiated Ak the Opg,or mArg Propessnss Ozf‘%glftdeoﬁlé?/é‘tf%‘mﬂorhway unti |
features are etched to the etch stop 208. FIG 2B is a schematic
cross-sectional view of a stack 200 weth a substrate 204 after features
have been etched into the etch layer 212 to the etch stop 208. [0023] When
the etch process reaches the etch stop 208, the species in the plasm
changes,



because etched materi al fromthe etch stop layer are added to the pl asma.

. The change in species occurs first in the first region 353 and then in the
second region 355. Therefore, the change woul d be detected at the first
light sensor 352 before the second |ight sensor 354. Such a change woul d

cause a aﬁl Cﬁn%}t&c}f}%% fig fét e SERRRG! Y&"?@&ehgt%to [ﬁt}e c8+r9@(?¢rlxelq‘9&uggrm? Zecond

si gnal , S an endpol nt 'S ex CN from
the Si N etboke-desopbel agthod stepsb. Eheheemlmh mqbssi ambodiggse of the psbent imvértien f i r st

st oon ekl ol Rek R oFhay e SRR b Ehef RO Bl BeRUEC", J°
renoved feopnttive vdthfrémtepmeessurgthaﬂshar& ami&ﬁ%ffthecpmdeksmgetch st op Iayer and

the etch gas appears in the first region 353 before the second regi on 355,
t he CN fri9f2x he Etec«tmsmqptrilragpetrcomutsesacatbbpﬂlddemi”ris ltshdagdiefaﬂgtoeﬁfcetosi gnal

providin ﬂgﬁl n.t n the
differ engI(Ta1 vveen ?ﬂ m%#"SB'S etc%ﬁgal?a ar% r‘%‘ﬁ(g%@]é\é%ﬁa g F‘gﬁgr?gé(&vﬁest’ ected,
which is msbdshsu;lca:sks,dlvdlpmembrydﬁsmmmenmheCBeB(@Mpamdothsxsfom afpersisient (st ep

128), which ma chi.eved. by, sto n as, or by changing
the gas. cmor %xéc? ﬁlgﬁ‘g&é}e cons éﬁt Vp P éran[gltor}/ subéechat(t)er SB(t]l st%a A V&&V8§/ r emovi ng

t he RF poersignals. Exah@ﬁeanoﬁ@nqiuangudnglctddenﬁﬂnmmde sadch abprodtmdgy ag anot her

par amet er processi n the,substrate i.s renoved from
e o e compigt al e RERRE et ek QR WEH S€ erdellBa BY RSB S e koo PG LT O
enhanced niet;ectbn (ﬂmmputgrmhdablsmlapﬂlaawm bpcmmeedermskmaeqjamaomphm speci es
used for t .detection. For nitrogen is.th ecies to be
ot ect od, LTS 7 EFel 4 s e AGResFink a e R ARy BRI o be

di fficul teﬁemtdﬂaetlg(ztprbdmor ncrease of nitrogen. However, conparing the first

signal to the second signal would show a spike in nitrogen in the first
regi on t o[082%)ance garidifovet from atieeas soome 3:{0(iﬁltaﬁie’§hismalﬁn®mdigrmmbeu2§Es the first

| i ght sen 2. _and th nd | i gh Sensor. 3g4.,.L.9 det ect ht.emtted

From t he BeBA0 g oo RSt i e BB PO bl B oMb | <

| i ght senmlpor&ﬁizsuetmsNzheN&ewmcmbrbwmmtmmmec1®5v¢hnntayodmamaskaulrogcm measur e

| i ght abs r-at dat a.
B X ) BT e (RTRAL IR EE0T U

l'ight is not provi hen t |rst I ght sensor
352 and t $réects dighs A theflist region 38 argpaneraigs ﬁbﬂéSla@é@attlbprmg@@i@ﬁ mpeie 8 on

spect r um gatential W?lrb% @{éﬁtl hﬁr TIRBQHA Hﬁllf'geng;r 351@&'&:@“?&“&5&%&: sBcohd St

spectroneter and second spectroneter be used to repl ace the
di f f er entjegipn %ﬁﬁpql gingrptessssoong pignal thatgip Pr§b‘é‘?fjtals imette the giirepiénl amplifist Bbed to t he

Sﬁcong Speeh m)remems enfd@itherk &h@rﬁgemioﬁ G sighal iBrhdlib&tan e Sdcb@met er before
t he change |

e secon ectronet er e be used as an
endpoi nt #4d ‘&5&"{5‘? ‘Zeé]'ﬁé st dhersien tf’étf" SHRS/SB& Tlﬂfrf’é‘gerffnfia émgb@én?% ¢ wavel engt h
and neas utomphiaethelfifsf staneind@she sBcohdM@ﬁSzlﬂdy)r(valEs tie Gitpigtoahd el stdr a
e instead of c t he i tensi | engths. In

wavel engt ty . for all wav
ot hor - ol nEAEe® e Pos v ABEss Wy en b e H e ST P BV i 7 or oni
wavel engt ¢vsstort. ldithi§ emapit, thepigms cabeswa\eeh daygt 212 to be etched away, until features

are etched to the etch stop 208. FIG. 2B is a schematic cross-sectional view of a stack 200 with a

substrate 204 after features have been etched into the etch layer 212 to the etch stop 208.

[0023] When the etch process reaches the etch stop 208, the species in the plasma changes,
because etched material from the etch stop layer are added to the plasma. The change in species
occurs first in the first region 353 and then in the second region 355. Therefore, the change
would be detected at the first light sensor 352 before the second light sensor 354. Such a change
would cause a spike in the difference between the first signal and the second signal, which may

be used as an endpoint detector. In this example, CN from the SiN etch stop layer and the etch
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[0028] The differential anplifier may be separate fromthe controller or

- part of.the controller. If the differential anplifier is part of the
controller, the controller nay be used to nornalize the signals. In other
enbodi ments the controller or other devices may be used to conpare the

first andysgeends SkGRNME Sirst &9@395]3Prsﬁ1t@thabmfmi e 416 s BADQdEyRM , the first
region and the second re |on do not i.nclude the substrate, etch | ayer, or

pat t er nedPefgekthe §5t ©g i2nd the egcong regionsiSafhe CN framdherich gas 1§ remoyidr ect ed
subst anéI i fgdnh ﬂﬁ?] @ﬂ?@hde@iglnz;loﬁﬁlmw BOE tHealch stspl r@aam thﬁ@ﬂﬁga@ﬁ@&ﬁi ﬂlﬂie)ﬁrstlj! ght |
measur e t rst |ight sensor t sensor ot directly
refl ect eo‘e%{‘?‘b?ﬁ%tbﬁ re Wfogﬁfeéloné%gwel é‘?mt Sthb @Fﬁ%ﬂ&“ﬁﬁéﬁz"‘e B rLﬁce such

| i ght maydiffareicp sigmi provigihg arf enbancédeechptopsigimal. However, ot her enbodi ments of

the invention nmay provide sensors that receive sone light incidentally
ref | ect ed0624] gemﬁhmthdsmkedmlteldﬁfmmbsbm%e theetirethignal)aed thesecondisignal isher e t he

sensors qt di,rected dir |y bstrate I r mask. In
ot her (i)ge r%e’n‘?hlch 't He Heggse?lnseélr gomt de%Btor i° ne tqroce%fl’s StarF 85'?%{9,[ @éﬁg hlscﬁbst rate,
etch Iayemaymacma@dby[s@ﬁﬁﬂgmeﬂbfvfoétmrghs aibymhbm@thégus fnetsdr signal and the
second si uses.a subtractio i ferentl tween the
first sig dlme ts %nesxe BoRa® E‘f‘ ta'ip%y f)emod ntgg}(lze?# PEUD racetnlvgg the first
raw si gnadhaﬁglmmehépseer@mﬁy clamglsg grrwﬂer paraseiét Néhemtmr@cessmgds tioned first
condi t.i oned secon ditioning nay be

signal from Si C

nor mal i zi “r?ﬁlp?eltleéi bp é‘f?ﬁﬁr"se Bfe‘?&ﬁd g8mél?ep‘i?’ﬁlgge§gﬁ?ﬂw§??cl eans the signals or

anot her Sim asur i rati.o b atyeen the fi.rst signal
and the s@@%sﬁd sTlhé en?borraye%tcorfglg RO lo'g?mwg?sra(r)l& e fde Feen S%als F&rﬁgl and the
second r aplaskiagpi@tkesses mask pamedh:spacwsalsedcfof ¢endpoitthietettions Foraxanpkej ibned si gnal

and the second.condi t.i oned si 0031]In so di nents .proceeding to
The nowt “BroROLSERSEROSE ARG bt ® e ELE B R RIS he
subst r at ebd difficult toeleebiabdi@treask bf gitrbgen. Elobeodk rmmpmngttllmeﬁrste)gnalpo deess nay be
addi ng addi tional, ga for performn |f erent etch pracess, which may
be used t &R, Oé'fdgﬁ?fo‘f'ﬁéplg‘f Blﬁutf%'é&tg"r Bre%lf”bﬁ) B‘ﬁ 3{& ?lﬁgler I n ot her
enbodi mendetectibhe next process nay be a deposition step, a passivation step,

or a cleaning step. The detection of the endpoint provides a trigger to
begi n the[onm}t STHpembodin@nbweses wetimdiighe sdnsor 382 phdihadecond light endpdidtbs may be

detected ed to nd on oce d begin the next. 0 2 | n anot her
enbodi men eecf ﬁé‘t poytied P‘Bél? dﬁasﬁ‘ﬁ B quvﬂipq%@ﬁgﬁr?rgﬁheﬁﬁgt et %5,%%? The waf er
t han t he B@ﬁ@ﬂﬁﬁerG@hr@ﬂhe &Ooﬂdh@ht delv@r 834as8He ypar tb mehsutdigzhf zibrsa*bedt@gl on to the

center the substrate is closer to the center of ths than the
CF oses Duht P R Tednging sheion epepien o (18 Moyt piolfleDFon el ne 504,
a first | gkt 368me0Mme HOBligiaBchsér 352 amiitle kdcoit ligheRa&i 354] zhay be used to

measure emission spectrum data.

[0027] In another embodiment of the invention, a first spectrometer and a second
spectrometer may be used to replace the differential amplifier 356. The first spectrometer
may be calibrated to the second spectrometer. When a change is seen in the first
spectrometer before the change is seen in the second spectrometer, the change may be used as
an endpoint indicator. The spectrometer may be tuned to a specific wavelength and measure
the differences in intensity for a single wavelength or a wavelength range instead of
comparing the intensity for all wavelengths. In other embodiments, the spectrometer may

measure intensities at different wavelengths or different ranges of wavelengths.



used in another embodi ment of the invention. The first |ight sensor 508

- measures a first region 516. The second |ight sensor 512 neasures a second
region 520. In this enbodi nent, although the first and second regi ons 516,
520 are the same hei ght above the substrate 504, the first region 516 _
passes clmﬁﬁap t OrHe G GIRhRImpRAG: ] He*;ﬁ,aﬁa@ﬁ&ﬁ%%orﬁﬁ)ﬁmt&ggﬁtwﬁeSecond regi on
620. The difference or ratio of t'ﬁe outputs of the firs I ght sensor 508
and seconenirplight If sherdifferergiabanprdifietie partefdhe eontieltcadhe cantreliedpay bt used i s

enbodi ne apl : | ' - ILhdi an

endpoi nt m"[‘}@@%%\?\%%ne t 1L?1‘L|Jsﬂ%|I %@Beﬁ%%%r%@tﬂggdngggﬁ%g!ét}sl%ﬁe%g%t[?ak%g (llalg%tstgof sever al
pr ef er r edcompbrsdiefirsitapd sqchied igralse al t er at i ons, nodifications, pernutations,
and various substitute equivalents, which fall within the scope of this

i nvent i onl002% s Ryefexdblyl indhibembpgiraaht, thefirsttregioreand the speomy regioanaiomat | ve ways of
I mpl enment 8 9y e ' Lon. It is

t her ef or elhgg%%ﬁg%ﬁgkaﬁggé Etl ﬁ’ggrf %ﬁlagévﬁ%ﬁ%p’pag% e ‘%g ﬂﬁe% Sééa?’\rﬁ?é;strelﬁggt ed as

i ncl udi nepraflirected shbstantidlypeialieldo thawehistrate surfaon sMong graferatdy, ilightsmeasurel var i ous

bstitut ' ' ' : Lkt of the
;S)lrje:elnt ui vtg%?flsol?éh?&gﬁ%?ﬁ%&%@tﬁ%{s@é él}sﬁgﬂdl{eg ?y l%%clié& ﬁr?egpﬂggﬁg tga(r?e’et ching a
| ayer, coetgrlagirmg patferned indisin ginge SipBght atap ovanpawec hightifiem; thg@laseraat i ng an et ch
I f ' ) s : ' Ny froma first
Fegi on of M RaEE hA% AutofkRbu 8Pk AR e 3 iac TRRS Wl Rl e B 7 11
second r egeidentailly refleeted hagdpemted fromprtie/sublsrate, eicioyrl, o ingska whe@nitk sensors

are not directed directly at the substrate, etch layer, or mask. In other embodiments, the

sensors may be directly directed at the substrate, etch layer, or mask.

[0030] A differential between the first signal and the second signal uses a subtraction.
However, the differential between the first signal and the second signal may be directly
subtracting the first raw signal from the second raw signal or subtracting a conditioned first
signal from a conditioned second signal. Such conditioning may be normalizing the signals
or may be a process that cleans the signals or another process. Similarly, measuring the ratio
between the first signal and the second signal may create a ratio from the first raw signal and
the second raw signal or may create a ratio from the first conditioned signal and the second

conditioned signal.

[0031] In some embodiments proceeding to the next process may be stopping an etch
process and then removing the substrate from the chamber. In other embodiments, the next
process may be adding additional gases for performing a different etch process, which may
be used to further etch the etch layer or to etch another layer. In other embodiments, the next
process may be a deposition step, a passivation step, or a cleaning step. The detection of the
endpoint provides a trigger to begin the next step. In other embodiments, a plurality of

endpoints may be detected and used to end one process and begin the next.

[0032] In another embodiment, the first region may be further from the center of the
wafer than the second region, so that the closest part of the first region to the center of the
substrate is closer to the center of the substrate than the closes part of the second region.

FIG. 5 is a top view of a substrate 504, a first light sensor 508, and a second light sensor 512
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conparing the first signal with the second signal to determ ne an etch
-endpoint. 2. The nethod, as recited in claim1, wherein the conparing the
first signal and the second signal conprises neasuring a differential or

rati o between the first signal and the second signal. 3. The nethod, as
recited ify.§ h@dnmth eniHé&H%ﬁtr of%ﬂWehﬁdJ‘QhPE%@ﬁﬁﬁlsaﬁorts@s ?neﬁls%i‘efs arﬁrrchess step
after determning the etch endpoi nt has been reached ) he net hod, as

recited ifegienalfn Bhe sogend hght senser 52 msesugss Aecondigeion 826 |IF1§IPS ?}P‘gﬁa‘llen&nd t he

second si ﬁﬁx@h%] H tHE PQ?Jnd%éH?SH& fe?f%ﬁs QY 50 b Zth O ChnfeRighl dbdte Bt SUBRrat@5d
normal i zi ng the second before nmeasuring the differential between the

first sigWafirshregiont3é6 B@&%ﬁk@sgff@ﬁhailemergz“ qfi{ke %tm?clso%l@nrﬂ??ép‘t(@difﬁ!ﬂl@, wher ei n
the firstsiedhpifcintd 8380, otfaletot] uéubﬁlwﬁs& Rt 38R0 s08 aRPGONA fpfO1 on. - 6. The
met hod, as remteé larm 5 erein lasma i s generatgd within a
pl asma r eggnem 5121mt13hbe @Hhmﬁetect apiedpeing Tfh%erﬁqusment would he ahieitogleeeind r egi on

pass int orahgpangngﬁg%aqgi 188 an ex?d oiipe nmethod, as recited in claim®6, wherein
the first signal provides emss £on spectrumdata fromthe first region and

the secongosd;ganafyniE gy 19&%ﬁt1(§1rﬂal§§ée9'aes%ﬂﬁéatlﬁ W dadsavdrdi gmedR@ second region.
8. The method, as recited in claim®6, further conprising providing |ight
froma | |gh120d§’@ﬂﬁlfse@eﬁeﬁfe(ﬁlt?qﬂéoﬁsi rrl@élﬁqaégrﬁowrlahtathqﬁ@né ERIETE Sybsiesn . 9. The
met hod, a umfeyse&'hluﬂraﬁ WahiR i scém FRlidh (réhﬁoﬁ 'K Shoufy | 403k n P&@iﬁ'aﬂﬁ% absorption
spectrum romthe first i"on and secon si gnal provides

absor pt i ore spayiltemivavaysof mmleiratingbomdthedsgind apparaiBes oftiles presettod, as

S gnal - comuaiiah Tt B nd: o RERAbLE bR s B b h an

i nt ensi t yinpluding ell sush eketations) mdlfp;@thnh@emiogsq gn(hvarlous substitute equivalents

as fall within the true spin't and scope of the present invention.
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11. The method, as recited in claim®6, wherein the conparing the first

- signal with the second signal conpares an intensity of the first signal at
a wavel ength range with an intensity of the second signal at the wavel ength
range. 12. The nethod, as recited in claim®6, wherein the conparing the
first signal with the second signalccgipares an intensity of the first
signal at a first wavelength with am fntensity of the second signal at a
second weygheNQhiedisl3. An apparatus for etching an etch |ayer, conprising:
a plasma processing chanber, conprising: a chanber wall formng a plasm
processing chadnmethodiqe piehing wlayer, comprising: 4 substrate support for supporting

a wafer w thindhe, ﬁ@&ﬁwgﬁggﬁﬁﬁkpg chanber encl osure; a
pressure regulator for regulating the pressure in the plasm processing

chamber encl osemegating an etch plasma fgr et¢héngss layenen dlegehsiretdie for provi di ng power to
the plasma pr %@&ﬁhgg tﬁg‘x%ﬂpaeﬁrst‘%%{)&&%eechm{aer%l Gadh Al & rBl asna, a
first |ight sensor Q? etecting light froma rst regi n p the pl asna
processi ng charrdaring light fromen sseand megidni afithe charnlen FO frovideeseeendisiggall 4nght from a

second regi on ?Ifngérﬂg 1R st Br\ﬂﬁﬁﬁé eE‘chd% 6 lieterfhirs elc efidpoln@  ProVi ding

gas into the pla processi ng cha er e osure;

2, The method, as recited in claim 1, wherein the comparing the first signal and the
second signal comprises measuring a differential or ratio between the first signal and the

second signal.

3. The method, as recited in claim 2, further comprising proceeding to a next process

step after determining the etch endpoint has been reached.

4. The method, as recited in claim 3, wherein the first comparing the first signal and the
second signal further comprises normalizing the first signal and normalizing the second

signal before measuring the differential between the first signal and the second signal.

5. The method, as recite in 4, wherein the first region is closer to the substrate than the

second region.

6. The method, as recited in claim 5, wherein the plasma is generated within a plasma

region in the chamber, wherein the first region and second region pass into the plasma region.
7. The method, as recited in claim 6, wherein the first signal provides emission spectrum
data from the first region and the second signal provides emission spectrum data from the

second region.

8. The method, as recited in claim 6, further comprising providing light from a light

source into the first region and the second region.
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and , a gas outlet for exhausting gas fromthe plasma processing
-chanber. encl osure; at |east one RF power source electrically connected to
the at | east one electrode; and a gas source in fluid connection with the
gas inlet. 14. The apparatus, as recited in claim 13 further conprising a

control I es contpt tlehRB) ¥ r& RENECTEH 8 IohelddSthe Bt SOMT FBvidbdWsdrpticat | i ght
sensor, the second |ight sensor, and the at | east one RF power source,

conpr i si ngpecteam datpsem ghadirss regiamsnd the senqnid ipa prowides absatptisinspeetrdngata

COMPri Si N{om the second regionCOMPUt €r readabl e code for flow ng an etch gas from
the gas source into the plasma processing chanber; conputer readable code
for formng a plasma fromthe etch gas; conputer readable code for

comparing;@ SigRgetol Wt hiclafh 6! Wiin HEDGAFarih i st Sl ¥ien fileom t he
t top has Bee

second |ight sensor to determ ne when an etch s n reached; and
conput er secerndizsignel comgiares apriniguritn gf the figst signal atgrwayelssgtiavite an wiengtyrif tieng t hat

an second signal at the wavelength.

11. The method, as recited in claim 6, wherein the comparing the first signal with the
second signal compares an intensity of the first signal at a wavelength range with an intensity

of the second signal at the wavelength range.

12.  The method, as recited in claim 6, wherein the comparing the first signal with the
second signal compares an intensity of the first signal at a first wavelength with an intensity

of the second signal at a second wavelength.

13.  An apparatus for etching an etch layef, comprising:
a plasma processing chamber, comprising:
a chamber wall forming a plasma processing chamber enclosure;
a substrate support for supporting a wafer within the plasma processing
chamber enclosure; |
a pressure regulator for regulating the pressure in the plasma processing
chamber enclosure;
at least one electrode for providing power to the plasma processing chamber
enclosure for sustaining a plasma;
a first light sensor for detecting light from a first region of the plasma processing
chamber;
a second light sensor for detecting light from a second region of the plasma
processing chamber;
a gas inlet for providing gas into the plasma processing chamber enclosure;
and
a gas outlet for exhausting gas from the plasma processing chamber enclosure;

at least one RF power source electrically connected to the at least one electrode; and
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etch stop has been reached. 15. The apparatus, as recited in claim 14,

- Wherein the plasnma processing chanber further conprises a |light source
positioned to provide light to the first |light sensor and the second |ight
16. The apparatus, as recited in claim15, wherein the first

region is C'0%%&5&ﬂnﬁmﬁmﬁHQQE&ﬁ%ﬁ“ﬁHHE%&émkﬂa” the second region.

sensor.

apparatus, as recite

In claim

region do not include the substrate support.

14.  The apparatus, as recited in claim 13 further comprising a controller controllably
connected to the gas source, the first light sensor, the second light sensor, and the at least one
RF power source, comprising:
at least one processor; and
computer readable media, comprising:
computer readable code for flowing an etch gas from the gas source into the
plasma processing chamber;
computer readable code for forming a plasma from the etch gas;
computer readable code for comparing a signal from the first light sensor with
a signal from the second light sensor to determine when an etch stop has been reached; and
computer readable code for going to a next process after determining that an

etch stop has been reached.
15.  The apparatus, as recited in claim 14, wherein the plasma processing chamber further
comprises a light source positioned to provide light to the first light sensor and the second

light sensor.

16.  The apparatus, as recited in claim 15, wherein the first region is closer to the substrate

support than the second region.

17. The apparatus, as recited in claim 16, wherein the first region and the second region

do not include the substrate support.
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17. The

6, wherein the first region and the second



