USE OF SPECTRUM TO SYNCHRONI ZE RF SW TCHI NG W TH GAS SW TCHI NG DURI NG ETCH
BACKGROUND OF THE I NVENTION Field of the Invention 5[0001] The i nvention

rel ates twoaoret’hzd of obtaining a structure on a sem ceadwscar/os@ber by
etching an etch layer. Description of the related art [0002] I n formng

sem conductor devices on a substrate an etch |ayer is etched. The etch
| ayer nay be part of the substrate or a | ayer above the substrate. The

etching 10 may eREUHF EPE@Tﬂm% BYRESAEONIZIE RAPWiTCIHIRYRRTIPG AR E
| NVENTI ON [ 0003] To achi eve th%we%@%@ﬁﬂqcﬁwor dance wth the purpose
od Tor etchin eat

of the present invention, a net g ures into an etch |ayer
in a plasma processi ng chanPeYCKGROPDON JEAHEANVAINTION |y ti med deposition

phase is prov%g?djofql%rm(ujm?iiogg 15 providing a flow of deposition phase gas,
detecting the presence o eposition gas within the plasnma processing

chanber, psoviingy RFhemneemipnidated oramalgpdafpbaming  tmomteha adeposi tion phase

gas in the plasma processi chanber nd stopping the flow of the
deposi tion ga§e“i“ﬁ‘fn61u?tﬂre‘”?f?%8’ Chb"rgc?(‘,‘é’?é‘ﬁﬁ’ﬁr'chanber. An optically tinmed

et chi ng phasepesripti@VérdedelfQnpr i sing providing a flow of etch phase gas,
detecting 20 the%gresence of the etch gas within the plasma processing

chanber, provI®@ag R erBingyerpigendugphdaviFenopt abrle pbrith lgeréteithedas in the
pl asma proces %@&ct?ﬁgén%’be ?g:g 8@%’ Rsfifde hpzr?la%eg%p(%\%fthé DB BIE YR ngt 0 the

pl asma processing cC n anot he estation of the Ifivention
a nmet hod flor prpvear mgp @dmnogrecslingchtimbed gas nodul at ed sem conduct or

ol ural ity of byel e whor o cachEERR: R LEUEYTRRYL 0Tt cai 1y i mec
phase and a sgwosd opbiagadve)hd fofda6inp Bas®.ac¢ QMG Wih BRQUIRE: ¢TRRY freghat i on of
the invention an apparatus for etching an etch , .
invention, a method for etching featurcs into an etch layer in a plasma processing
chamber is provided. An optically timed deposition phase is provided comprising
15  providing a flow of deposition phase gas, detecting the presence of deposition gas
within the plasma processing chamber, providing R energy for forming a plasma
from the deposition phase gas in the plasma processing chamber, and stopping the
flow of the deposition gas into the plasma processing chamber. An optically timed
etching phase is provided, comprising providing a flow of etch phase gas, detecting
20  the presence of the etch gas within the plasma processing chamber, providing RF
energy for forming a plasma from the etch gas in the plasma processing chamber, and
stopping the flow of the etch gas into the plasma processing chamber.
[0004] In another manifestation of the invention a method for providing an
optically timed gas modulated semiconductor process in a plasma processing chamber
25  is provided, comprising a plurality of cycles where each cycle comprises a first
optically timed phase and a second optically timed phase.
[0005] In another manifestation of the invention an apparatus for etching an etch
layer is provided. A plasma processing chamber is provided, comprising a chamber
wall forming a plasma processing chamber enclosure, a substrate support for
30  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



| ayer is provided. A plasma processing chanber is provided, conprising a
chanber wall form ng a plasma processing chanber encl osure, a substrate
support fwo28%/”w0porting a wafer within the plasna pro®esdiseg2obmaber

encl osure, a pressure regulator for regulating the pressure in the plasna
processi ng chanber enclosure, at |east one electrode for providing power to
the pl asna processing chanber enclosure for sustaining a plasna, a gas
inlet for pr oyc;rféagaagmg§§ pla®h® atglagemn!t ?&%M@g@%@&ﬁ%ﬂa‘%f@c%ﬁ@osur e, and a
gas outlet for exhausting gas fromthe plasna processi ng chanber encl osure.
A spect r onet eehambepensiositoraad atgas erblgsior exhiapgying gay i theplagma prrsessings na
processi ng ch r ast I, connect ed
to 5the at |eas Sﬁgﬁ S%%tgsgg%%gﬁérg%%gg?%%%gﬁsw&§”§%9ﬁ5%6%%%é Gon with

t he gas inIetphmdamoapmngdmnmmdepﬂ&mtmmﬂ&ga&mSQHM@ﬁsaadnamyebmhmga$ sour ce.
A controll i.s controllably connected.to_the as sourc the s ectroneter
and the at o1 elSer BrsORISTRY & 8t Curce i pHeReHer Ve s Bl B | cast one
processor andc&RiRul £epoQastals 8ourBdind.an ThE ceRKEEA dor@SIRP|s@ofilsliaBly

conpri ses conputer readable code for etching the etch layer 10 conprising a
plurality of EYEPEL OURREFPITEalR SeFEPRCEB Y hs dslegsbapuklePov & sttt e code
for providi ng a0 ARbiIGRbnYriles TBPFasIERGb L BPaRN@FPuteF RIRINShAG,, CRITPUT er
readabl e code for providing a flow of deposition gas, conputer readable
code for usi ngompeergepdalle mm@ompmedewmmltertrmalﬁe e(s@rfm@t@ringdb@@sh kyon gas

wi thin the,plasma. proc n reada provi di ng
RF ener gy?%)or C?nél?nspnﬁ apqurafllté{%ﬁayc% 4 V%lel%n? g%%mptrfs%sncom 4y rea@%ﬁee pl asnma
processi ng chaﬂbémnnan&ng@mpmkﬁMyMﬁaﬁm@bQU@QMQ&fammamognbﬂ@u&hmmﬁbmw of the
deposition into the | asma _processi ng chanber and c ut r eadabl e code
for providi ng°¥l foptr Y&%‘&ngrﬂf)}"r?g&le@?‘é‘% §‘1‘§a%‘?§npuéf‘6ﬁ%di“§% %ﬁﬁﬁ‘ﬁ‘ﬁé@e readabl e

code for prOvﬁﬂk@&némﬂb@Mk&ﬁmﬂﬁaﬁﬁ%hﬁg&%&h@ﬁgﬁu%ﬁﬁnﬂ@%ﬂ@@hﬁmﬁ&gﬁ.for usi ng
the spectroneter to detect the presence of gas within the p?asna

processi ng 20ckanhebepmpeepifekle codedanppeding did ongigy pardoindngyplRmalieh gy f or
formng apla IEJngﬁltgpsem%ecﬁlas%}r&&%sﬂ&rc] J&vﬂ%nﬁld%&g@éﬁey&mﬁﬁgﬂ and

conput er read e co or sto f the as into the

pl asma processpmgm;&aﬂbwmfﬂ@@@ﬂﬁpﬁhm&eﬂwq&mcmmﬁmeﬁegmbme@ﬂ@miumﬂmpﬂesent
invention wll @ﬁ deﬁcribedkln ”Drﬁ, .dﬁt?%lﬁ bel ow in the Qeta
description of 4R SO9G ERPIBI KHH (PRCLBH i aRaR SRS S8R Towi ng
figures. BRI E@&Eﬁ%ﬁ?ﬁ@émg&ﬁo@%ﬂd\mag QOtpliitheaqibRsond for 0MeNt i on i s
illustrated béﬁ of exanpl e, and not bﬁ) y of limtation, in the figures
of the acconp 9?%@”@*@%%&§§déhﬂp¢ﬁmﬁhﬁ h@?k@“@@ﬁ%ﬂ%ﬁ@@¢ﬁ%ﬁ§ﬂ§ls refer to

simlar ebgmepisnRAdohPudit&Rble %Qc[quloﬁl)ﬁ @%\R:F dnSrgd f(;rlf%l@@ﬁlﬁsng fr@fﬁ]

enbodi ment of the i'nvention. [0009] D are schematic views of the
formati on of thefeeshizayia thgplﬁﬁynatm@cessmg chamber and computer readable code for

stopping the flow of the etch gas into the plasma processing chamber.
[0000] 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
25  following figures.
BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference
numerals refer to similar elements and in which:
30 [0008] FIG. 1 is a flow chart of an embodiment of the invention.
[0009] FIGS. 2A-D are schematic views of the formation of a feature using the

inventive process.



inventive process. WD 2012/170249PCT/ US2012/ 039997 [0010]FIG 3 is a
schematic view of a plasma processing chanber that may be used in an

enbodi mrerwoab1tie24bnventi on. [0011]FIG 4 is a schenati ®CTiESaIRN3WITONPUL er
systemthat nmay be used in practicing the invention. 5[0012]FIG 5 is a
nore detailed flow chart of the optically tinmed deposition phase.
[O013]FIG 6 is a nore detailed flow chart of the optically tinmed etch
phase. [0014] Fofo) 7 irtdi ust & atheRadidel b Psi procdass ARABEARAQyHe0CESS.
[0015]FIG 8 illustrates the timng of an optically timed gas nodul ati on
process 10 acussddi myembydanene pbibelinveritonof t he i nventi on. DETAI LED

DESCRI PTI ON P RRED. ENMBODI.WVENTS [0016] The present invention wll
%)é)grfn Eg?gilras\(jhte]ﬁlat[}ce 1CW l(\)Iil_a C(l er]S}ISé%l pré_l? anbeu cd 11,

now be descr erence 1o a eferred enbodi nents
t her eof as il btastidigd @elinventione acconpanyi ng drawi ngs. In the foll ow ng

descri ption, ou pecific details are set forth in order to provide a
15t hor ough? un%{{g{ an%@é B mtOFFe‘?eEﬂﬂE% SRy © %‘éfr’i{“? epiicalfy tinygd deppitionn nar ent |

however, to Oﬁﬁméki||ed in the art, that the present invention may be
practiced without sone or all of these specific details. In other

i nstances, wel001&howHI(pridt egwresdeeqilsd Anvcort efithyentigrlbstimulachibesdeen
deser 000 0 R e IR kSRR o (e prsent
t he i nventi on[0018] t hiFEG.&nbediare e tindngalt aneptiedly nask ghssmbdiaied poxess an et ch
Subet 1 at e 10 SUBRORE8F PRI Gr eS| {Con wafer of may be 4
, y be a | ayer
over the substrat eprPALEIASESCRIPHER OH OIOPREPARREDIBAEBOBIENTIhe et ch
| ayer over the substrate is placed in a Blasna processi ng chanmber (step
108). The etc H{016] The present invention will now be described in detail with reference to a
few preferred embodiments thereof as illustrated in the accompanying drawings. In
the following description, numerous specific details are set forth in order to provide a
15  thorough understanding of the present invention. It will be apparent, however, to one
skilled in the art, that the present invention may be practiced without some or all of
these specific details. In other instances, well known process steps and/or structures
have not been described in detail in order to not unnecessarily obscure the present
invention.
20  [0017] FIG. 1 is a high level flow chart of an embodiment of the invention. In this
embodiment, a patterned mask is formed over an etch layer on a substrate (step 104).
The etch layer may be part of the substrate, such as a silicon layer of a silicon wafer or
may be a layer over the substrate, such as a dielectric or conductive layer. The etch
layer over the substrate is placed in a plasma processing chamber (step 108). The etch
25 layer is subjected to an optically timed gas modulated cyclical etch (step 112). The
optically timed gas modulated cyclical etch comprises a plurality of cycles, where
each cycle comprises an optically timed layer deposition phase (step 116) and an
optically timed etch phase (step 120). The wafer is then removed from the plasma
processing chamber (step 124).
30 [0018] In a preferred embodiment of the invention, the features to be etched are
through semiconductor wafer vias (I'SVs). In this embodiment, the mask is a

photoresist mask patterned on a silicon wafer (step 104). FIG. 2A is a schematic

3



25l ayer is subjected to an optically tinmed gas nodul ated cyclical etch
(step 112). The optically tinmed gas nodul ated cyclical etch conprises a

pl uralitywof2oryicbms, where each cycle conprises an opti earius2ai2znee9t ayer
deposition phase (step 116) and an optically tined etch phase (step 120).
The wafer is then renoved fromthe plasma processing chanber (step 124).
30[0018]In a preferred enbodi nent of the invention, the features to be
etched are thruah ssai &a@mpgglgéonV\@Jf@rrzow@%r M §¥§}3atteh&dfok)gaﬁlc%ﬁmdomnt the
mask is a photoresist mask patterned on a silicon wafer (step 104). FIG 2A
i s a schemati bas hepesmed cPnegraloreyingmediatg pafieriieolayeaa Sech BB antgeldactivhi ch a
patterned org |ate
patterning |a§%‘r‘1§g E@%@%%ng%ﬁ%g%ﬁég% f’éﬁﬁi{}ggg%ag ﬁ[]&?%ﬁg%e;fn e di sposed
bet ween t he spatiecen ovmhiemask dbstorimpe)ye BBnak dattehengabveesss.ned or gani ¢ mask

204 to inprov attern process. 5[0019]T trate is placed
in a processi ﬁ{?&ﬁ)omggf@’ﬁmﬁ§f AR B0 l(ﬁtﬁé i(&? ?]I%ﬁztrat es an

exanpl e of a RihesAR-aRy AREESENE ENEHIE BT éSQanvwams&smgfsyb@m@gdvhm REreor m t he
process of etching a silicon wafer in accordance wth one enbodi nent of the

present i nventiedio Peripampheagespicthagatgicey spErnagooriaee Wb 9ma pl asma

reactor 302 h%b&ﬁlmgml%kﬂéfﬁ?es&{t ﬁédnn@fh‘égﬁﬁ% ro§<%4in%§5%€e‘ﬁ{ o iftRFMR power
10 supply 306, tuned by a matc netvvor upp s power to a TCP coil

310 | ocat ed nehsmarep@vwﬁm\lmawdg)wplas_rﬁa pmcasmegt@n@epmﬂsh@[ela 14 plnatpewpt asna
pr ocessi n chanb 04. The T per pover )
. t o udalpgld3 g tuned b rae?\y?rkéﬂg IE:F P(I)\%er I’F&E 001%%90 loce}{ecp

confi gure B cessing chanber
304. For exanptapbhe viliﬁﬂbvwlzl to3iAtermgitasha 3¢mnfthgplraﬁﬂaplocegﬁﬁgﬂﬁme1a t or oi dal
power distribution in the (pl asma 314. 15 The power_ w ndow 312 is provided

to separate tRA&-TERE LOF Fokipy PﬁfrrPBW?rtsﬁlérCEﬂ HO ey bR e dAPIRARSE al | owi ng
energy to pas ﬁmfcfrfh@ﬁf&k?on%ﬂ@ thhm?plf&eﬁs%gtJE@mQér@@WF&@H@%E BOfcp Aoiyaf er

bi as vol t age gower supply 316 tuned by a match network 8 provi des power
to an el ectrodf) B20ba eonggured toezepdrals ayaspidalge wendigripyafaarin e plagma diht.i s

support ed, by ‘rﬂg%oﬁize‘?ﬁéﬂc{%ﬁ/gs 1§%$1go€ig&f’ﬂ8ts vé%%ritﬂhe%%% c%ﬁtﬁ%%gl{nmﬁ%%g%i&rt he plasma

power 20suppl Ias voltage supply he pl asma
power supply Glﬂﬁlbanméltmle\Mbwmgbnagy twqlatsafgen ek euEpl yo t:B&ﬁlasmay be

f d fi dio f [ h | e,
13 56 e, 27 Mg S R0 b BT e pharud e B pover

supply 306 angro\o@faepov&yrasarmawbdesmnb Vet Jkbidtaynthe cappraaTateic isi zed to
supply a range of 25 powers in order to achi eve desired process
per f or mance. momh%elethd%a@ eBOFiCHE N4 Sts Ppiats 69%%@1%8@%@%{. on, the

pl asma povgr SUPRI 306308 HIBALS BRRLHIADSHAMRK I N a range of 300 to 10000
Watts, and the wafer bias voltage power supply 316 may supply a bias

vol t age of i n[(E)ZO]ang§h©Pla$@a mmvelmly\ﬁ%land tddvafdr bres volege porercapily 310 and/ or
the electrode 3296 (r:r(%l)flgured & (%Mtessﬁ spemﬁc radio ?requen(:les suuh 90ir|e>sgan%le, 13.56
sub- el ect r odes,”
MHz, 27 MHz, 2 MHz, 400 kHz, or combinations thereof. Plasma power supply 306
and wafer bias power supply 316 may be appropriately sized to supply a range of
25  powers in order to achieve desired process performance. For example, in one
embodiment of the present invention, the plasma power supply 306 may supply the
power in a range of 300 to 10000 Watts, and the wafer bias voltage power supply 316
may supply a bias voltage of in a range of 10 to 1000 V. In addition, the TCP coil 310
and/or the electrode 320 may be comprised of two or more sub-coils or sub-electrodes,

30  which may be powered by a single power supply or powered by multiple power

supplies.



30 which may be powered by a single power supply or powered by nmultiple
power supplies. WD 2012/170249PCT/ US2012/ 039997 [ 0021] As shown in FIG 3,
t he pl asmsiopoesrdng system 300 further includes a gasPsoarsc@2ya®Isuppl y
mechani sm 330. The gas source includes a deposition phase gas source 332,
an etchi ng phase gas source 334, and optionally, an additional gas source
336. The gas sources 332, 334, and 336 are in fluid connection with 5
processing chpggh ?{ 304 sltl(mfrpllﬂqifﬂGaS %SpldsHJa%}oces%Hl%Q Asn 30 RANETind1&Rd 2 340. The
gas inlet may be located in any advantageous | ocatlon i n chanber 304, and
may take any Borsawikgpasisnpey ticelgnigas3i30Pridegpatsiuice itsdndey@deposiien pfrse i nl et may
be configured o] alloms

i ndependent aé'}lS ?c@%#f gfﬁgggﬁgégéfgége%?%%&Lkgoﬁﬁ&gék%ﬁﬂ?gﬁ ?t

zones in the pruoessSs. ChaghesouRBA332TRR, piididEsse ga‘mascohﬁeoanniwhypr oduct s ar e

renoved fromthe chanber 3 ressure control va 3

534, whi chSal BB°sang el bieR alsanct shar - prowsliod S Hn EerEch! asha
processi ng chapbes 10384d in bR a@AHtaS@ME ERAGASH ShERMeY 30E &lARAYSER SR frfn
controlled by the controller 324, A 2300 Syndi on by Lam Research Corp. may

be used to pr %ﬂm%cémaﬁa%n%fs@r%bowetH@gaw&rﬁma&sﬁecwgﬂwﬂ@ predycee, and
optical windoy §£b¥e”' ge@ Ony AR LifRls iARBGH: ﬁ[raaﬁﬁ{meﬁﬁénh reR8iiJd oned to

measur e Iight f'rom t e at passes thfoug e optica ndom1352
Qut put fromt ﬁewcwpthe@ades specltlpbrxemeenn @6 Pracessghaowted 80k . t dhe precasogaseol | er .

[ 0022] FI Gl%|4t Ialgq bgfphldgcbts arc removeflI ng tgea% ﬁl%\{\g ngtﬁéasu&:%n}%tlfl(glerlﬁgg em 400,

which is cONt ment s of

t he 20 presentnd nment 34anwhf5h1 els6 @aimlbeﬂiau&aﬁﬁhepmunﬂyr résdere MaMjh tnlayﬁsrﬁ;al forns
rangi ng from an |ntegrated circuit, a printed circuit board, and a snal

handhel d devi BECEpng Bhanisu s s e’ smps(ase pupphraechgripn £&) sepuralls koo

i ncl udes one QkcHHhﬁkP&Q@Q§§Qm%yﬂﬂgnbﬁﬂﬂnkﬂ&%ﬁﬁkbﬁﬁﬂm&@@h&ﬁ%a&BmﬁkeCtr0n'C
di spl ay device 404 (for displaying graphics, text, and other data), a main

menory 406 (eagembqdanendni he swsaliore orthis (lwewp ynd %1&1%@%520%3@5@08 (e.g.,
hard di skdriye) ¢ i sk drive),
user |nter acéﬁ 3%%59%%853?2%8 @&ﬁuggégggxﬁ&&z g?%?@% 1hsq@dL(Ialjg/[pads m ce
or ot her poinpmagtU@th@@p@ghbwﬁﬂomﬁﬂQanpmﬂnmlmabmnmlun@snmﬁmésaﬁﬂ (e.qg.,
Wi rel ess network. %) fac]) The conmuni cation interface 414 all ows
sof t war e and Bﬁ’ﬁk? %“f ﬁﬂgferred bet ween the conputer system 400 and

external devi gma2yi aFfG |41 101K high 6y BEISKSLi &MTBBO wah SOcdniffuld S tedn F@MUNI cat i ons
infrastructure 416 q a communi cati ons bus, cross-over bar, or network)

to which the @/h@hé%ﬁyﬁﬁl? p s dmplemenimg propinlles 34 used preaetiagnts\phhe
2012/ 170249 F’C}S{eké'ﬁz%é{tf?)ﬁ%ﬁg cc[n%?e?]s%mnpﬁﬁyhav@ Mz BRRIET fofifls Mh&ng from

conmmuni cations 1 nterface 414
an integrated circuit, a pnnted (:1rcu1t board and a small handheld device up to a huge

super computer. The computer system 400 includes one or more processors 402, and
further can include an electronic display device 404 (for displaying graphics, text, and
other data), a main memory 406 (e.g., random access memory (RAM)), storage device

25 408 (e.g., hard disk drive), removable storage device 410 (e.g., optical disk drive),
user interface devices 412 (e.g., keyboards, touch screens, keypads, mice or other
pointing devices, etc.), and a communication interface 414 (e.g., wireless network
interface). The communication interface 414 allows software and data to be
transferred between the computer system 400 and external devices via a link. The

30  system may also include a communications infrastructure 416 (e.g., a communications
bus, cross-over bar, or network) to which the aforementioned devices/modules are

connected.



formof signals such as electronic, electromagnetic, optical, or other
signal s capable of being received by comrunications interface 414, via a
comuni cawpanm /170349t hat carries signals and may be i npl ecentSea2039997y W re
or cable, fiber optics, a phone line, 5a cellular phone link, a radio
frequency |ink, and/or other conmunication channels. Wth such a

comuni cations interface, it is contenplated that the one or nore

processors 40gp3ght H{i6aRkNE kiR ffcdBl BRANfhR Midhs RRIMRE K14 Qhy KA ghte OUt put
information to the network in the course of perform ng the above-descri bed

met hod st eps. f@Euraf Bepadosush andediodicestpaiginrertis, aticalh ofreesienals ¢apsdneli on may
execute sol el y. .10 1pon ¢ *%%ml%{uﬁ%%géén% i RerPdce THY V?axaec%%}nf n2%R5n AuIRiMor k such as
the Internet I'n %onjunépﬁon W th renote processors Hat Shares a portion of
t he processi ngarrigsQRdls Bhé nmiag berinii@nentadansig evite of oad fider apead alpheertiadj unt' i s

used generally to refer to nedia such maj,n nmenory, secondary menory,
Famovabl o St of &Y iy Lo g rogs s GRHoR A AT EREN PSR meror y.
di sk drive memihysucttedvhmadoddiatchate, fi & dheafpldar i steait ofReRy Y and shal |
not be construed to cover transitory subject matter, such as carrier waves

or signals. ER@RPPESOT Mighhiserier nEdeliqniEygacivathPhistodiisuch as
produced by airﬁ&ﬁﬂh!)r?(@th@%v&ﬂq'h?ﬁmQ%Eéadf?eﬁgmﬁhQJﬂgEbdvg—\éﬁic(rjig eeth&?,t are

executed by a conputer using an interpreter. Conputer rea medi a may
al so be conpusteps. dodeermosnsrihbd eddbdyiments oiitheipresentmvention gragkxenteodiebd in a

carrier 2 ve a representing a sequence of instructions.that are
excecut abl 40 by BPREREERE Oy b3 RESUT RREH oL i BT it WPl
optical |y ti matthg@asoterpdudsairethacshalek & abrtioh 6fxhé ptoeg@sihd2) . The optical ly tined
gas nodul ated cyclical etch conprises a plurality of cycles, where each

cycl e conpri sB!’)ﬁéh opt§ ECHR I PORFIAREEN sl &3gehls ediuph astsed sanelli %) and an

optically tinggeetfRARRARSs RiERetEY) secdilify nRendcRy, el aBledRtAL! £d f 1 ow

25chart of the optically tined | ayef deposition phase. A deposition gas is

flowed into tHerapt eevimes spdcasdaidriske Headb armg04 digk teys 1BoUgry. GIR& (PY esénce of
the depos h g 10 chgraf%rrhssofg)?{asgg@%‘l? n?gr%g%%gcl %%ﬁ)n& I%Zcroh%ru%{l ?()V%Qgglqratng)ltofr rmthe

deposition gas 1nto a eposition paraneters that
may be i nst antdbjecsmatahxad) assuoler aavaepeighdls. dixappes stceypunayod isdudee

516 PG 2O OPbeR BT TR WA BRTOR P s AR SEEF St ok
204 after a depogtticited By gtomieriging e ierhrofeECoriipllidrichditle nRPhingg! |y ti med
deposition phase (step 116). WD 2012/ 170249PCT/ US2012/ 039997
also be computer code transmitted by a computer data signal embodied in a carrier
20  wave and representing a sequence of instructions that are executable by a processor.
[0025] The etch layer is subjected to an optically timed gas modulated cyclical
etch (step 112). The optically timed gas modulated cyclical etch comprises a plurality
of cycles, where each cycle comprises an optically timed layer deposition phase (step
116) and an optically timed etch phase (step 120). FIG. 5 is a more detailed flow
25  chart of the optically timed layer deposition phase. A deposition gas is flowed into the
plasma processing chamber 304 (step 504). The presence of the deposition gas is
detected (step 508). RI is provided to form the deposition gas into a plasma (step
512). Other deposition parameters that may be instantly switched, such as deposition
pressure, may also be provided at this time. The flow of the deposition gas is stopped
30 (step 516). FIG. 2B is a cross-sectional view of the silicon wafer 208 and mask 204

after a deposition layer 212 has been formed during the optically timed deposition

phase (step 116).



[ 0026] An exanpl e of a deposition recipe provides a flow of 100 sccm C4AF8 to
the plasna pressure chanber. Wien the presence of CAF8 is detected in the
pl asma prwoeswirige4ehanber, a pressure of 100 mTorr, a bipa3/uskoi2089990l t s,
and 2000 Watts of RF are provided. 5[0027]FIG 6 is a nore detailed flow
chart of the optically tinmed etch phase (step 120). An etch gas is flowed
into the plasnma processing chanber 304 (step 604). The presence of the etch
gas is detect aggst e@nRARhple BFa i oRliOY 8B poRidk 94 Hb&z@?l(ﬁ)ts%ﬁn@%ﬁg bMeo a

pl asma (step 612). Ot her etch paraneters tRat may be instantly sw tched,
such as etch pleesgpressurerphymbdrs &Vlise thsrpoeseehedf é?antlhdesf,ecmdne thehesinfi| ow of t he
etch gas is s t S+.SecCt i of the
silicon wafer %%8%‘3 %él%éo E%ﬁ%? Igrogle{lrlljzotc)l;rptaﬁ%agIofé&f‘llorlr%’cﬁ%é? g(lﬁﬁba\k]ﬁggs(?v( step
120), which f &fne paviledof the etch feature 216. FIG 2Dis a

Ccross-section j ew t.he sil fe 208 and sk 204 after the etch

feature 21% 'Edoﬁﬁmspﬁf’:&rf‘b?@toéq C!ftaélf‘é rb‘ﬁfi@]%lc ket dyrhase @ERh reci pe
provides a fl ow)ofanlR@ gﬁgﬁmo%@uﬁ@thﬁFsﬁsﬂ@p@k@s&ﬂgcmn%ﬁ rg@@amrm/%en t he
presence of SF6 is detected in the asnma processi ng cha ressure of

120 niforr a bPesenet ofiBoctlpasds deatmpdzg@m%t RE 1W0de©\ﬁﬁ§fn the @tclpg@vu ded to
the plasma p f " ohd %R ele AR 529 Be Q! dhPgsEgsed etch
ef ficiency, wﬁl ﬁﬁ ?%o&sggg% foéster % r?g an(tliﬁ RD?ese ?g\?ltent ‘Use of
resources, r eemmm}gessenquma)edsoebmgvydﬁlmd thmtstn@ Tht 12@ghdesichPos islstoppddr at e t he

oracess. M ¢ <G UREHIReG b s S TR b tpBel B ol pRUEBER L1 o Fowea

by an etch phage anApudallyrﬁmE&etblhphdéegQ:@1t20pﬁzhmha@ﬁ1stpe@bfme elch RAFO4 shovvs
the applicati on of RF power, pressure, and other paraneters that

swi t ched al mostoi ﬂgt%]ﬂf%féﬁiﬁsg?‘iﬂofl@r‘”et“h%f tﬁ%ﬁibcﬂntwaé‘ﬁ 2Hp akmaski Q4 aff@gﬁl% hows

the applicati ggh RS SihiokQBnPR%ly WHicah is not able to be switched
al nost instantaneously, but instead 1s swtched over a substantial period

of time. Linel0p28] shdnsxuhple appl didaetipnpiofidgp @‘M\Eﬂwﬁﬁ@@%«t@thqand ot her
: th tch ph
E?:lgnslgr Z w@faf[ﬂ% grog)e%f CHe g{b&h e\gh(f?n tﬂr?ﬁz%séngg S 8 asncﬁe?eld%d){n lfhg a%ﬁﬂ? etch phase.

I on 'S no e to be
swi tched al noptocctsmgamame(alpsdsmre bﬂIQOIﬂﬁE(ireaﬁasstWVbM’leﬂl woerwatsstibst ant i al
period of 30 tine. Theref%r@ig FIG 7, the cg]e&gsmlon gas fl ow reaches
hal f of the PRI GaRroyidghioghe Hasmagyoqessipg ffe lag of AD is the tine

bet ween when fgeeordepasni nvomioRprAiids RicRESUIRhicHidiney, vt A0Hs tdi@astdr M8t hat
t he deposition gas flow reaches half of the maxi num deposition as flow.

In an exarrpl e ctching agfipoys ictfjcisgt w&ﬁ@89§0%e@9\%@r@ reQorefsnargy dyessids, wher e
the tine edTa, @ﬁ‘stfa(eocﬁé éQreQ&d%&h %ffﬁ?eﬁg)p ﬂ@Q%&gh ﬂglst%}l g*a%ﬁiha”ber
t e etch pha

desi gn an gas ow rate. tinme T3 t egl n e etch
gas flow reachwsulhta}nfpr@desst, Hethmeoqarrlpmqjgss modat@nh, didepogwontfhateia ti me | ag of
AE is 5 the t]i ween ent RE_an ressure| . prayi.ded and the
Crme that ¢ et BoeRT BYET AT oDl FlrrSesPO o BORiat DoBRBYMESR on 1n
an exanpl e, theapplcetau@hafsa? pEveh eravaea aﬁﬂ)ethmspamnei?erwﬁm@sbe where the tine
lag AE may be from50 ns to 2 seconds. In this exanple the tinme lag for the

deposi 1 on ADAIASBSHNEpYReOERE FRRD RBSE] K@e G TopH eHBDUAAL Phase AE

Al though the higmiibRgasMBNiche RN RDHeAGRERAeRost h@ﬁntﬁhé@ﬁsl# agl ihQeRYis al so be
dependent on the gas fiow rates. This difference of time l'ags for different
switched over a substantial period of time. Line 712 shows the application of RF

power, pressure, and other parameters that may be switched almost instantaneously for
the etch phase. Line 716 shows the application of etch gas, which is not able to be
switched almost instantaneously, but instead is switched over a substantial period of
30 time. Therefore in FIG. 7, the deposition gas flow reaches half of the maximum gas
flow at T, so that a time lag of Ap is the time between when the deposition RF and

pressure is provided and the time that the deposition gas flow reaches half of the

7



processes neans that using a sinple set delay in the RF based on the
machi ne used will not work since as shown in the exanples, different

pr ocesseswoaorel70i4bf erent delays. It is believed that aeCmaiS2@ros®ss usi ng
the nethod in this exanple without optically tinmed del ays have
inefficiencies of 10%to 50% where the percentage is the 15 percent of a
cycle where only one of the phase RF or phase gas is present but not both
the phase RF apdinRha@$odash gars@low Q§§rpéxamkﬁo§1@hgﬂ0§uo§phisla Uehieg3oOW t he
invention provides an optically tinmed de RF power, pressure, and

ot her par anet 840 2 gaspeds, whgre he tiowilagAe thanphrizem SDmtaﬁtsm@edméwnlegG 8is a
graph illustr . i S £ di ment of
t he |nvent|ongﬂPﬁ%Pﬂ?§§g%%%%#g%%¥ﬁggg&g%gu%t%ﬁe? @E%%ﬁ%ﬁﬁgP%%1 nilk?llgse is
fol |l oned by aambgahkmha&mﬁsMMfmhMEmE&manmdﬁ@matTJﬁmhmhaﬁmahggfm§m Li ne 804

shows the application of owe ssure,. and. ot he araneters that my

be s t ched” aliate teRuEhAPEMBEHER RPN Pituia gi PR WRALE T Msd'Bog shows
the applicati ?:ﬂ; Rfw BEPeShAll SMhIaSimWhictdh da$HOL 1ol RahPle DB sk piked al nost

i nst ant aneous but instead is 25swi tched over a substantial period of

time. Line 81hetgvﬁw§)0tmﬁé0§ﬁﬁqqnéwhéw tosy il ap sty bp f1a8is\iras togrigcBtther
par amet ers t hgf Y. he 8 dnfhed f&kﬂm%osit%tﬂ)%%qgﬁi%ﬁéngﬁém Eﬂ%%n?et@ phase.

Line 816 shows the application of etch gas, which is not able to be
swi t ched aInnﬁnﬂkﬂﬁﬂﬁﬂ@&ﬂh@d@ﬂ@Uﬁb@@Umnggemdﬂmsmﬁhmtdhﬁddeemﬂan@mgstant|a

period of .{i ca el a eposit and

ot her paraﬁeteagAgﬁ ?%e &?%%E%e%a#gwg?éFﬁg@sd%%K£a3o ﬁ%ga%”bfg mﬁ*? when
t he depOSItlOpmgaﬁaﬁhawmMﬁﬁﬁh@&sh@ﬂé&ﬁﬂehﬁﬂﬁh@RFBm%ﬂgﬁﬂwﬁMQmmeA&doptICa||y
timed del ay AE gf etch RF power and ot her %,aneters al | ows  t hese

par anet er s t o “HEP MOV HBY Aehewmia teexagples dlfrgent proresgi<care il eiches hal f

of the maxi mumgas 1fil BMevddihihl @R BRthe hBoERGLOEx A8 WRARSE My be
delayed. In this exanple, the delay of the end of each phase is until the

start of the ﬁ@)@t‘lﬂbh@%‘bdelﬁwﬁ haeriaelligipsindiohdi 40 SQhevhersdhaieresaiene iese may
not be de'éé‘yegemé?@( o QY% %Ole%ﬂége dﬂ%r%%'fﬁ% hQéérIif“& ar g@%fp%%eis%gg?t ﬁ}g&ﬂe period

when t he b5deposition wer an arameters
deposi tion gaﬁwm&mgﬁégmﬂmhmngmhaepkamna processi ng chanber and during a

greater part e i.ad when the etch.power. and o s are

o ovi ded 1 he Rl RS QGRS B A speth s RIAERLEL ° Shen
conpared to aRP"p@G@IS re¥dutd) it othdiadale@ys, whith blaly He exi@dpll RlmdkoOr each cycle
both the gas for a phase_and the other paranmeters, such as power, for the

10 phase are %Eaﬁtawglénﬂq Sohi ganh Higstrgnss & medulasipr peoces GpaRIEfefedn

exanpl e thg ebghoRhasers s u%hmerin agsoexqﬁl feQ)f%assrﬁ&Rlﬁ‘aql%n amgass@u&n%age me | | ag
AE may be from 100 ns to 2 seconds. ﬁls éxanple the tinme lag for the

deposi ti on ADisghidevecdiby adicfch ghasnt Af tlmmTt th@ depassion @hast beginhd it ¥H shhvase AE.
Al t hough the Elﬁgg%lg:ggonrrgfﬁPbgow@%@ésQuere,%gﬁ) gtrlllgre pnatralmetter}se thta% nl’lr% lgeasgvitrgﬁ‘éél al so be

dependent on
almost instantaneously for the deposition phase. Line 808 shows the application of

deposition gas, which is not able to be switched almost instantaneously, but instead is

25  switched over a substantial period of time. Line 812 shows the application of RF
power, pressure, and other parameters that may be switched almost instantaneously for
the etch phase. Line 816 shows the application of etch gas, which is not able to be
switched almost instantaneously, but instead is switched over a substantial period of
time. An optically timed delay Ap of deposition RF power and other parameters

30  allows these parameters to be provided at time T, when the deposition gas flow
reaches half of the maximum gas flow. An optically timed delay Ag of etch RIF power

and other parameters allows these parameters to be provided at time T,, when the etch
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15flow rates. This difference of tine lags for different processes neans
that a using a sinple set delay in the RF based on the machi ne used w |
not wor k woroe/as24shown i n the exanples, different procesTas2aa03®97
different delays. More preferably, the optically tinmed delay is between 50
ms to 400 ns. Preferably, the cycles are repeated at |least 3 tinmes. Mre
preferably the cycles are repeated at |east 100 tinmes. 20[0032] I n one

embodi ment  of of R RYGRE h@Nof thd 18 eRbINGAL noet BGhisQMbOGRIAS the Rnd S8actt | M, as
gases are detected b% the optical spectroneter, a signal is provided to
e

provi de the RPhase may hedelayeflatnebis gagrene tler delayQlidle enéal carh pasdeivaisthar e
Ponar s b ouinal Apb08onde! BEARLRihIg, GRLLE SRSFRLMERELLPT o) 962 (e

signal to provide chin I'n"an I ment of the
i nvention, thdelaytli Balpradetiecthe delayyeyridpe grecampde df thy perigontienohd er and i s

sed to nodify a r.ecipe whic rovides a tine. del f.or the deposition
Chaae ana s alspelEhpOrer il SRR e rler o g o At R BSER L & 0

then used dur iHaG1RMAPRLEIsING chaphith ak PGIrRAE alotddRr PBT G)Be PiiRd MPEh GRlelc timed in
that the optical spectroneter detection of the etch or deposition gas is
used to provi BeV¢REd Sheratagietgrhare REOViIded, theetcly gy 3vraisat ig e Ramaspect r onet er

I's a spect r ongelsihPafanfRASHeR SohfLAUE A DYocBs WittSPE thd Be1f). 4 thil &afBlcer M ne
gas conponents. WO 2012/ 170249PCT/ US2012/ 039997 [0035] I'n an enbodi ment of

t he i nventi onforeindh cydk dythiigygas frangbawowed theiother pFanctexaupi & noler. foree | ag f or

deposi t| Oﬁ‘o”aghaisé‘%r%%%‘&l%ré’sém SGL ERE R N oh{®pS @ chanber parameter drifts
over time or process paranePér r anps ‘over Prive. An optically tinmed del ay
provi des a de[(Wp1} hatin ag eauiplsthé eich plge Brbefvieen A0 @ato 1 deo@ndopihicgadhty ti med

delay 5 woul d provide inproved conpensation for fluctuatinq?delays.

[0036] I n an eliB6dierhaipanirdran {§{msio3 emndhatndhis penmiehe fiag Tiglppie + he
silicon wafer dé&ﬁiﬁi@@ASbHﬁ@@ &g&pﬁtefoﬁihme fihe 24a8: 0o e bt R, OM@koush ktiecON

vias. In an enbodi ment where the etch layer is a dielectric layer, the
pl asma pr oces$§hadpgonarisenachimy dencading shectipaler nlay alse begercpdyni eisthe g of

| nductive 15 Ouﬂl)&/@zgcfsol'lgl}slacﬂg%lgﬁ% ot B I1 Q%r?ﬁ%ent %%es@és%eahg%g{jae\ggﬁé ab € a

conductive | ayer. 0 enera e 1 nvention provi
sem conduct or sipmptcesdeldyiathedtdntmséds@sthampthinealsed yilbdot ey @scea sHomm ior nor e

0Pttt 1Y ¢ RIARES SHE. 35S0 OBLL B LTS EFRRE B0, o
optical ly ti neglicetighimpha@ggds b&ve@s00Rs oA his. Prit@ablfeRosicle 81 repeated
at least 3 times. More preferably the cycles are repeated at least 100 times.

20  [0032] In one embodiment of the invention, the optical detection occurs in real
time, as gases are detected by the optical spectrometer, a signal is provided to provide
the RF or other related parameters. Such real time delays are optically timed, in that
detection by the optical spectrometer provides the signal to provide the power
switching.

25 [0033] In another embodiment of the invention, the optical detection may be
recorded by a controller and is used to modify a recipe which provides a time delay for
the deposition phase and a different time delay for the etch phase. The time delays are
then used during processing. Such recipe time delays are optically timed in that the
optical spectrometer detection of the etch or deposition gas is used to provide the

30  delays in the recipe.

[0034] The optical spectrometer is a spectrometer that measures frequency of light

in order to determine gas components.



15phase and an optically tinmed deposition phase, or a plurality of
optically tined deposition phases and a plurality of optically tinmed etch
phases. Suohor/pomeess provides a first optically timedpPpmaseci2obidoned by a
second optically tinmed phase. In such an exanple the first optically tinmed
phase flows a first gas into the plasma processing chanber, detects a
presence of the first gas using a spectrometer placed to 20 receive |ight

fromthe pl aSE@s@f OC &S5 dWchoBRRATPSN the APEhBHAME 485 Iﬁaﬁdh&%%e OBErt@rHé Py when the
presence of the first gas Is detected and the sécond optically tined phase

fl ows a secondxagpde e fifnedagfpr dqpomwrrmaﬁun¢rsasegaéecmaﬁecpvph@m9B%@frmrrqbprocess| ng
champer, det egﬁm&%&nﬁ‘f@%ﬂ&% % orta*};‘%oc%% an a(ilnegeq‘%_lrﬁl 'o@gr tEr£‘§ dél%ﬁlca neh&l placed

to receive |i processi n des a second
RF out put dif ﬂﬁa}epsrbwﬂassmﬁeza&ttm acEdomstt deHlealni‘ftpLA remhﬁﬂe bmealmmmyof t he

second gas_i s detecte nal | ird or optically tinmed phases
can foI?owﬁmAFﬁuHﬁ??% éﬁ%ﬁﬁﬁ 8§m§/“ﬁP?‘EF@HP”&E‘%%&%Sy in t%e sane ganner

Preferably thig3gycl & irserfitRRRRnEFhAt HeRB%bn WafeeR thd d@SlaydMInEsiiRf er abl y,
this cycle is repeated at |least 100 tinmes. [0038]Wiile this invention has

been descrlbewaﬁhﬂﬁébﬁﬁdﬁﬁC@@P@W&Hh§WéHEﬂP€@&gD@ digphent dn akhere are
al terati ons, Qﬁﬁéﬂfﬂléﬁt'vﬁl@& théi&;c"{% ﬁglcﬁ %&Efim@ éth'ﬁL;?f&ts a pifdsSi %El?ajnlbe}"‘ thin

t he scope of thi's invention e no hat there are many
alternative mayspmwuknmkemwﬂtmm@ngmgﬁmbﬂhmHSUﬁnwu@pgaﬂmmuﬁes of the present

i nvention heref o nt end d t ha f ol | ow ng appended cl ai ns be
|nterpretég agmﬁ%ﬁ@ﬁﬁih %?FW%H%W gﬁfQW%Fbgggwﬂpernutatlons and substitute

equi val ents ap087] | Mdr@gd”mefah@, the id@er$iph biokideddseaGemaudbr frbRsqhasent
invention. CLAIMS What is clained is: 1. A nethod for etching features
into an etch FAYRSCS hplgraljpyd ﬁﬁPl‘ﬁroéé‘@%gli TRgFe CRUGHHE Fmed BhaseS YFthef & plural ity

of cycles, whgfghily 8AENIS) Qh&1ﬁﬁ&?&h%ﬁ%muéﬁ9uﬁﬁéh&ﬁhﬁ%eRﬁﬂﬁgmﬂﬁﬂps't'On
phase, conprising:” providing a flow of depoSition phase gas; detecting the

presence of depedpieh phmsgant aiopkFallytinedsichhesed, or an optically timed deposition
15  phase and an optically timed deposition phase, or a plurality of optically timed

deposition phases and a plurality of optically timed etch phases. Such a process
provides a first optically timed phase followed by a second optically timed phase. In
such an example the first optically timed phase flows a first gas into the plasma
processing chamber, detects a presence of the first gas using a spectrometer placed to

20 receive light from the plasma processing chamber, and provides a first R output
when the presence of the first gas is detected and the second optically timed phase
flows a second gas different from the first gas into the plasma processing chamber,
detects a presence of the second gas using the spectrometer placed to receive light
from the plasma processing chamber, and provides a second RIF output different from

25  the first RIF output when the presence of the second gas is detected. Optionally a third
or more optically timed phases can follow with different gases or different RF energy
in the same manner. Preferably this cycle is repeated at least three times. More
preferably, this cycle is repeated at least 100 times.
[0038] While this invention has been described in terms of several preferred

30 embodiments, there are alterations, permutations, and substitute equivalents, which
fall within the scope of this invention. It should also be noted that there are many

alternative ways of implementing the methods and apparatuses of the present
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processi ng chanber; providing RF energy for formng a
pl asma fromthe deposition 10 phase gas in the plasma processi ng chanber;
and WO 2012/170249 st oppi ng the flow of the depositiolrCgas201a0899%he

pl asma processi ng chanber; and an optically timed etching phase,

conprising: providing a flow of an etch gas; 15detecting the presence of
the etch gas within the plasma processi ng chanber;

providing RF eRefiy. fQf mbRIR ﬁlganﬁecpdhﬁstﬂ@foilf)\gfﬁ?Taﬁﬁenﬁémalﬂ@%e inferpR@a Pl asma
processing chanber; and stopping the flow of etch gas into the plasma
processi ng 20acinglnthieg all sh alfrations: voautatzons raad sehsttuiaregeivalents 2s falvathési n t he
detecting the f s and the detecting the presence
of the etch ggg ﬁég@ﬁgmgsa%g%ﬁq%&&%&&fﬁgggﬁio receive light fromthe plasm
processi ng chanber. 3. The method, as recited in claim?2, wherein a
controller receives input fromthe 25spectronmeter and controls RF sources.
4. The method, as recited in claim3, wherein the controller in real tinme
causes the RF sources to provide a deposition RF power output when the
spectroneter indicates the presence of a deposition gas. 5. The met hod,
as recited in claim4, wherein the controller in real time causes 30 the RF
sources to provide an etch RF power output when the spectroneter indicates
the presence of an etch gas. WD 2012/ 170249PCT/ US2012/ 039997 6. The

met hod, as recited in claimb5, wherein the deposition phase is from 100 ns
to 2 seconds and wherein the etch phase is from100 ns to 2 seconds. 7.
The nmethod, as recited in claim®6, wherein the plurality of cycles
conprises at |east three cycles.
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58. The method, as recited in claim®6, wherein the plurality of cycles
conprises at least 100 cycles. 9. The nethod, as recited in claimS8,
wher ei n twe 2etxittod4ayer is a silicon wafer, and wherei n Phe/USe@0s®s7 ar e
vias. 10. The method, as recited in claim3, wherein the controller
records a tinme delay 10 for providing a flow of the deposition phase gas
and nodifies a recipe to provide a tinme delay for providing RF energy for
formng a plasma fromthe deposition ghaggigpas based on the recorded tine
delay for providing a flow of the depdosition gas, and wherein the

control |l er re®datis climé¢dye del ay for providing a flow of the etch phase gas
and nodifies the rgci Vi I I fo vi di RF energy for
formng a 15 trlﬂ as ngﬂe‘ra%%tfﬁ egéhgl%gcﬁsﬁ %ng{%laes lggeégl @Q{Iﬁaeﬂ rgégg%l}gded time

del ay for provhalibeg campiisong oflutahie of tyiesgalserein ddch chiclaedrhded:or provi di ng an
optically finmed gas nodul ated sem %ond.uct olrlvgr ocess in a plasma processing
chamber, conprising a pPOPRFAY Jmse dRPSUZE Phask&PRPRSIBECh cycl e conpri ses:
20a first optically timed pRasglinghtowo odiGorophécCak! y tinmed phase. 12.
The method, as recited in claim 11, whef%?n tﬁfe)f,ﬂ,lfie%?t optically tinmed phase
flows a first gas into the Pradig UsrRsesessiohderopisinhess wider BePisHapr esence of
the first gas,Msidg.ansReetrometer placed to receive light fromthe plasm
processi ng chanber, “and 25provides a first RF output when the presence of
the first gas is detected andviserRF energydosiooning appising &binythe depedtiphase
flows a sg&ond gas, dififerent fromthe first gas into the plasma processing
chanber, det eB}tls pr esénce S tRessatong gas using the spectroneter placed
to receive light fromthe pkagpnag pedoessiglephiaddnasns inende prasvia des a second
RF output different fromthe first RF output when the presence of 30the
second gas i sPWEESERE ERpMOeEANd The et hod, as recited in claim 12, wherein a
controller receives inpyt, fiéaﬂ?%ihﬁ@e@ﬁ%ggﬁé%%bﬁl riﬁng% controls at |east one
RF source. WO 2012/ 170249PCT/ US2012/ 039997 14. e method, as recited in
claim 13, wherein the contr@raviling ffleveaf antdiqhegagiauses the at | east one RF
source to,provide the first r spect ter indicates
the pr eserlé:)e of the first ggg&ﬁ%‘f@e’p@‘ﬁ%&%ﬁ?gg{ﬂ ggg%}@@?%e%%?ﬁ claim 14,
wherei n the copmtessingelmaniter;r eal tine causes 5 the at | east one RF source to
provi de the second RF power output en the. spectroneter indicates the
presence of the second gas. proi'gﬁ)ng‘r%%@%yﬁgﬁfor lélglaé’galslir%ﬁmfnﬁﬂ%‘ft% 1%,
wherein the fitelaspbasRedsigichamet@ddns to 2 seconds and wherein the second
phase is from 100 ns to 2 seconds.

stopping the flow of the etch gas into the plasma processing

20  chamber.

2. The method, as recited in claim 1, wherein the detecting the presence of the

deposition gas and the detecting the presence of the etch gas uses a spectrometer

placed to receive light from the plasma processing chamber.

3, The method, as recited in claim 2, wherein a controller receives input from the
25  spectrometer and controls R sources.

4, The method, as recited in claim 3, wherein the controller in real time causes

the RT sources to provide a deposition RIF power output when the spectrometer

indicates the presence of a deposition gas.

5. The method, as recited in claim 4, wherein the controller in real time causes
30  the RF sources to provide an etch RIF power output when the spectrometer indicates

the presence of an etch gas.
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17. The method, as recited in claim16, wherein the plurality of cycles
conprises l1l0at |east 100 cycles. 18. An apparatus for etching an etch
| ayer, cowprosirige49a pl asma processi ng chanber, conpri siPag/usaoichasber wal

form ng a plasma processi ng chanber encl osure; a substrate
support for supporting a wafer within the plasma processing 15chanber
encl osur e; a pressure regulator for regulating the pressure in

the plasma prgcessionGhaITRekcifAGh ORMI §:wherein the depositi®h phRBSLir@MoE! ect rode
for providing power to the plasma processing chanber encl osure for

sustai ni ng a pisasPeeconrbang aderci tag cietophapy isViodi K ngres Zisatosdthe pl asma
processi ng Ch%‘!‘bernﬁﬂﬁ R EEre it 908 Hikdifhe | Rﬁaﬁ%;({;‘racga%% O RS i rom the
pl asma processing chamnber enct'osur e & spectronet er p05|%|oned to
measur e | i ght lchstolmed eyslese t he pl asma processi ng 25 chanber; at | east

one RF power gsource electrically.connected to the at | east one el ectrode; a
gas sour ce i nof | ui HoBAsk 1 BT Haphe Wt e aRrigs AR fpbrsesiposi t | on
gas source; apdsc30@apyisch gas source; and a controller controllably

connected to the gas source, the spectroneter; and the at | east one RF
power source, 9correrhesrp(ﬁqu, as recited in claim 8, wherein the etch layer is a silicon wafer, and

wherein the features are vias.
10. The method, as recited in claim 3, wherein the controller records a time delay
10  for providing a flow of the deposition phase gas and modifies a recipe to provide a
time delay for providing RF energy for forming a plasma from the deposition phase
gas based on the recorded time delay for providing a flow of the deposition gas, and
wherein the controller records a time delay for providing a flow of the etch phase gas
and modifies the recipe to provide a time delay for providing RF energy for forming a
15  plasma from the etch phase gas based on the recorded time delay for providing a flow
of the etch gas.
11. A method for providing an optically timed gas modulated semiconductor
process in a plasma processing chamber, comprising a plurality of cycles, wherein
each cycle comprises:
20 a first optically timed phase; and
a second optically timed phase.
12. The method, as recited in claim 11, wherein the first optically timed phase
flows a first gas into the plasma processing chamber, detects a presence of the first gas
using a spectrometer placed to receive light from the plasma processing chamber, and
25  provides a first RIF output when the presence of the first gas is detected and wherein
the second optically timed phase flows a second gas different from the first gas into
the plasma processing chamber, detects a presence of the second gas using the
spectrometer placed to receive light from the plasma processing chamber, and
provides a second RTF output different from the first REF output when the presence of
30  the second gas is detected.
13. The method, as recited in claim 12, wherein a controller receives input from

the spectrometer and controls at least one REF source.
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at | east one processor; and conputer readable nedia, conprising:

conput er readabl e code for etching the etch layer conprising a plurality of
cycl es, wNeneim7emgh cycl e conprises: 5conputer readabl eCtaseo2o899pT ovi di ng
an optically tinmed deposition phase, conprising: conputer readable code for
providing a flow of deposition gas; conputer readable code for using the
10spectroneter to detect the presence of deposition gas within the plasm

processing chapber thGATRY, &Y rebiRAJABLEN 2 WhefeR] (hPEQVIoHENE 1B 8O8LG% foOr
formng a plasma fromthe deposition gas in the plasnma processi ng chamnber;

and conput er theatighit eneRd souresrto praypsleitrgfimsHRE peveryovtbutlBhendhafwpaineiadn i nt o
ghe.plasna Prﬂﬁﬁﬁégﬁg %QQQE%f&e%RQ %anuter readabl e code for providing an
ptically timed etc 6 ase, conpr|§|ng, conput er readabl e code for
provi di ng a fll&w dfheanetkdd hs geigzd in claim 14, wherein the controller in real time causes
5  the at least one RI¥ source to provide the second RIF power output when the
spectrometer indicates the presence of the second gas.
16. The method, as recited in claim 15, wherein the first phase is from 100 ms to 2
seconds and wherein the second phase is from 100 ms to 2 seconds.
17. The method, as recited in claim 16, wherein the plurality of cycles comprises
10 atleast 100 cycles.
18. An apparatus for etching an etch layer, 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
15  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;
20 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;
a spectrometer positioned to measure light from inside the plasma processing
25  chamber;
at least one RIF power source electrically connected to the at least one
electrode;
a gas source in fluid connection with the gas inlet, comprising:
a deposition gas source; and
30 an etch gas source; and
a controller controllably connected to the gas source, the spectrometer; and the

at least one RIF power source, comprising:
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20comput er readabl e code for using the spectronmeter to detect the presence
of etch gas within the plasma processing chanber;

conput er woadehi7e24eode for providing RF energy for formPog/us2p2asyva’ from
the etch gas in the plasma processing chanber; and conputer readabl e code
for stopping the flow of 25the etch gas into the plasnma processing chanber.
19. The apparatus, as recited in claim 18, wherein the conputer readable
code for providing RF epRu@¥nd HocdsQrMiag the plasma fromthe deposition gas
conprises conputer readable code for in real tine causing the at |east one
RF source to provide a cdepeisircpdshleRdroeRinproutgput when the spectroneter

i ndi cates the presence of tQ%Eagerqgﬁgﬁi@Ej)d%r}mgeqaﬂ%n@%é@gﬁagé nﬁ%ﬁ%ﬁg?ﬁmer

readabl e code for providing energy ror formn S e etch
gas conpri sesphodipuifeycles ateabineadodelefcomptisesr eal time causing the at | east
one RF soupce to provide an etch RF power output. when the spectroneter

i ndi cat es éhe presence of the et%Cﬁnpéle§.rea§%}°?el“ﬁdpeﬁ%ttpﬁ%"d(}m%%n?pglfff%‘[yetﬂn‘?dn any of
clains 3-4, Wa&oeikibn bitee, ¢OMbrighd:€r in real tine causes the RF sources to
provi de an etch RF power output when the spectronmeter indicates the
presence of an etch gas. 521. The net HOEPUgEreaddlecode fon PEidingfa fkevapins 1- 4
and 20, wherepg,qtig, dgposition phase is from 100 ms to 2 seconds and
wherein the etch phase is from 100 ns to 2 seconds. 22. The nethod, as
recited in any of clains 1-4 and 20- Zbmpwieercedabletdode foirusiag ey of cycl es

conprises.at |east three cycles. 1023. The .nethod..as recited in any of
R T B e S R N

100 cycles. 2#hmbEhe nethod, as recited in any of clains 1-4 and 20- 283,
wherein the etch layer is a silicon wafer, and wherein the features are
Vi as. computer readable code for providing RIF energy
for forming a plasma from the deposition gas in the plasma processing chamber; and
computer readable code for stopping the flow of
15  the deposition into the plasma processing chamber; and
computer readable code for providing an optically timed
etch phase, comprising;
computer readable code for providing a flow of
an etch gas;
20 computer readable code for using the
spectrometer to detect the presence of etch gas within the plasma processing chamber;
computer readable code for providing RI energy
for forming a plasma from the etch gas in the plasma processing chamber; and
computer readable code for stopping the flow of
25  the etch gas into the plasma processing chamber.
19. The apparatus, as recited in claim 18, wherein the computer readable code for
providing RF energy for forming the plasma from the deposition gas comprises
computer readable code for in real time causing the at least one RI source to provide a
deposition R power output when the spectrometer indicates the presence of the
30  deposition gas and wherein the computer readable code for providing R energy for
forming the plasma from the etch gas comprises computer readable code for in real

time causing the at least one RIF source to provide an etch R power output when the
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25. The nethod, as recited in any of clains 3-4 and 20-24, wherein the
controller 15 records a tine delay for providing a fl ow of the deposition
phase gasweandizmioi4#hi es a reci pe to provide a tinme del ay PCoruspeiemsepng RF
energy for formng a plasnma fromthe deposition phase gas based on the
recorded time delay for providing a flow of the deposition gas, and wherein
the controller records a tinme delay for providing a flow of the etch phase

gas and nodi f {@syd&erifGERE tﬁ@pregeﬁyé&eh@etéﬁ delay for providing RF 20
energy for formng a plasma fromthe etch phase gas based on the recorded

time delay foP0.prolhedieigodaasicoipdan anhd ceigh3-gaghereip gie cphieoliveinired limgs

recited in a”Xau‘Qéstiﬁ_é ﬁiﬂ%surée% tol"i*ow‘ﬁ@% &b}?ﬁiﬂ*ﬂgw&o d; &{ghé{ thl thel et«%' e causes

the at | east one source to ower when t he
spectronet er uﬂdnmame$nﬁh3epfes@dcgmof t he second gas. 2527 The nmet hod, as

SIS IR, A T SR R I AR
28. The net hodphasisiRm {E0ns 1 26aYonak afd Whdi®in Ihb-eleh paid i26ok 100 WRes &I n t he
plurality of cycles conprises at |east 100 cycles. 30
seconds.
22. The method, as recited in any of claims 1-4 and 20-21, wherein the plurality of
cycles comprises at least three cycles.
10  23. The method, as recited in any of claims 1-4 and 20-22, wherein the plurality of
cycles comprises at least 100 cycles.
24, The method, as recited in any of claims 1-4 and 20-23, wherein the etch layer
1s a silicon wafer, and wherein the features are vias.
25. The method, as recited in any of claims 3-4 and 20-24, wherein the controller
15  records a time delay for providing a flow of the deposition phase gas and modifies a
recipe to provide a time delay for providing R energy for forming a plasma from the
deposition phase gas based on the recorded time delay for providing a flow of the
deposition gas, and wherein the controller records a time delay for providing a flow of
the etch phase gas and modifies the recipe to provide a time delay for providing RF
20  energy for forming a plasma from the etch phase gas based on the recorded time delay
for providing a flow of the etch gas.
26. The method, as recited in any of claims 13-14, wherein the controller in real
time causes the at least one R source to provide the second RIF power output when
the spectrometer indicates the presence of the second gas.
25 27. The method, as recited in any of claims 11-14 and 26, wherein the first phase
is from 100 ms to 2 seconds and wherein the second phase is from 100 ms to 2
seconds.
28. The method, as recited in any of claims 11-14 and 26-27, wherein the plurality
of cycles comprises at least 100 cycles.

30
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