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Sawin et a] In the laser interferometric method, a laser beam I generated by laser 10 is directed

through an optical window 12 and onto an area of a wafer 14 undergoing etching within a plasma
20 chamber 16 as shown in Figure 1. The intensity of the reflected beam R is detected by a detector
18 and recorded as a function of time. The detector may be a bandpass filter coupled with a

silicon photodiode, a spectrometer, or a CCD camera.

When the material being etched is relatively transparent to the incident light, such as
layer A as shown in Figure 2, and overlies a reflective surface, such as layer B, the detected light
25  intensity goes through a series of maxima and minima. As layer A is transparent to the incident
light, the incident light is both reflected from the upper surface of the layer A 2nd is refracted
through the material. At the reflective surface of layer B, the refracted light is also reflected
upwardly through layer A, exiting layer A td interfere with the light reflected from the upper
surface of layer A. As layer A is etched, the optical path through layer A decreases in length

30 resulting in varying interference patterns.

Plasma emission interferometry also analyzes the interference of light reflected from the
surface of a wafer but uses etch reactor plasma optical emission as the light source. As shownin

Figure 3, incident light I’ generated from plasma emission 20 formed within the plasma chamber
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20 A solution to maintaining the optical quality of a window is disclosed in pending
application Ser. No. 09/282,519 to Ni et al. assigned to LAM Research Corporation. With
reference to Figure 5, a plasma chamber 40 includes a radiation transmissive top portion 42
having a recessed optical window 44 formed therethrough. Process gas flows into the plasma
chamber 40 through an inlet 45 in communication with a prechamber 46, the prechamber being

25  in communication with the interior of the plasma chamber 40. The flow of process gases
prevents the plasma 47 from etching or depositing material on the optical window 44.

Interferometry is then performed conventionally using a light source 48 and detector 49.

While the optical window 44 works optically well, it suffers from the disadvantage of
increasing the cost of the fused silica dielectric window. In addition to the cost of machining a
30  hole in the dielectric window to accommodate the prechamber 46, the window is structurally
weakened by the machining of the hole. As the dielectric window serves as portion of a vacuum
chamber, it must be made thicker to restore the loss in structural strength. This further increases
the cost of the dielectric window and reduces the effectiveness of the dielectric window in

coupling the radiation to the plasma. An additional drawback of the recessed window solution
2



20 A solution to maintaining the optical quality of a window is disclosed
in pending application Ser. No. 09/282,519 to Ni et al._assigned to LAM
Research W@PBMESi on. Wth reference to Figure 5, a plagﬁﬂUgﬁﬁﬂﬂ%r 40
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40 t hr ogeghfeedhfor all perpd®si n conmuni cation with a prechanber 46, the
prechanber being 25 in comrunication with the interior of the plasna

chanber 40. Irtwouid thevefore by drsisahie igbsable tp detoet interfernmetyic sigrals fronxa Wafeet chi ng
or dEpO%'ceiﬁ Qﬁh&f%ﬂduﬂ cﬁ?ing!&f‘e AABibhidl coMd, IR Afle probddt, S b6isaRIdind gast NEN
performne onventlonaéﬁy usSing a |l1ght source 48 and detector 49. ile the
opt i sal injectidoas ¥4equined by prier artméthodsef keeping the ppticekwindemicleae di sadvant age of
increasing the cost of the fused silica dielectric window. In addition to
the cost of machining a 30 hole in the dielectric wndow to accommodate

t he prechanber 46, the window is structurally weakened by the nachini ng of
the hole. As the dielectric window serves as portion of a vacuum chanber,
it must be made thicker to restore the loss in structural strength. This
further increases the cost of the dielectric w ndow and reduces the

ef fectiveness of the dielectric windowin coupling the radiation to the

pl asma. An additional drawback of the recessed wi ndow solution 2 WO

01/ 24255 PCT/ US00/ 26600 disclosed is that the top center of the plasna
chanber is not the optinum Il ocation for the process gas feed for al
purposes. It would therefore be desirable to be able to detect
interferonetric signals froma wafer being etched without incurring the
additional costs, shifting the process, or constraining the gas 5
injection as is required by prior art nethods of keeping the optical w ndow
clean. 3 all WD 01/24255 PCT/ US00/ 26600 SUMMARY OF THE | NVENTI ON The
present invention provides an interferonetric method and apparatus for
nonitoring a
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pl asma etch process that interposes a diffusing or scattering el enent
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20  thetop wall. Detecting apparatus comprising a lens, optical fiber and a detector detect the light

opposite the top wall from the wafer.

In another embodiment of the invention, a screen is disposed inside the plasma chamber.
Light from plasma emission is reflected from the wafer, scattered from the screcn and detected

through a viewing window by a detecting apparatus.

25 In another embodiment of the invention, a screen is disposed inside the plasma chamber
and a light source illuminates the wafer through a window. Light reflected from the wafer is

scattered by the screen and is detected through a viewing window.

These and other advantages of the present invention will become apparent to those skilled
in the art upon a reading of the following description of the invention and a study of the several

30 figures of the drawings.



30 figures of the drawi ngs. 4 WO 01/24255 PCT/ US00126600 BRI EF DESCRI PTI ON
OF THE DRAW NGS The present invention will be readily understood by the

fol | owi ng VR8E4PBd description in conjunction with the HHGPEHN ng
drawings, with like reference nunerals designating like elenents. 5 Figure
1 is a schematic view of myEbEESCRIPIFON IOF TREAWRAVGINGS t he prior art.
Figure 2 is a graphical representation showing |ight both reflected and
refracted t orpdpedHGRvdntibS Wil bé reasilymteRoa BY tHE f6116Wing degilddederipliotin
schematic view of another interferonmetric apparatus o? the prjor, art.:

Fi gur e gonjunciion with theaceompayingdrandngsyish ke refqence mumstaly qesignatipg like i us of
the pri gy f. 10 Figure 5 is a schematic view of another interferonetric
apparatus of the prior art. Figure 6 is a schematic view of a first

enbogi ment, Ofighfiq it BUSHRaREviel dfh Sudrferdmérid kitfanfPbd ok BheT T er ence
patterns detecCted 1 n accordance with the present invention. Figure 8 is a
schemat i ¢ vi eyl ifa SEGARE 1EFFAAINBAhoing Hight bOKOPdRR and idkalibgir © 9 15 @
schematic view of a third enbodinent of the invention. Figure 10 is a
schenmat iprodupeiptepferepce mawimp apd@dtimdent of the invention. 5 WO 01124255

PCTI US00/ 26600 DETAI LED DESCRI PTI ON OF THE PREFERED EMBODI MENTS | n

accor dance wFighres is p pehematie BigP i FRohr IRGEFECIPR TG EPRATatus, o fhe BIRY 8 arer 50
conprises a _top wall 52 formed of fuigg, Esﬁiﬁ‘nlei ca_as shown %ﬁlFFi. ure 6. Top
wal | 52 i ncl B 4is psehsmetie Miewfyetanatosyintgrierometniepataps of e @PPA™ of pl asma

chanmber 50 and a top surface, 53.. The r.oughened. 5 surfacge 54.is provided to
previ@nt mat eFigare & psiematic BﬁwtC?‘fém?ﬁEfdﬁt@&%ra%'&rcfa%%atgyﬁpﬁm(frIagki ng off

o et B Gl Sotematil %ieb A Ak o R & dimdRlog"2" ©¢ 0. 19

Figure 7 is a graph showing interference patterns detected in accordance with the present

invention.

Figure 8 is a schematic view of a second embodiment of the invention.
15 Figure 9 is a schematic view of a third embodiment of the invention.

Figure 10 is a schematic view of a fourth embodiment of the invention.
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plasma chanber 50 and includes a lens 62 and a detector 64. Light generated
by plasma__enission is reflected fromthe wafer 55, scattered at the
roughened QP28 54 of the top wall 52 and transnitted?tHUSHWE®he t op
surface 53 of the top wall 52. The transmtted |i ht is then 1o detected by

det ecting appamwnﬁﬁqmﬂl%ﬁgr HEP ODIMENES ch as those
shown in gga; are detectable for use.in m)nltorl ng. the etch process.
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| ocal | 264 RAIEL Ame it fich B sHIRRARTIASS IF6p b b3 o8l & FAghdia Of
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I nventigQn Ln Fi.qure 8 top wal l
72 form@ﬁd g%“ lgvg(}hgougk?hlgl’tlopﬁ}'lgf aféqsy()ﬁﬁ%% ’?}r égraggnrouéhéﬁzsdtﬁsurface 74
whi cio f detested he detadtingiapparatiis 60. ahrths m’wand:remter‘fﬁ'emecpauems)pmhlas flmeeshé®n 1T he
roughen fac ent material deposited on the
roughengd ‘%te?ﬁblllﬁ%r#ﬂ’hﬁ? 3 ‘Igftgeoﬁ%ibprg “SkEfer 75. A detecting
appar at us, era desi gnated 8 | S o] ] | .chanmber
70 25 and |n§]“a‘és eé’l?sgﬁe%g’fmce gie(fe’t‘%l%ets)dr gﬁ&ﬁtﬁ:ﬂ?ﬁfs ca? r""\h' ded by
a I [ ght as@matrmal?ﬁepbsn@cd\tetteﬂfedmsﬂnynmgefatqdmtvah indvi€ing cedl (mstmdzm) r’blm t he
scattere the.r ened rf.ace 74 of. the t I and
{ansm cpeaoTs Aeatas B mersreB R RlEReEl pdiar it fpinds 3 et eteridd. 10
| i ghts i dight isebmngafafmﬁxeeﬂ thyougk thedbdatign aﬁﬁlahmghmcﬂ@urﬂd& Séttieingrerhed rn this
|nterferen at t tec a e for use. i tori t he .etch
b ocese CoBGEuT s SBreabEET HES T hive B oty e depastin WD RS WFe 0 A
S f atter idpgq&c IThe Rff8A ,ofplgﬁrﬁf aaﬁbﬂ; yn ﬁleci'&i%ei:jdd s&ﬁ’ﬁ@ﬁ!lﬂtypic&llﬁ tcﬁmﬁﬁﬁgzwghbﬁll n a
pasnaca c) dent rovi de a li our.ce . I's
reflectéd ﬁﬁaﬁdai‘ r°‘£ﬁ? P%Fl n&hﬂg‘?ﬂ@?%&f‘@ﬁt ?%‘?ﬂ‘?‘n‘& Wi%en 90 and 6
propertles of the surface.

20 A second embodiment of the invention is shown in Figure 8. A plasma chamber 70
comprises a top wall 72 formed of fused silica. The top wall 72 includes a roughened surface 74
which faces the interior of plasma chamber 70 and a top surface 73. The roughened surface 74 is
provided to prevent material deposited on the roughened surface 74 from flaking off onto a wafer
75. A detecting apparatus, generally designated 80, is disposed outside of plasma chamber 70

25  and includes a lens 82 and a detector 84. Incident light provided by a light source 76 is scattered
by the top wall 72, reflected from the wafer 55, scattered at the roughened surface 74 of the top
wall 72, and transmitted through the top surface 73 of the top wall 72. The transmitted light is
then detected by detecting apparatus 80. In this manner interference patterns are detectable for

use in monitoring the etch process.

30 A third embodiment of the invention is shown in Figure 9. A scattering screen 90,
preferably a ceramic screen, is disposed within a plasma chamber 92. Incident light provided by

a light source 94 is reflected from a wafer 95, scattered and reflected from the screen 90 and



WO 01/ 24255 PCT/ US00/ 26600 detected by a detecting apparatus generally
desi gnated 100 through a viewing window 96. In this manner interference
patterns aM@®@@425&t able for use in monitoring the etch pr&EFAR8026800f ourt h
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moni t or iWhdbWwa 16 isoireforablydocuteddh theasidpwaA o fithechatbercwbagdionethe $egidn dfhe present
i nventiqn _have been described in. detail erein,. jt shoul d be understood
hat t hOMgHeE P ARy et % 2 B R el A iyt aT ST o B e

Wi t hout vela@sw isi giehatllyredicéd ddepdsitionUf netaiaborb tHeanddW ihtbe@Bntrélledar ti cul ar,
whil e 15 the det ecti‘g:gézsagga,r at us ,h&s been. descri.bed as conprising a | ens

and ¥ detawdugmethodss ating the vipdow.,fn thisgraopsrinfericrence pafterns arey 't hi n t he
scope Ofgeteb@ble THARE iPMonitdap eeidh prbdtgs.pr esent exanpl es  and enbodi ment s
are to be considered as illustrative and not restrictive, and the invention
is EOt L 0 balhongt aﬂ;rr] 4 evi éiﬂ:daﬁhd daité <|Sft§é p‘leﬁbnhﬁﬁfﬁiﬁﬂ? hbt&beﬁﬂﬁcs/bﬂbém?iiéthiﬁd
within the_ scope t appende clains. 7 WD 01/ 24255, PCT/ USQ0O/ 26600
CLANG R, SoeBou o ettt e mpgeeRv OB Ry PG PRRGS WV | cat | on
process spedifd fosmbFithb\Rt depaetife fBdm thepRit 6héddfe ofithOinPentidheIn sir6a0&SWhilensi de a
chanber; and detecting . th inten,%Léy of a portion of a light ref]lected from
a subr aé@e gﬁteqlﬁ%ams lgﬁgeen descn as comprising a lens and a detector, the use of any

optical detecting apparatus is within the scope of the invention. Therefore, the present examples

and embodiments are to be considered as illustrative and not restrictive, and the invention is not
to be limited to the details given herein, but may be modified within the scope of the appended

claims.



further scattered at a scattering inside surface of the chanber. 2. The
nmet hod of i further conprising the step of detecting the intensity of
the scat t“‘e:‘i@&q} ght transmtted through the scattering ?ﬁypﬁ‘@’zgﬂpface. 10
3. The method of claim2 wherein the scattering inside surface is a
roughened fused silica window. 4. The nethod of claim1 further conprising
the step of detecting the intensity of the scattered light reflected from
the scattering inside surface. 5. TEEARMS 0d of claim 4 wherein the
scatter%%.i nIsi d%.surface is a screen disposed 15 inside the chanber. 6.
B AR

The et ¥ 1 further conprising the step of illuminating the
wafer. 7. nmet hod of nitorin devyice fabrication process conprising
the steps of' delg}bg’le °ﬂ§})5’°?‘§§;’éllgg‘d%6ﬁe Drigatan RpeEst omprisgthasteps Ok anber |

and gdetecting.the jntensity of a.gortion of light reflected froma
surfice of tHERENE2¥ ré‘%‘(?s?ddp ‘H%?c FeA€d at a scattering inside

surface of the chapber. 8. The thod.qf claim.7 further nprising the
step of det ‘ﬁcﬁ’bg{ﬂgéntfrfﬂt@ﬁg?wgg? °€%’é§’t§@iﬁ°feg]rf@alT?‘ﬁgfe?tftgﬁg’ﬂfef{‘%g t hr ough
t he scafukthér sogterdiicdt decatefihgiigide SurfabBof ieichadbaf cl ai m 8 wherein the

scattering surface is a roughened fused silica w ndow. 25 10. The nethod

of claim7 farthdheaosisd oficlagn 1 fertlsk epmplisifiethe elep Iﬁgdétéwin% ﬂicﬂﬂ%iﬁfy o?liﬁhet he
ace. . e :

scattered. |light reflect fr t he scattering. inside sur

net hod Wﬁ%?‘gﬁﬁtfﬁnwgt%%ﬁgﬁg}eﬁﬂ%ﬂ’ﬁ essw%?‘ifce is a screen di sposed

I nside the gha r. ., Fhe.method.of claim7.further conprising the step
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4. The method of claim 1 further comprising the step of detecting the intensity of the
scattered light reflected from the scattering inside surface.

5. The method of claim 4 wherein the scattering inside surface is a screen disposed
15 inside the chamber.

6. The method of claim 1 further comprising the step of illuminating the wafer.
7. A method of monitoring a device fabrication process comprising the steps of:
depositing a layer upon a wafer disposed inside a chamber; and

detecting the intensity of a portion of a light reflected from a surface of the wafer and

20  further scattered at a scattering inside surface of the chamber.

8. The method of claim 7 further comprising the step of detecting the intensity of the
scattered light transmitted through the scattering inside surface.

9. The method of claim 8 wherein the scattering surface is a roughened fused silica
window.
25 10.  The method of claim 7 further comprising the step of detecting the intensity of the

scattered light reflected from the scattering inside surface.

11.  The method of claim 10 wherein the scattering surface is a screen disposed inside

the chamber.

12. The method of claim 7 further comprising the step of illuminating the wafer.
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13. An apparatus for nonitoring a wafer fabrication process conprising: a

chanber having a scattering inside surface; and a detecting apparatus’

operabl e tWOMRRE: the intensity of a portion of a |ight PCHEPIOREORI from a

surface of tige f ForiSiE @twaBd ; i nside surface
éplﬁﬁ%] S G onﬁ o r%rﬁ:ﬁmhﬂﬁo&gﬁ?é Sﬁdfg.%

of the 5 chanber e apparat S as recite Wwherein the

det ecting devi cedd &ha&gglrlﬁbing alsCatteARE Giside shi@acei@nsi ty of the scattered

light transmtte roug e scattering Insi de surface. 15. The apparat us

as recited in clg &ﬁn%\ftﬁ{ o%@r‘?; I%Q@Erété'ét 'thnieHs?ﬂy%?aEUﬁBﬁ%?a jght

roughened fused 5| I ca he apparatus as recited I n claim13
wher ei nreflegtedy @MWQ%&%@#@H@MM IS@ttmd aﬂ@p saatteriiganside smface 9fthé t he
scatfergghdgepght reflected fromthe scattering inside surface. 17. The
apparatus as recited in claim 16 wherein the scattering inside surface is a

screen di spoged Ifjgly gﬁmﬁtﬂgffﬁéﬁfgﬁ% claih13 Wé‘reﬁ‘xpcﬂé‘&e?éscﬂﬁ%er a{je‘%ﬁ b%é?&l:l clai m

13 further conprising an illumnating apparatus um nat e
t he sur fleteat thefintehsity\od therscatierdddigBhansmitted though WRe piattering inside $urface.| [ 111 ||
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15.  The apparatus as recited in claim 14 wherein the scattering inside surface is a

roughened fused silica window.

10 16.  The apparatus as recited in claim 13 wherein the detecting device is operable to

detect the intensity of the scattered light reflected from the scattering inside surface.

17.  The apparatus as recited in claim 16 wherein the scattering inside surface is a

screen disposed inside the chamber.

18.  The apparatus as recited in claim 13 further comprising an illuminating apparatus

15  operable to illuminate the surface of the wafer.
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