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nmet hods for etching 5 features as part of

sem conduct or device fabrication _processes, and nor

par t ARPARATUS A ND\METHADI EORGONTROLLING I GHIDEPTH
apparatus allowi ng accurate control of the depth of a
feature being etched. BACKGROUND OF THE | NVENTI ON 10
There are a nunber o ' in the
fabrication of sem %m?ﬁgwcﬁ? i's inportant

that demieGREseaf RvéivhireRates gereasily Riapbyrais and niahods for etching
ei ther avoid device failure or_to reduce the nunber of
defoateres agpark ofemieondygior dayipe fapricatjon PEpesssSs gt mgssparticularly
hat ces . e .

eriBp S HE oRESheTAMLA Sha LA ARRRIhE RicnBS cbitpol of the depth
t hefa fdguredeirdgdtthedThere is al so a requirement of 15
reproduci bility so that devices fabricated from

different wafers all neet manufacturing

speci i cations. BygpridrEONISOERIR IeVERMEONS
reproducibility is in tact net, there can also be a

per cei VHtkre aperaommdicbdf camgpatingpinéssireslissthg fiabricagén of

devices . require confort th nuf act ugi n

S P OPERF PO G TP NERE ML e Aty LOHBEebafepely so as to
NeitHER AR Y d8RcAfaiBid &t Rduts!tle nuifberd BEdides oflaSatbiiat fail. It
conpeting pressure of throughput which requires

selviatsorigipettant thiwdevieesmenri mzanulaciuningtspedifcations freenstiee that the
ickly i d i d i .
At obeRBet Lot b el B TR QYR nhc o

M JeptcAtEibilRg 86 fiat déieesreficatiddidm tiffeyerandifas allmawy of
device fabrication. A common step in the fabricatjon . .

of meeufheiBrageresiicatonse diyen if ayacrenipla lovsl plprodicibiliy is in fact
a | ayer o e : [
i

f atdglir€ cehforhdatdasufectatingipeeifichtims @ak elyvays be freet b anggrot being
speci fication. One pechani sm by whi ch peopl e have
t r mebmesleasstmatten{iidkeat ures with the correct depth

are et chfd.iSylPme eseﬁg%%e%h@bﬁmgh@ﬁ%mémehﬂﬁes

waf er prior to etchin The presence of an etch
St semikenydectop devicelmmnafaviaying twoby towopatate qracklyan order forpayide a

bei ng, etched deeper.th the etch, s .l ayer, t .-

e e R R o S

Wi n%ngs@ thel rEproBREBIRY S RIaEY 0P iGOBbldtioAl SO, in

SO evices an etch stop |layer cannot be used as it

woul d i Atcenfreetestep irhthe fidbricationsefisemicondustondeyicas pgetching a

V\Dfe% (r)g' {n g’ g?aSy%r EFaT @gise%.oﬂ%/ (93}3)’ Idtthe feature can often be a critical factor in
the correct operation or failure of the device or otherwise a key manufacturing
specification.

One mechanism by which people have tried to ensure that features with the
correct depth are etched is to provide an etch stop layer in the wafer prior to etching.
The presence of an etch stop layer provides a way to prevent the feature from being
etched deeper than the etch stop layer, but requires a more complicated wafer
structure to start with and is therefore complex and costly. Also, in some devices an

etch stop layer cannot be used as it would interfere with the correct operation of the



device. Further, it can be necessary to etch into a
waf er substrate which does not include an etch stop
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to control etch processes. For exanple in a gate

manuf act uri ng process, optical emssion s ectros.cogt\)/
calevise. Huuher, B capbeaecspstrntd aiffinion Walrs subsfrate which does not

po [ ji.Licon has been etched through. The
eﬁhés{lgﬁ%%ﬁgtﬁﬂé%t{aﬁ&%e%hanges when the gate oxide layer is
exposedv aivlis bpgid sechhigatchaveaisd been titeel tgabrtrabetabeprocesses. For
| ayer can be detected. However, aglfai n t.his rtergui re

S
t appEsiBricIate BRoufactprig Bocessy SticEk gruistipy pspirgrqopy gan e used
a il ' i B ARugh. Th
R BB oy B .
or gheissib sppetremathengdsevichdnggate axide laykeiserpessidand begins to etch

spectrum and sq the depth, of the_ etch throuygh the
oI PRl haer s At Uy g P tfres the presence
AnGt 1 SkcinEh PR rbiivdly 8afs Rah eRh@ydiadRbol ittheafdt. Further
accurate etch depth “control is thé use of

i ngosref esclungof e gatsertidedayaringedsso opcusiig grdst & ggperie thejchange in

used to .etch the featur d.an inter LG
pamnentieh) PRaPE T e B AL} B UEboRLE M aver
chanas: decaggwliycattrolieg. feature that has been etched
into the wafer. Wen the desired relative change i

. ! in
etch depnothprmetbad which doepaolarreridn guifisicatly apragate etch depth
Howe 3 j n , i
BB TS AR aBS At R BT 1o
t egdls tHeGedt@reant iag intbife@ntetrice¢ridgioim{[ER) deliee actsedlto measure the
dept h, et ched., The, | ack_ of Cﬁnt r OL of &% ch deﬁt h and h
| axslatiye changedw denthiof theyfeatare thaidus peeticheddntiodne wakeroVhen the
to . : _ . il : >
2P P Sl Sl GPBEL LSRR Bovver,
dekighrehgatcpueicseeaimt s6h etobingsninetiaélyrapd m aegpdodusible
B BB Sur e SRl P cep e oo
SUfabk 6F E8HiroP bOGER AEMA ahd (RN P RipkodudibilfYMMARY A & ddWike failure or to
I NVENTI ON A nmet hod for etching'a feature to a desired
defitilnrd to mechefasniackirinp specifieationsroreo waserHodvafacyayiagins that do
et chi n%ttdhe f(zat ure at .a first etching rate. The
f eBPUPEEt ASVIPH AR GRS RS second et ching rate,
whi ch | $h&k Q@erefdd R deb@ fdrialsihple! ePiodgcibi ethdd €or accurately
etching depth is optically determned and etching is

st ingretethdapth whilp sl providing suffelcHayeessing GhrguBImL.
Using two different etching rates provides high

t hroughput with good depth <control. Using a second
etching rate sl owerSUMMARIYeOFTHE INVENTHONr at e
facilitates inproved optical end.point resolutio

Accor di Agneodiitgdings ke ta Eh%esirﬁ_ Q?Rthéa‘haﬁ’ra ilﬂgjédgsed' The

=D e LIS, SR AL 0y e

r atiea se@ond etching rate, which is slower than the first etching rate. The etching depth
is optically determined and etching is stopped so that the feature has the desired
depth. Using two different etching rates provides high throughput with good depth
control. Using a second etching rate slower than the first etching rate facilitates
improved optical end point resolution.

According to another aspect, the invention provides a method for etching a

trench in a silicon layer of a wafer. The method includes etching at a first etch rate

2



WO 2004/ 030050 PCT/ US2003/030117 and then etching at
a second etch rate slower than the first etch rate.
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etching is stopped so that the trench depth reaches a

desired end point. According to a further aspect, the
i nw@%ﬁ@mw fesconp sichatts slomsr thepdhg E@t gich gate.o Fhepyrent etch

. for. o .
| ndfbi dically ot ARRRLAIS R HIRDPED SN hehOPdepih reaches o
endesped atd peui.ce i s provi ded and positioned to neasure

the etch depth. | ectroni.c .controll er..comunjcates ..
wien ARl 1o o Bniher Guitell e dGTROR RS HBPBRIR o1 Sching a

t ofhturd e wafak." ohd %fpa?a@ﬁhtiﬁ&hﬁest iﬁ_eeté tobPirfcﬁﬂE&fgea thRKk for

etch rate part way through etching the feature and to
st bgddingéhewafer.ngniopticsl end peinhidevidreis peamidadeandgositioned to measure

etgched.t he, desi.red depth. BRI EF .DESCRI PTI ON OF THE .
DTt A RS S en i BT 01 g Opechl o
adyandea@eshé siehiag ool Mate b&RtolRE cortikeths k@€ Ryduce the etch rate
reference to the follow ng description taken in

copgrtivvey thepugh atehing the femurgand i slap ithapteliagtasgsoithat the feature is
métgﬂédtgitl%u&e%ir%dhéptﬁ‘ schemati c cross sectional view of

et ching apparatus ‘according to an aspect of the

invention; Figure 2 is a schematic cross sectional

' f f having a trench etched in it
acoor ding and 1 11 BHERORSCRAGIONGF TS BRANDIOS he
i nvent | o, ; ' i Jel i
e ot oo ineChfdntieBind: FIA B Ll 08 HHordol, taY B bOO
a swiheestedd iy efaarede tdtel folavingideserplion takich én carjinadionsvith the

of etchin arat.us .according to an aspect of the
in?F@ﬂ’P’ipEﬁ‘ﬁnga‘p SERSHHS i ke reference nuneral s

refer tpighffekleis GOURGRATY GtoRREctRINBIWRBY Df etcRingfabPhiakl? according to
DESCRI PTIFON OF THE | NVENTI ON The present invention

r edmmaspsctiod theshendionand apparatus for controlling the

depth of. a feature etched in a waf.er duri .

fabr 1 catielie 2F at B EotaucPuRribyRt et 1 1tg aying  gengh ctched
s cianBdcbdig £l i0fisteatib A @chTh S GREFIIN t15ial 8ok 0,

i ncluding a 30 plasma processing tool 101. The plasm

pr ocessiiggretoBlows@lavs chaat illysftaitnievls stchips opsitlead! ofi the imyention;
etchi ng tool and includes a plasma reactor 102 having

a pllasma processing chanber 104 therein. A

t r ansf oFigere £i8 uskkemftitvezoss(sé€iidnavisivoflahétherldfbodimentas etching
bi as power caontroller 155 respectively control a TCP
poq,p@,araé%pg,rdwlto SR a@spgchof the mvention.

In the Figures, like reference numerals refer to like components and elements

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to methods and apparatus for controlling the
depth of a feature etched in a wafer during fabrication of a semiconductor device.

Figure 1 is a schematic view of a plasma processing system 100, including a
plasma processing tool 101. The plasma processing tool 101 is an inductively
coupled plasma etching tool and includes a plasma reactor 102 having a plasma
processing chamber 104 therein. A transformer coupled power (TCP) controller 150
and a bias power controller 155 respectively control a TCP power supply 151 and a
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156 influencing the plasma 124 created within plasma
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point for TCP power supply 151 configured to supply a
radi o frequency SI nal at 13.56 tune

raRiahpoveer PRIy 1RO itiueneige fhemipsrs, ol 14 craeq pbircelagphamber
t hgypl asma chanmber 104. An RF transparent w ndow 154

is provided to separate TCP coil 153 from pl asna

c hanberThel’D@P\pbWIeeccaitﬂoﬁw hy setser :@ypcbint @aét”@pr@vnr'E@ply 151

| 153 b 10.2.
C renmERedric SWEGB e BomEns Signelal By bMIEE rinbhy AR mateh
of n&@eﬂh 5zetd"'@TCPQ;oﬁ 159 @RS ai0the BREMAtHhABBE 1042 .41 R

(1 inch) Tocated in an aperture in_the RF transparent
10trwsp@t@mﬂ\5mdowﬂé4b$ provisledie seperate BCP epil 155 fromt plagma epamber

Sl R AT B
dzllﬁi%all 18EdpaRAewi{iBw 1853k pebvidddiyn diftale pasgewf sdpphilre having a

creating a direct current (DC) bias above
eI diemetsd of aragoxinatdly 2§ canitlpineld) lpentedeimeimaperurgin she BE ransparent
106 as a sem 15 conductor wafer workpiece,
beWHgggﬁgéeSsed A gas supply nechani smor gas source
110 i ncTHélBias powartboatolidr 156 seR @seOfointefor bias powaﬁsu(pply 156
gases 116 attached via a gas mqﬂfol d 117 to
f

t h@olﬁi@@ﬁéﬁo supRyAR REs1gak i #s DA é?‘@mﬂﬁggﬁrte @&luck
Ocibfode 08 rlb(%ed%ﬁl&@?heﬁﬁl?ﬁ@? IR 64 &d4hing f‘dﬁ’é’é current (DC)
ex aust nechani sm i ncludes a pressure dontro
vabide adh@ edovtiodx hefIwhichGs ;niﬂp‘f;fd]tﬁ Pecaive arsehstvats 106, such as a semi-
partlcles fron1 i t.hi n the as chanmber 104 and
§W§erﬂ§F igqs Beingp wi thin pl asma chanber
104 A IL\ @ﬂﬁ bt ck@hkdnh Of ée%rsoﬂu%g 180 Mdl®les alsBrce or sources of
terrperat eaters 182 provided wthin the chuck
108tcb@nt (gasnd)lr giiséd Hp adtablesslt aa a g@ﬁi\mam&lé By tagmpply the proper

|, t h 104
o By Soth B04EF 05 s BRERR I Mg erBtoT e £14Ep chymber 104
' NANI 4% @4h AREmMESHIRRUN IS 1@1@1ﬁ1§§§@1}reé§ilﬁ%on%ll%l% 1T @nd exhaust
etchln% Brocess starts when the gases are conve%
i npemp il aad rimavise partioles firm withindhe plesmy elrasgbas U4 @pd maintains a
fﬁ'g%lg@s &r&%}iltgeugﬁgm ax}%%h%%gpky enet work 110 ionizes

i Vere | ectrode 108

i nduces Adtefapefatias c@iraiieb $80 edrrolsifie tempetatiterafhebtoss 182 provided
direction and energy of_ion bonbardnment of substrate
10withinthe ghuaknd8 byroatreling @ hsptse pawer supRlydi84sma react s

chem c ah{ % n‘%aﬁ Ii‘erfrﬁ ein}g%sfg?agcgla@foelt ﬂﬁ‘r %ﬁ&fe%&m@ﬁjﬁ ﬁg@ﬁ‘_’ed by

remove material not a photoresisti
I nemteuxgrwf)ﬁratem@wbnﬁiﬁmgas«zbmphmdsr(p]emha)omdeavacuum The

sui t apl e pl asna S t ool woul.d be the 23

VeFhnearboess s whe rs% ALCHVEXRIJRE Rigsniaghem or 104, RF

Re§8@ELCdblivered by TCP coil 153 and tuned by TCP matching network 110 ionizes the
gases. The power delivered by electrode 108 induces a DC bias on substrate 106 to

control the direction and energy of ion bombardment of substrate 106. During the
etching process, the plasma reacts chemically with the surface of the substrate 106 to
remove material not covered by a photoresistive mask.

In one preferred embodiment of the invention, a suitable plasma processing
tool would be the 2300 Versys Silicon Etch System, as provided by Lam Research

Corporation of Fremont, California.



Corporation of Frenont, California. 4 WO 2004/ 030050
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end point device 160 | ocated external to the plasmm
processing chanber 104. Optical access to the plasma

pr ocessiufgecrbpiert.she Ptebma éﬂs‘iﬁ? InGlpdey giineds wavelength

c I

oG oA AR S5 KR ben SRR ARATRR Magin G LA0R

t réasyar £ @ptm;ibmciaﬁtﬂto tH'ehldamm:ipmoessmgd:humber 1t povides by

posj t.i one acent to .the w ndow 1

D oRiip 64 <CBPRSTEG P B b ety Brsmfape inch) in

T eRbMERS if taﬁ Qﬁé?“ru‘r@hﬁh& IR %E}?&frerk%nﬂ&v 354 ‘TE@ El'ld)ﬁomt device 160
subst ant’i al per pendi cul ar” to the plane of

wai @psitidinal @mj:emdp mhe ‘dmalpwd 6haod gsamtameé sa asjto be able to measure

b COBAREGTRERe SRy e Rlkg 1P iy o oty O

r 8fdrpsidashidri® MetplheWEIRS whfef.f Bleerrisbinidice16d gbﬁbrﬁt@élhnd
time during an etch process as will be described

g rieansemts @e,svbstantwélb'@mg viavehaginopaimen baust (bapdwidth -<-10nn1) of
| m{’ %3 tr“glj?&f dlS 5 ar cﬁe@?ﬁ‘cﬁ‘% gﬁbg\fr%g#au?ﬁcg‘ glgd fn%nf%r%& '11191%%1 91’?15 3g.mag an

rocessi

Or eteli plodces ab gl bd G&scn?ﬁb@lrﬁgreitbﬂ@tﬁybélem H:lQQle&rﬂmdlment of the
i ncl udes electronlc control circuitry 170 in

cofemioaathicsrd wpink deviee Kafds ﬁmvmed&é@né@egl@tﬁdm qfjilee plasma
etrﬁﬁ&%esbgﬁ&n%&]im'@gt 8%§%861r1%| c control circuitry

rical tical devices to process the
opt i cal Tlsd getahg systeam1 00 alse ivetlypies Blectienit centta cproitydd0 in

| ect I | di cat
o1 Srommgaticor B i spirgnevve | Ak herEhoateldu: mf
N QRAAGLAnRB] ciftuity cRideObBElibAnd obfigal BbGELY BftrGuess the

control circuitry 1 can be in the Torm of
s udritabl gzgrpals)@omnhemdgmmcwvam pwaieohlgqtm@wl sigoalp und-icra.ting the

P BBt o S B R GRS Rl e operaton
behMibe cRhmBeSbl MThb RRCWEHIE o] cEofitaATDcah bé Hﬁth@thﬁ‘xh 88a

operation of the etching tool according to the
et gifibly W@@O@&bﬁ@@ﬁ@ld@wﬂ Perpwier hEre deditsaiiggamtrol

of .th nt| abroa spect r al

ap%}:c ﬁp{ I:z e‘f%}ls%%y T‘t?él& ?a[tl(élg Chaege 1 d%pgﬂg)?a%eature being

t egtbidddt eheamrslfcelent @ o@hﬁolttﬁe gtching opeltaneﬂ bf thededtefigiiobEaccording
the end gml nt of an etch process, instead of the

si ieghectehing sgthagdeseiabrgtislayand t echni que and device

ref er'efh duRP e Boaitiah rARHRAAGITERHIbAM LRYFFirgRd

t echni que can provi ['ute’neasure o

deqpheximitety 1908¢000ne1)eeflevvahatnsbassd teghmquetet dsvivestre ased to
approach to paranetrically estjmate feature _ 30 depths
byonmﬁmi SE PR IE a@éar%%sa&ﬁ%é of el BRrrow

YIS Obul\ e o UL A QAR b v

Pr devicsi amddéchRague van provide an absolute measure of feature depths. The
technique involves using a deterministic approach to parametrically estimate feature
depths by matching modeled and measured broadband spectra at any instant in time.
A suitable broadband reflectometry technique is described in U.S. Provisional Patent
Application Serial No. 60/403,213 filed on August 13, 2002, entitled “Endpoint
Strategies for in situ Control of Recess and Deep Trench Etch Processes” in the names

of Vijaykumar C Venugopal and Andrew J Perry and U.S. Provisional Patent
5
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2002, entitled "Endpoint Strategies for in situ
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the nanes of Vijaykumar C Venugopal and Andrew J

Perry and U S. Pr ow i onal t 03005
PCAPOES KsseNg. o) ql@aﬁlrs@ﬁn Serempong, 2085, mic610
f | ke I :
SR PARRraR SR phrogEhiaFor AT bk vitoing of igh Depthsiin Flasma
of EEﬂmig ]Eiepdzsh&”mm tHel mmaren of Fijajliumpr @} ¥Vemgzops!' aridnAndrew J Perry,

r.C Venu al and Andrew J.Perry,
oD WS SPEK AROER L BY pIP RS D YEiP SPwieGH ok o qurposes.
there emgLuEt,eh ¥hdwd a &dhbmBHiE 91‘6§§§ct1&1a? Hﬂi’d&ﬂﬁ% 8 $DAWBIng system 400
schemati c cross sectional draw ng of an efching system

4 Oeimigir o that shozwnt ih eftgumwb it mnlumr@me broadband dndglogd inprgsuring

B SR0B A0 e R Bhio B rirdievie® JeB FhiRs g agorge 461 of

Soufgadb AR rad@ihtion fc@ﬁﬁ’&@dﬂldayf Adhahiod UV eRde epﬁ@ﬂl fiB¥r 462 to a
l ength of WV rade optical fiber 462 to a collimtor

464013;1@}8@@%1@14 e@mp@rwn@@w 465 Theieellizeatoy 4 is connected

O T

wh ivmibh iS cooRdte dortol @ﬁamtrs) 14701 Cexitidl Eitcedifo 4703@s"udapied to
circuitry 470 is adapt process signals from Ee
br @wﬁmgt@%ﬁdﬁ%.thﬁ r@@@)ﬂ&é@%@ﬂ&h@%@%ﬂﬁé@f@@l@tt g etch depth
?{ﬁus dhpd i enbodl ment. |In use, the etching tool
'S contro ed to strike and sustain a plasm 124
| n 15 finesep tresehindtoobEd] ik@dntdlicdHo stikesed ststaiptgbasma 124 in

e CHRR AR DO HhGE I i MFich DR eR eafors & B afd 106
t 0 Tfhb Qféﬁﬁ% rﬁetﬁ&flwﬂ?noﬁ b@UE&riBed DPNDartichh 8B hEe fof ﬁ?ﬁes 2 and

section of a part a wafer 200 etched accordi ng
t hé. miégured showds & scgmmtls colspsestian bf apart hbia wagg@o0 etched according

et oo i g S Phatk SRbw Par P BERREPERE pipamtinod. An

t r @RmBdintenfoPBe BhHhEORI IS ER Wil RFer@icedo WRthRIg ASench in a
part of a shallow trench isolation (STI) gr ocess.

Fi gilicen substraigdaxan ef aaaéar appert af & éliiallOWetf@C isodgfiopr(§& Bgocess.
has beeﬁ él?’é 5' ﬁ&v&ﬁgw r%ové@tfe {he e&%g@%%gce%s h%is been garrled out.

cryst al e sillcon SU strate

| ayide widd in¢lodesa Gidtallionsificéd suﬂ)etrdfta et BEK a|pa§1 @md%(lﬁyer 204 and
whi ch,  has  previ ousl i; been é)at terned to define
| o@atlicon ngfide hardipaskdayer e8¢ whichhps preyiqyislydicsh @atterszgd tgydefine

th‘ﬁhesltogit{ 1Q>fftﬁé“t?exﬁﬁ%‘a‘%&e32%t@bé Etrcﬁédgh' gh etch rate

tren is carried out 304. A high etch
rat e camthbiee st sf themesihddo3dPea first bigh letohatie etpheaftte tredvhns carried

583@9 34 3 ighetch e BcomiGuas ohe %h‘%&? FRCpratthan ¥
o nP%I%Qﬂnatglg@fO@@Mno‘Mé?& Ifa?@&f“'a:ﬁ)g fy@(ﬁ)b%i 80@0 A/min can be

ored 06 to determ ne wh ature
r easdreldr sheffirstsastcbtght 3042 Medeptlnbﬁtt]aenfea‘aﬂre beiyg etched is momtored

306 to determine whether the feature has reached a first depth 212 a substantial way

toward the target end point depth 214 desired for the feature. The first depth 212 can
be more than approximately 65% of the end point depth 214, preferably more than
approximately 70% of the end depth and more preferably more than approximately

80% of the end depth. The first depth 212 can be in the range of approximately 65 to



30 toward the target end point depth 214 desired for
the feature. The first depth 212 can be nore than

wapproxioset el y 65% of the end point depth 214, PCT/US2003/030117
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preferably nore than approximtely 70% of the end
depth a nore prefer y nore than approxi mately .80%
of % F{@Ofgtga CREPRIAL dopfs? f4 ad n@é‘?)?%abf'fﬁ Wm0 sppfegmately 80 to

r ange, of iha Sih{@dpR ¥165 to 6 WO 2004/ 030050
PCT/ U%ZOOB%%%%ll? 85% of the end point depth 214, and

mor e cahiedignetthmte etnlyearobe caopedoutmeinglthe Bllopung SFsiating

of the .end point depth 214. The high etch rate C
RGP e HeTHP R DI AG B Gty 10 o 70mT, o
COMHE S AR hRSS PRippRxRhASHES0[EI00W, b BokdiB I@REEe bias in

of approximately 10 to 70nml, a 5 TCP power in the ]
r arigerange efanpoociinated § te¥WW and 20 etphang ghpeampasition including Ar,

el egt rade b LR the range o roximately 0t Qw
iz Rl Se MREHEBA7 sBlrROSH N B phurd b e ool
HBropefatidg pSdmefRnbcarté dded whith provitléthe reefuaBa@ RighGsaéh rate etch of
m xture and etchi ngot ool operating paraneters can be

us dke fptueninghewiafE200he required high etch rate etch
f th i f el - -
The ot T erbfEseidl AR initoleh i S b LAKARAL ALY poin

poidetiice d6d hdccfbifd] amelitpn70 ahnd the fEstibighyrale/Gclad@t islentinued 307,
first_ high rate etch 304 is continued 307, ntil |t

i s Ugst Eindsieminge Q@Q@t the, g FrERah qeplheas ra%cglﬁi tegfirst depth 212.
re ' : . ' t

pr et 16 ki Boc SSplShideds eqol ol A nEfohitng ronch 216

t r encihdifig 6 smionth rodndeg tettemowiface. Glins exchdvantbgeous as ftdekps to avoid

Thi s advanf ageous as it hel 0.avoid.l5 the

{ ovihe PRl OL eV e et i diteh it o yidkmgeial agd so helps to
oXigBeiiBdideahii@Rd so helps to obviate device

failure. A second, slower etch is then carried out 308

whi ch hds segohdetawestetdh is Htea catvied out B@S Whickthag ddwvertch rate than
f .l i o | i be .
ol ) B T R R B RORR AR P

of sldiefor QA ST pedceks. HPeves, thetRCoBlle S@ohd efch3piib selected so that
substantially preserves the snooth and rounded profile

of it fibsteniaibiprpwrtesessnedihend ryadedprofita efdhe freprdibotige so that
th [ [1.€. : tical end point device

an ghéggﬁ{lélgﬁgd g{eﬁéltiilafsr%y@%? gzrl E‘ﬁ@% hat the cross over

dept h 2hérathe bptcal erdpbiatidevidtcandtoohirsigcitcanty desermine that the
controlled, tqo reduce the etching rate so that_the

h
t r SFRS OV ST dopEnel? as berrereaehady g ckRinedophie cariprlipda zedyce the
a r . ]
o e FR £ ARSI R EPBRIASL Ss ve
as ratee Thsuma de athietaimnnthasgieg itlescoanwbsitlvandithegetthaat gas such that

op tin araneters of the etchi t ool ,. al t hough

ot HO3" bR R0 U TPopies PP AR R PG Rpgpmeters of

et ghi BBhind 6], alihSubiPbtheMnBBio8d &N s8R HBVREThd dRfFed slow

and etching tool operating
etching rate. The following etching gas composition and etching tool operating
parameters can be used to provide an etch rate of approximately 1000-3000A/min: a
plasma pressure in the range of approximately 10 to 80mT, a TCP power in the range
of approximately 200 to 1200W, a bottom electrode bias in the range of
approximately 0 to 500W and an etchant gas composition including Ar, Cl,, HBr,

CF4, O,, SFs and He.



paranmeters can be used to provide an etch rate of
approxi mately 1000- 3000A/m n: a 30 plasma pressure in

wo b@40z0ge of approximately 10 to 80ml, a TCP pOWESs2005030117
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the range of approximtely 200 to 1200W a bottom

el ectrode bias in_the range of approximately Q to
500W andheprogresh ghthe slogves SWbéétPtchg‘HS mﬁ&twﬁﬁéow sitylypthe

HB. .. ) .
55 Lo 20930300 mng e o s

r atie etdhcdo that thetrechrweidl 13ddatithe désirad byd pbiat deptth 2 84, oefrdep etching
poi nt devi.ce 160 and control _cirgcui 170 to .
(o8 bF-nf WEViRA SOV E: S5H dopth e, Chme el pseatsrafagition
W ' Il & md2k tKRAR availabl
e e b
| anmivhigh 30 Sonted tes atétang tpobst avtostepcheieichat 1 epprofyate time so that

prqvi ded he optjcal end point. measurin vi.ce, a

ofhés bt HsePReeh 0 R AR P rabe BT of g st B the ronch
et edThipBo @0 WS 88 deforfind 3108hA tiederdllpodit HAP BEichéted, the
time So that the trench depth is correct. So the

ac cighimgyodfis pendrnlied testop eichmgd 1 élps tiensh. The ctohimganocqss then

i mpr oved. en.it is.detern.n 0 [ .
BB SNk LB S ISR PRl hevie
st g ®kieéd pofiklahdiWwich & hidhchroudiet edte,ishige ko€t didiemg has been
10 ends 314 and provides an etched trench with the

deswrried odegahigh egfchide.al so having the desired profile

and wit . hj ,

o Sy ORI oo Sl Eiponds 0 e
Et dbdired festirehiepsit Zdp exhai@hitieoelyheefomtha ntechaireddentln exdches the
depth corresponds to the g sired feature depth 214,

or depiedripaye AP, faseramBlerhBOra SUPE O AEPOR b Herradiing process.

ts 22‘%1@ Patfif §ﬂnh§&§y{eﬁ?%&ﬁ{kﬁelgg? E:NElﬁrefiPirs X AeRIE fofinﬁtgﬁﬁfegpﬁy stop

overs Ing process. The lat
enbtetinge ih thed nadeethissie dompensetei ton by evatrofogshdkighing tool to stop

Icg% o nezqoflél ?}%{de%iygtg gz?p?ﬁ fﬁhalrcﬁ.ﬁbly{r%aé:hgc? t%q]ti%%étﬁp ggﬂélf%étgally lands at
St QR dRir6icHIh BRAG (Bard BRr MBSt EMe d8dtdd depthact ual |y

reached so that the trench actually |ands at the

20 desi r ed Wikqt dsinghigle etchrates ovlg: the satdtiogs ithenddgeointteggering time,

dept h. 20 .\When,usi ng_hj etch rat t :
vapie S DR R B R R B3 e g oam be sutfien

| g phtQRe wifers GUXBIAB Gf tHehcEaptablie taupé 80reproduvibifter Iifideed variations
waf er can be sufficient to put the wafers qutside of

th ér} &@g%@né@p@onda}fg]@e mpwsg];ggémpcqa@ihei spg'_lciqrﬁ é’getgpn.ches in wafers
vard i hﬁfé%eent g{hc:p:seség‘ n6ﬁ§%er%t {?ﬁﬁ%ﬁr&@ﬁg %éi‘)?o c%@ﬁ@?lr)lo@%nces. By

time can Cl ent renc war er s

25 di fafigingiie Powerasdemtatp, tie imeattiommoubaytimpravgs the resolution and

30

reproduci bility tol erances. By, 25 addin

et dherpigreacstiaRy Vithevhial Biotand ROMG Cab R It ?}%H%eﬂ/ glgf)%ﬁﬁéimproves the

SO BRELIN R SARATGOHEAL I Aot

r epromtsciiing causgd b ligser pada@ss itf the wtohafestoot willvedt ereatesas large a

am(/a}/igtrici)naitnit Q tsrerilc% c{egﬁl ctwscz)itn;g1 Ito the slow etching rate up to the end point.
Further, a slow etch rate may not provide the desired trench profile properties.
However, using a high etch rate process, allows the desired trench profile to be
generated, which can then be usefully propagated by the slow etch, provided that the

slow etch is not carried out for a length of time sufficient to significantly alter the



process tinme caused by lags or variations in the
etching tool will not create as large a variation in

wo b@4s@ach depth owing to the sl ow etching raPer/ug200®030117
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the end point. 30 Further, a slow etch rate may not

provide the desired trench profile_properties. )
Hotwenay profilsi fysaitheicgmbaiagipn pahigh an%&@,@‘ec Z3tF gigans that a high

desj . i y T Al -0 ;
e
t hat t h&hel winget digle aamoy veaelehgt band [EBdevdacd anigethnidue, the
ti ufficient . to signjficantl Lter. the 8 WO

200aB sbiscreper BBt FbEERy b5 i Regh fa oty wgesure the
t hgﬁ&ﬁ mhhL R tb%rhté?’finé‘?ﬁér?% d %ﬁ&fepsﬁ%@?ﬁ&%%ﬁrﬁ@g tH etch).

hi manuf act uri ng ughput rate of warers with .
hi gfe brepdzad céfictamstryctachnbgiep ooatheteypticelfand positrieshaique which

si ngl e narrqw wavel engt.h band devi.ce, a

¢ eCimgtiare el Fhes Roed dhet e SR fh togpoh does not need
CORS b stanf$ nloditdrddRDNLEHHE tiehtiedétyh ?ﬁﬁééé[ Buildd®y @ward the
depth relative to a starting position (e.g. the wafer

suehdgeeprit ismeeassay 40 detagning bowmeueh. furthqr te ctshyiagahgislow rate,

fl . hni. ' '
t o Oh R o B nerth SBIAG FEPHUGN 1P B o e stow
usegth. Thene éhbBodigRhivfdhe Infentidng fieimébes cadncing@edsing the current

be constantly nonitored throughout the entire etch
pr seceswed depth ehihg treagl fogdatermingsywhen {RrfbAnga tojthe slower etch rate and

rEESTRAR RGO BRIl AR e,
t o fisdtdieH Mt dteiséandiecdardgichut i@tk sd\vperiot of titne aslepwhich the etch

etch. .In one enbodi nent of the .invention, the t hod
cakaip icdsgEraserandghe fepth e? the r‘i‘ieﬂc}h’ééé‘%ﬁs!éf&g&%ﬁ‘%%‘}r%‘%“&lﬁg at the

trepghgt pgleterm' ne when to change to the slower etch
rate an can control the etching tool to
aut omat iThamiethahiamgelimited wtthé useatfgwoAli ffenentattthvrltas, onish efor

bl e S B R B o0l bt
degnadeesr @b Jveeagrmt Fudhet AR drbRNFLr betwoiBRSHURIAH rites need not
ensure landing at the desired depth. The nmethod is

notbelinstintaons(steapehange) and candbek gradual feonsingpus) ghange in the etch

only. F X I three or nore different, et .
coutty BavrtBETR Hfe shat Podibe ABH-RaCLibh HAER ot £h LR dep
over degtRSibovaddsbigtiontHae bedsringhOv@ite o we SN ptazbisNbut the
rates need not. 20 be instantanegus (step change) and
cannysatian grud ligited do prohigetesses c Rahgremme threingeripn can also be

ra t : .
2 B K o MOV caion of
dessdmdiyicen devsesb e trendh it biehedin ebateraff silivo ahd preoliasd dielectric
but the invention is not limted tqQ such propcesses..
Formaszaatp bricaied aqyadthedop gﬁtﬁ?e &16%_%1- ohhe trsh i ﬁﬁ?‘ﬁwgéén amount
pr . i :
PR PO Ricof W HREENEAM Qe TR n? of MR dRALcllo IS op B o fovide
et chpatitive deviceyevingfa desirédcapacitadce dowbear, iriations in the trench

i s fabricated around

* halebhord AgS hEsein: o POpTERET g HARR I8 IR HIoLire collar and
therefore the capacitance. Therefore careful silicon trench depth control is an
important aspect of fabricating such devices.

What can be considered ‘high’ and ‘low’, or ‘fast” and ‘slow’, etch rates will
depend on the context of the depth of the feature being etched. If a 5% variation is
depth is an acceptable reproducibility metric, then 5% of a very deep feature is a

9



of polysilicon which overlaps an anount of the
dielectric collar so as to provide a capacitive

walewiosoob@avi ng a desired capacitance. However, PCT/US2003/030117
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variations in the trench depth would change the
amount of polysilicon overlg&plng the dielectric

cogtealer distingothan §Veeinr ety Raallodpigaiure 3ag so sHhestehed
c aEO%’[‘%%l)OI?dH%%% 15 bk | ﬁﬁﬁﬂl %E yﬂan%ﬁg ol tcl’ile\%[? {pﬁﬂ:esé (g@&‘iﬂeﬂ%ove a

aspec rc a sSuc 1 Ces
cofipiddetrenth d&pﬂfban&i&dn Heauhge affappfoairhatelBrXj000stodi0Q0A, in which

etch rates will depend on th of , t. dept h of
{ heRSpaduglt e nErTERRER IRy DT o apet steh rate

IS¢ g‘/lﬁﬂl End1BREL AT IdREY rEych B@&éésé‘es tieRERdSFALEE 180,000 to
very eature is a 9 WO 2004/
PCT3 Bairol.%ﬂenﬂlrecg rlndhie counlext hlgh@tthraws 8§46 bé 1300@&k4nin and

shal | ow f.eat ur et ch correspondi ngly
ﬁ@£@UF@ﬁ amﬁ?gﬁﬁﬂggw- ?bcess descri bed

above aTpt Ya‘i’i Al téhrlﬁfé’é: i @ be Recatd? thdte] B ANBRI@Ab]y greater

appr oxi rratel;? 26000 totthlgO(;? in \%ﬁ? ch case aﬁl% yE

et Ghnrlat:& mene m@femﬂobr matmaﬂhew 5410@AJ/@NIQ$'E prefagbhi g}h@tgr than 3.5:1,
5 000
GodpC ereBig B Eiem FRTNTR BERTRE T 45 b3uTTop S preferably

15@080uE25: 108 3. RYuhd Bidre priRfdriil$ abanBext to hi:gh etch
rates can be 10, 000A/m n and higher and | ow etch

r ates c3Ihelséors lramasert mveriipn conep usertia thastrhingof sarigps features,
gr ea(? ncgtl}h%Qfen&ig 5@%‘ Q/ﬁngﬁset% 5at1‘6E ?Poc%ss%s e?tB(’ﬁl%?ﬁ’l@R‘lV%d etch

nor e era reat
2. gepth 20atrotoat V\Qiféi‘fte mlﬁérye;g"b&tﬁhmht}t han 3. 5: 1 10 The
etch rate ratio gh: 1 ow) can be in the r
about 1 Adthouglyths. fsregoms pefeshambhgs been drickbg §ms §elipfor

Th g?lé()fog%gof;%rﬁ% pié ‘gﬁe et Es"i’:Q{dY l?c%'il b%aag %reﬁtochg:&e;tam changes and

I nv t|on C e used
et mﬁdm@caubns/may bapracieddwitlsin theasvdpaof the appendeéd nlaims Therefore,

and el)(i};-éan L1 ofsigg‘%rhsc L agces Sg{:a%t g%?gﬁestﬂctive and the
f e E’Mﬁﬂ&ﬁ Qidun& Yot bEinftdane W udidR gﬁwn%%lﬂ Bui SNEI Beldbfined by
has been described in sonme detail for purposes of

cl &hd following lalerssind tlaimiyll scopamilequiveleaispar ent t hat

certain changes and nodifications maybe practiced

within the scope of the appended clains. Therefore,

t he descri bed enbodi ments shoul d be taken as

illustrative and not restrictive, and the invention
should not be limted to the details given herein but
shoul d be defined by 20 the followi ng clainms and their

full scope of equivalents. 10 WD 2004/ 030050

PCT/ US2003/ 030117 CLAIMS Wiat is clained is:
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1. Anmethod for etching a feature having a feature
depth in a layer of a wafer, the 5 nethod conpri sing:

wet@hiosysét o a first depth of the feature at a PCT/H52003/030117

1Orre

15

20

25

30

etching rate; etching fromthe first depth to a second
depth at a second etching rate, the second etching
rate being slower than the fCEAMSt ching rate:
optically determ ning when the second depth has
reached the feature depth; 10 and stopping etching

t haviia & ¢lsignedds: The net hod of claim 1, vvherei n etching
to_a first depthl ¢l udes form.ng deS|r profi

flt he Aeaethed forstchmga fRafusp Bawne & feqtyfe slep %@é@sﬁr ofa wafer, the
first depth to the second 15 depth
t ant |Ogﬁ%fh%gt ains the desired profile of the
f eat ur e etchingTihe firettdepth affthefeafune 4t,a fmseetehing rdte; fi r st

etch dep is.in th e of a i mat el

per cent © ngﬁﬁﬁé&@gbw SCSOIP‘fF‘ﬁ'Fé’th%tt g‘&f‘?‘@i‘lﬁg ﬁ*ﬁe the
1, s%ﬁﬂ%tdﬁlﬂgt}‘ﬁteflﬁﬂ{gudi@wéﬁhﬁl the %’@ﬁ@tchﬁl r-gfée net hod of
claiml, wherein the aerlsacrﬁ/ l'ine silicon

| ayer. 2pticallyTetermintingwher thelsa¢and epthH@s e¢aghediihe feature depth;
etch%ng depth is optically determ ned throughout the
d. 8. The nethod of claim?7, further conprising

opti cal kyy gﬁl%%{dmligﬂﬁ'fme the, first dept h has been
reached. 8 he nethod of claim1, wherein the etching

rafe i s Thnamajeas ofyelaimaln gihstein plehingdo a g dlspihi iaeludgs fapming a
et hant fhod of claim1, wherein the |ayer
% é}{é tpr%@l\e/:g-fg}% associ ated etch stop indicator. 11.

Th 6 rret e nfthaad & dIﬂnlL 2 Wlﬁf@lh tching flomy eéte fitoiadeptioio thaveeond
an etch stop. |ayer. he net hod of claim1,

mé@@hﬁu‘?%@t@ﬂw@@ms &}@tdéﬁlﬁ?%@fpﬁlﬁpft%e feati$-ed out using
30 4an o?ﬁj'e\%ﬁéttrlcgdﬂﬁ teﬁhlnlt v&h%géllﬁlﬂfe%n st é’c&ld%mqﬁttﬁptqngé of

cl al m 1 e opti poi nt “t echni que
s elapprorinatély Ghto BE pgreentpidieanferiuss depth.nt er f er onetric

en (o] by oadhand refl ecto sed end
opnr " T festgot 050V SEsH R BB UIUs8 RERh 14 The
metghod afhe Ghihdl ds cIher, SiRrdif e By R 9a by sidfille sAfcof layer.

process sel'ected from ’'the group conprising recess and
shdl | owTheamthod sfadlait hrwherein the etching depth is optically determined

throughout the method.

8. The method of claim 7, further comprising optically determining when the ,
first depth has been reached.

9. The method of claim 1, wherein the etching rate is changed by changing the
composition of an etchant.

10.  The method of claim 1, wherein the layer does not have an associated etch
stop indicator.

11.  The method of claim 1, wherein the layer does not have an etch stop layer.
12.  The method of claim 1, wherein the optical determination is carried out using
an optical end point technique.

13.  The method of claim 12, wherein the optical end point technique is selected
from the group comprising interferometric end point and broadband reflectometry

based end point.

11



15. The nmethod of claim1l, wherein an absolute feature
depth is optically determned. 5 16. A nethod for

wet@hiosys@ trench having an end point in a silPCDNS2003/030117
| ayer of a wafer, conprising: etching at a first etch
rate; etching at a second etcglera | ess than th

firdt eflhgmeihedof tnu ey b avhepeiy aPsinog Kgast ofrirasss etlegied from
h
dopt o8 SortiHhERREG sl A SRy ARIGLC NN

16,15wherThe methahofivgpint 1, aviferais bn ebsobute &taeur depth ioptically

desjred. trench proflle 18. The nethod of claim 17,
wh&eerRistlchi ng at the second etch substantially

5 retgi ns A Rudashf &chiRl & ﬂeﬁéwﬁdvhg,g an]éldlp%mt-m 8 slRbROHePbra

claim 16, conprising optically determning when to
chM@,tcbmpnsemg:h rate. 20. Apparatus for etching a

feature depth in a layer of a wafer,

t he Eﬁ%‘éﬂg\@ ?f‘l‘pq?ths’i f?g an etching tool including a
chuck fQ:Ech'Mﬁ diaRgcdndtomedaty less3harpihe FRétictad raRd  poi nt
devi ce adjacent the etching tool and positi oned to

measur e optiealbtdetermiging a gprrenietahedepth end 0 be et ched;

and an e ron| r h the
10 opti cal %% etc}ﬁn E“'cgo\r/]t ?‘ctgtlhe it 1&& eg’wm ?l{lé n&f’v&ﬁt'
conf7i gurped nﬁahdd?@ifttﬂﬁni 16; vetefdin étﬁhﬁg@i a i ehahterfornioDdesired

at a first. etch depth less than the feature depth and
st dpnemarogidehi ng t ool from etching such that 25 the

et Gy depifi f QRGNS 14iReL ’/f, Sttt et@ﬁﬁ% Rt thb%econd etch substantially

retains the desired etch profile.
15 19.  The method of claim 16, comprising optically determining when to change the
etch rate.
20.  Apparatus for etching a feature having a feature depth in a layer of a wafer, the
apparatus comprising:
an etching tool including a chuck for holding the wafer;
20 an optical end point device adjacent the etching tool and positioned to measure
an etch depth of the feature to be etched; and
an electronic controller in communication with the optical end point device
and etching tool and configured to reduce the etch rate of the etching tool at a first
etch depth less than the feature depth and stop the etching tool from etching such that
25 the etch depth reaches the feature depth.
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