WD 2004/ 030050 PCT/ US2003/ 030117 APPARATUS AND METHOD FOR CONTROLLI NG ETCH
DEPTH FIELD OF THE | NVENTI.ON The present invention relates generally to
appar at us @gSesFkhrgs for étching 5 features as part of sem conductor

devi ce fabrication processes, and nore particularly to BRTES200348q1y7
controll ed nmethod and apparatus allow ng accurate control of the depth of
a feature being . W T I r e a nunber
of conpeting préggg?ﬂg%?ﬁé\ R%&%&@ERMETE@W It is
i nportant that devices are fabricated accurately so as to either avoid
device failure or to reduce the nunber of devices on a wafer that fail. It

is also inportant that devices HRELDONUHEINVENUIGWeci fications to ensure
that the devices ,@Perate correctly even if they do not fail. There is al so
I

a requirement of -1SISRERBHEIEHIY elptes genarally inappatatus ang metbads dor etefing

di ff er ent 5 waf @4ifrea! nYBoN |+ § £ |,QNS £,

accept abl e | evel egfab Fée%rsgsaeuci bi Iliﬁ%alé‘}slé?%ﬁ)?gﬁ&@%%Sg%h%%déﬁgﬁaér?aﬁcgﬂge a
per cei ved repe@depiigallyicoptrolteduneihod dedimpamts afowiny hemsate t@mito] bEHRATHOY t

t hat manuf act aifq%uxs ecifichations can always be net and are not being net
nerely as a (3 FOSI G % There is also the conpeting pressure of

t hr oughput which requires sem conductor device manufacturing tools to

operate quickly in order to provide a required throughput of devices.
However, speed of fabricati GPACKGROUNDOF THE BNVEYEIOM t he

reproducipility alﬁe?ec%g%%%bgéo ‘govi o] ég{%&%&ati Q Qﬁ%éﬁrﬁo& step in the

fabrication of sem conductor into a | ayer

of a wafer. Tamicdapadiordevides fteaimpdtasthatcicvives B BbGdidd &@ﬁrafﬁ&@%s fon the
carrect operatjon or. failure of the device or otherw se a key nuf act uri ng

. speci fi cat i orf*thesfvoKAaTiasi failre pr fhiedrceshoprmbernfaleviceson o wafn dhat dait. Hat
features wt : ad o.provide an et.ch . stop

| ayer in thehé\‘/va e]rm%rl o?&t%%&%?%éfgﬁl%ﬁm%%ﬁT e %Féescﬁcggo%sf °§Hs‘gFitf‘?t§qeop | ayer
pr O\r/]i des aI waljtvimsbqpemtendn_redﬂg evenifithey cidrﬁ:lmf:iiﬂi 'Ilﬂered Ef&lﬁda flgapaehetttdn the
etch stop | ayer t..requires a mre conplicated wafer structure to start
with andpsl s %%P%M&égﬁbﬁéf?%%%ﬁ?@gm differephwatsiealbmesices an

manufacturing specifications. Even if an acceptable level of reproducibility is in fact

met, there can also be a perceived reproducibility in which designers of devices
require comfort that manufacturing specifications can always be met and are not being
met merely as a matier of luck.

20 ' There is also the competing pressure of throughput which requires
semiconductor device manufacturing tools to operate quickly in order to provide a
required throughput of devices. However, speed of fabrication tends to militate
against the reproducibility and accuracy of device fabrication, |

A common step in the fabrication of semiconductor devices is etching a

25  feature into a layer of a wafer. The depth of the 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 efched is to provide an etch stop layer in the wafer prior to etching.
30  The presence of an etch stop layer provides a way to prevent the feature from being -
efched 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
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manner and so there tends to be a significant variation in the actual depth etched. The
lack of control of etch depth and lack of reproducibility can lead to device failure or to
20  failure to meet manufacturing specifications or to wafer-to-wafer variations that do
not meet device designers requirements.
There is therefore a need for a simple, reproducible method for accurately

controlling etch depth while still providing sufficient processing throughput.

25 SUMMARY OF THE INVENTION
A method for etching a feature to a desired depth in a wafer is disclosed. The
method includes etching the feature at a first etching rate. The feature is then etched
at a second 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
30  depth. Using two different efching rates provides high throughput with good depth
conirol. Using a second eiching 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
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30 depth. Using two different etching rates provides high throughput with
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tool, so thatthelkthidepthuim édlectrobt @InE6RE: mmcawam%gm QE'OEF
DESCRI PTI ON THE ngeg The invention, together wth furthe aévant ages

t hereof , may 454 the glehapg tosd o The conolleremgrolsdhe twel foolethowd the etthsatei pt i on
taken in conjmr' ' ' drawi ngs. i n. whi.ch, Figure 1
is a schematic cr%@@rdg c[élt on%m%?%a\?v&%gﬂgfogﬁéﬁgm%%ﬂéﬁ%S%%h’&&ﬁﬂ“‘ieds an

aspect ofl0t hesttheddmtlieslesirgd dppite 2 is a schematic cross sectional view of a

waf er having a trench etched in it according and illustrating the etching
nmet hod of the invention; 20 Figure 3 shows a flow chart illustrating the

etichi ng met hod of the inventBRmFM@'g- BED L C Cross
'séctional view of another enbodiment o e%t?:ﬁi(?\% appﬁé'ggf@é%ccordi ng to an
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like conponeqﬁlﬁe%gd %Jy%]fﬂgpe%lge to the following description taken in conjunction with the

' 15 accompanying drawings in which:

Figure 1 is a schematic cross sectional view of eiching apparatus according to
an aspect of the invention;
Figure 2 is a schematic cross sectional view of a wafer having a trench etched
in it according and illustrating the etching method of the invention;
20 Figure 3 shows a flow chart illustrating the etching method of the invention;
and
Figure 4 is a schematic cross sectional view of another embodiment of etching
apparatus according to an aspect of the invention.
In the Figures, like reference numerals refer to like components and elements
25
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
30 plasma processing tool 101. The plasma processing tool 101 is an inductively
coupled plasma etching tool and includes a plasma reactor 102 having a plaéma
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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A gas supply mechanism or gas source 110 includes a source or sources of

etchant gas or gases 116 attached via a gas manifold 117 to supply the proper
chemistry required for the etching process to the interior of the plasma chamber 104.

A gas exhaust mechanism 118 includes a pressure control valve 119 and exhaust

20  pump 120 and removes particles from within the plasma chamber 104 and maintains a

particular pressure within plasma chamber 104.

A temperature controller 180 controls the temperature of heaters 182 _provided

within the chuck 108 by controlling a heater power supply 184. o

In general terms, in plasma chamber 104, substrate efching is achieved by

25  exposing substrate 106 to inonized gas compounds (plasma) under vacuum. The
etching process starts when the gases are conveyed into plasma chamber 104. RF
power delivered 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

30  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.
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bel ow. In one enbqdi t of the invention, the end point device 160 is
provided as an i nt&§f sysiem 190 alsodneindesplectoniscontrphejravitanbd) in104 or
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circuitry 170 in 15 comunication Wt e end poi and the
et chi ng t ool elegtronigirentrol circuitry includes electrical and optical devices to process the

optical signals from the end point device to provide electrical signals indicating the
current depth of an etched feature and also electrical signals to control the operation
of the etching tool. The electronic control circuitry 170 can be in the form of a

20  suitably programmed general purpose digital computer. The electronic control

circuitry 170 constantly monitors the relative change in depth of a feature being

etched in the wafer and can control the etching operation of the etching tool according
to the etching method described below.
In another embodiment of the invention, a broadband (spectral range
25  approximately 190-1000nm) reflectometry based technique and device are used to
optically determine the end point of an etch process, instead of the single narrow
wavelength band technique and device referred to above. The broadband measuring
device and technique can provide an absolute measure of feature depths. The
technique involves using a deterministic approach to parametrically estimate feature
30 depths by matching modeled and measured broadband specira 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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190-1000nm s k& &%rtﬂaﬁ@t?&d‘l@&re 3 shows a flow chart 300 illustrating the etching method. An

embodiment of the method will be described with reference to etching a french in a

20 silicon substrate layer of a wafer as part of a shallow trench isolation (STD) process.

Figure 2 shows the wafer 200 after the etching process has been carried out.
The wafer includes a crystalline silicon substrate layer 202, a pad oxide layer 204 and

a silicon nitride hard mask layer 206 which has previously been patterned to define

the location of the trench feature 210 to be etched.

25 At the start of the method 302 a first high etch rate etch of the trench is carried
out 304. A high etch rate can be considered to be an etch rate greater than
approximately 4000A/min. An etch rate of approximately 5000 to 8000 A/min can be
used for the first fast etch 304. The depth of the feature being etched is monitored
306 to determine whether the feature has reached a first depth 212 a substantial way

30 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
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When the optical end point device and control circuitry determine that the
cross.over depth 212 has been:-reached, the etching tools.controlled to reduce the
- etching rate so that the trench is etched to the desired end point depth 214 at a slower
25 rate. This can be achieved by changing the composition of the etchant gas such that
HBr is used as the source of efchant species and changing the operating parameters of
the etching tool, although other methods.can be used-to provide the desired slow

20

etching rate. The following etching gas composition and etching tool operating-
parameters can be used to provide an eich rate of approximately 1000-3000A/min; a

30 plasma pressure in the range of appreximately 10 to 80mT, a TCP power in the range
of approximately 200 to 1200W, a bottem electrode bias in the range of
approximately 0 to 500W and an etchant gas composition including Ar, Cl,, HBr,
CF4, Oy, SFs and He.



5 TCP power in the range of approximtely 500 to ; 1400W a bottom el ectrode
bias in d the range of approximately 0 to 800Wand an etchant gas

conposition including Ar, Cl12 HBr, F4, 02, SF6 and Heg@'}ﬁ‘gséﬁdi‘éﬁmlﬁ et chant .
I'C

gas mi xtWP20MEO®0Chi ng t ool operating parameters can
provides the required high etch rate etch of the feature in the wafer 200.

The progress of tim%rpg\ggﬁcag@é}*tﬁﬁ@&ﬁ%&ﬂ% Stich t RYnitdRed 9T inCeddu WBrHpoi nt

devi ce 160 and co rrcurt. and the first high rate etch 304
cont i nued 3Qpticalwntlipoiritidevise 160 andiomird] GoGHIrN ATO tordetarminehetbedAsPP. dept h

has reached the first depth 212 he _hi gh. efch rat.e S V] a
good profil dhe etchﬁeﬂ%th%#ﬁnﬁﬁwﬂéﬂﬂgﬂé#&fﬂ’%%ﬁq%%&eﬁg‘?@%sﬁ%%ﬁﬁ E:lrt%gﬁgded
bott om sur f agq. ' '(?]ut?a%‘f%%ﬁ&y&epﬁldnﬁ' 08 Sndals &P ptbated resolutiohhe

formation of 'voids e trench is filled with an oxide materiais and so
hel ps t05 olhdeqrovdediy haioptical end paint seenaingsicvige pndmore imedhaylablear i ed

ess than apBORFh R RPosBeCtHE oar Do SR G AT Sl Bielabf dif O

process. HOVEF%ncﬁ i At @rebt. [90ahs 8ecRRbyaIf pleasirepeitofins datiedf the tehelt 20
It substantially preserves the snooth and rounded | e of .the.trench

. profj
bott om so tﬁaﬁmptdvechhﬂnétbdetGr@Mﬂ%QMﬂ@e@é@ﬁ&&%*’??ﬂ‘?%p.he B& t he

optical end i.nt . device. and, co Gl Gl t LBty Cross
over depth 2@%5%‘”@&%’@8@%@0@% %éhléégz?ln'tﬁger%ggﬁ ?é@%%ﬁ]ﬁ? I Iceégpéﬁgn reduce
the et ghi NOed@1384 9Ad pRAVidds A etched ebndtewith heatbsiral ddpth Abbindalsehavinmi nt
depth 214 at a slower 25 rate. This can be achieve g&%n L, thg)
conposi ti on &P desicednrefilerand yeth ahigh traughpuf pgte.ag ﬂ%?g‘k‘gﬁﬁ (FEehing: fas bogh
et chant specie n hangi operating paraneters of the etching tool,
. al t hough ot h‘éafﬁﬁi?ﬁtoag%%lc%n& e&t%ed to provide the desired slow etching
rate. The fol | owi Bghetecduin'te sppped Bitheitiier inden dredneasotadrigpthosrresgrnda iq g

paraneters can_be used to_provide an _etch rate of approxi |
1000- 3000A/ niesired fepgurgidgathes 1 @W@“ﬂﬂyﬁﬁgﬁghﬁ@eﬁﬁqgﬁ‘gé?@%%ﬁ%é|ﬂil/e 10 to
80nT, a1 FCP ROV sl REnh2 RS xatfledPR: ES ! oeABBof n dieQRiingproist om
el ectrode biasS in the rahgé of approxi mately O to 500Wand an etchant gas
conposi ti on Thelatigi agbédimentiad, beliBed wheeat 150®f pesibleiednsiantaneously stop
etching. In that case, this is compensated for by controlling the etching tool to stop
etching before the desired depth is actually reached so that the trench actually lands at
the desired depth rather than overshooting the desired depth.
20 When using high etch rates only, the variations in end point triggering time,
plasma ignition, RF ramping and match tuning from wafer to wafer can be sufficient
to put the wafers outside of the acceptable range of reproducibility. Indeed variations

in less than 1 second of the processing time can be sufficient for trenches in wafers i

from different processes not to meet manufacturing reproducibility tolerances. By

25  adding the slower etch rate step, the invention not only improves the resolution and
therefore accuracy with which the end point can be determined, but also improves the
reproducibility of the process from wafer to wafer as any variations in the total
process time caused by lags or variations in the etching tool will not create as large a
variation in the trench depth owing to the slow etching rate up to the end point.

30  Purther, 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 fo significantly alter the

)



WD 2004/ 030050 PCT/ US2003/ 030117 The pfogress of the slower etch rate etch
I's nonitored 310 in situ by the optical end point device 160 and control
circuitry £Qad. ferm ne whether to stop the etch so that the trench
will Iandvg(tm?‘%@s@)géi red end point depth 214, or keep et RRFH§00H43p117
Carrying out a slower trench depth | anding 308 neans that greater

resolution 5 edicibioRled Al thelbimblifiBR b high aRR b ALl BASHE i)0a figY] ce and

more time is available in which to cont e etching” SO asto stop.
the etch at amaapfcewingshroughputrasoof Wafkrs wilehigh eeprbdiwbitility das beeswddéd. So

the accuracy of measurenment of .the depth of fhe h. is inproved. \Wen
it is determined 3%‘%{ngt%én%ﬁﬂarﬁ%wﬁ‘?vﬁﬁggt%-géﬂi‘i@;g%ﬁmﬂﬁgc%ﬂﬂ"@hﬁhﬁg t ool
is control | eddesth 9F e ten6listHorbeed Shstah@ thisTB SR Y , %ﬁﬁe en 10
ends 314 and__pff%i_‘deg an etsched trench vm'ﬁjtah thse de&gggﬂg’g%{’ﬁe 14 %Ed al so
having tRe désith&latpredpiaistartingposition (g.en thgtwafer sungbpptiontatsiartingstht bighhul k of
t he etchi-ng h ec ald.l ut. at .a hij etch rate. Etching cap.be
stopped 313 orihacadnend Hlcofhaiionidhe bibiad blctiGhf por Fehitug Slicke
feat ure dept hcatildheasure sbisbiatetpthvedlives; Raked, theniBe IBAR Ui 8¢ 104 BodsSRR HESE t he
15 desired feature depth, for exanple if there is sonme "overshoot' In the

et chi ng pr ocefPe copstanilymogitored thranghowt thesrtitsetehspracesh.drug only towarddthe

possible to i FHeA RGO , Ghi at .Nig

conpensat ed fgjfgti’b "cgﬁtg #ﬁ#ﬁ%%%ﬁ%ﬁ%%n@%%ﬁﬂﬁ%& g‘{a%gh u%‘?%ﬁ:}erfzovgé?t&r e the
desired d@pt hot addstanally,ty detezmine dvimn tb biap thehBstiotdingid chahgadvey td BdRvat  the
desired depth I tﬂ*er t hgn overshqot.i ne%tﬁt he desired depth, 20 When using

hi gh etch rat 8ot §P° erpodiurnt of fsiavention fhe psihind cepinrdede yiathasurren| asmma

dgnition. R kAR oIRE flndil dakohirR WA Ehddle W RIIGAN oA At diaC! ent
to put the wafers outSide of the acceptabl e range reproduci brimty.
| ndeed var i at ¢asrpentrphiht etshingttoo] td ageoaticallyf chishge fhe etohaaten glteimrivelnitee

sufficient fo ches. in fers, ,fr dif f erent pcesses not to neet

manuf act uri ngﬁrrsé%lﬁga%} ie%hlcﬂm@efwgﬁggy‘ periodyy; trpe et véiehhe eftch rate

step, thes5i nveedisdscrefied @id thel EPHBMABe kBRhIEHRhHIOR Alde zéﬂa‘ﬁ{gieitﬁé .
npr oves e

accuracy with which the end point can be determned, but also
repr oduci bi | iileyﬂrﬁﬁid?% process fromwafer to wafer as any variations in the

t ot al rocess ti . -3 variakjions...n the. etchi ool will
not cregte as Iarggh %ﬁ&\f}ﬁ?#ﬁﬁt%ﬁrﬁﬁaﬁ{) ﬁ}eeq{sﬁﬁ@ﬁ) @'@%ﬁ’#S@Pﬁ@tei %ﬂ?h %] ow
etching rate exantpde; three endomalifftrenSéiciiitdsitotild b wk@WilBladbredichdifRy not

provi de the desired_trench profile properties.
number of cross over depths. Further, the cross over between etching rates need not

20  be instantaneous (step change) and can be a gradual (continuous) change in the etch
rate, so that the etch rate change occurs over la region rather than at a specific depth.
The above description has been in the context of an STI process, but the
invention is not limited to such processes. For example, the invention can also be
used in recess processes. A recess process is typically used in the fabrication of
25  memory cell devices. A trench is eiched in a layer of silicon and a collar of dielectric
material is fabricated around the top of the trench. The trench is filled with an amount
of polysilicon which overlaps an amount of the dielectric collar so as to provide a
capacitive device having a desired capacitance. However, variations in the trench
depth would change the amount of polysilicon overlapping the dielectric collar and
30 therefore the capacitance. Therefore careful silicon french 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 acceptablé reproducibility metric, then 5% of a very deep feature is a
9



However, using a high etch rate process, allows the desired trench profil e’
to be generated, which can then be usefully propagated by the slow etch,
provi ded_t hat the slowetch is not carried out for a ofdoshiie
suffici eWOBYSONi ficantly alter the 8 WO 20041030050&%%32003/ 030117
trench profile. Also the conmbination of high and | ow etch rate neans that a
high manuf A RMOPR W 2 hakashafiowatfire, id 90 dah B etapdoduci bi ity can
be provi dedag%%#en us G'r%g a Si ngfle narrow wavel engt h band | EP g i/‘i ce and

t echni que, tdmgsﬁmmdglmotdmuMy:nEmmmniﬁmﬂmg PIofess 4atqriped SD0YGH <

techni que can only epth rel ve Pt {003 RPhichon
(e.g. the vvaFWE‘PaJé{ﬁnP "% F’t"oth f%gF E I%h - 1%@‘)06%?5

a4 br dadband
reflectonmetr % ﬁ%ﬂe@cﬁﬁﬁeﬁfaﬂ%@ Bﬁﬁm@ﬂdtﬂ?MQ@Oﬁ/ﬂnﬁIaM highehmidja fowhichate can
val ues

measur e abso I's used, then the dep f th tr h_ does
not needs tOcaJnéaed@ﬂ@Abnnnla;adﬂmmrt &pééee@m@ﬁbﬁmﬂ%ﬁ%g%% qu]seq ngrbgé%ss

but only to nd wh i HEA /8 And ur t her
to etchyu5| \Q@goed‘?@t}% C RIS 16115;3?15&;0313%8%% {cﬁr&@%%{n{jﬂe{‘gm ne when to stop

_.

w:

the fast etc Wﬂ&h@!@écé@dﬂmm&/mmwwerl n one errbodl msnt of the
i nvention, hod can include _usij n curreg} ?Zsur %E gf t he
trench to determﬁbemhe@fﬁb‘héﬁéﬁ@%gh@ I‘Fé“ P SVRaer diapt-3- 1 RECIaPlY SIS ot 1 o

the etching ool 40 AUt ABLELRIdYeENRAAEE sLNGUh6H pideablyArbatrmb Soty, the

first highr or a fixed period of time after
whi ch the et ¢he dibh Faté ati ampembaandha taegelGpmhebofit 1.64 torkhid hpieRratlysur ed

to ensure | andi at the h ot limted to the
use of two dﬁﬂﬁe&%@mzéﬂéﬁ:”rsal %&GEW{YM%@P‘%Q ‘e or nore different
etch rates could ‘%ﬁergfo?ggiféﬂlp&&eﬁtﬁ%ﬁu%ﬁ&@ﬂ%&gedﬂun@@cémﬁéowmmmedﬁpt hs,

Further, the cross over ween etching rates need not 20 he instantaneous -
(step c hange)m(amst jastrehehes, ayxddn watioysdabridation m@cemwoﬂﬁleﬂw@“é‘f"‘éﬁ at e,
so that the etch rate c ai?e OCCUrsS Qv ﬁ,egl on rather than at a specific

depth. The geriheonteadapd srate o FRLer fEup lfcﬁblp & context of an STl process,

but the jisnvention sy oﬂg&tﬂelfaﬂegﬁﬂ v eRShhay s deesibed b1 somadgthid fort he
i nventi on can al so used 1N récess processes. A recess rocess ., s

typically US@drpoaestdfeldrabofmaiermdm&WHé?ﬁﬂP? Hhatd?\‘?'iag’e 1anges i s
etched in a |l aye sili on a Y r fove,
fabri cat ed aﬂ%lhé“aﬁﬂ’és%ﬁ Spratcﬁ eqﬁwgi%%hltﬁsﬁgé tg%‘glr% cmgg v'I\;B!tsrﬁ an

amount the described embodiments should be taken as illustrative and not restrictive, and the
invention should not be limited to the details given herein but should be defined by

20 the following claims and their full scope of equivalents.
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of polysilicon which overlaps an anount of the dielectric collar so as to
provide a capacitive device having a desired capacitance. However,
variations ench in the tr depth would changa the anmount ofpof y silicon
overl apping the dielectric collar and__30 therefore the capacitance.
Therefore careful silicon trench dept FLAMS ol is an i nportant aspect of
fabricating such devices. Wat can be considered " high' and "low, or
“fast' and " slhowktho@t@Richiigesfeatnd haviepe fAnRe deMR it Myexsf Hlvatehahs@pihadof

t he featcur 9nlgeni ng etched. If a 5% variation is depth is an acceptable
reprodumog'ﬂll ‘metric, then 5% of a very deep feature is a 9 WO
20041030050 PCT/ US2003/030117_  greater distance than 5% of a very shall ow
feature, and Sinie plrskdaptieef the Seatws sbafirs §ichingdps: qui ckly. For exanple in
the STI process described above a typical trench depth can be in the range
of appr oxi natathin@{roMmahe firss d€GH A9 a secomthidepth ataseond bichingetiehthe atm@nd atthbe

appr oxi Nat-8la¥h APROA N2 | nd a low etch rate 5 can be 3000A/ m n
and | ower. Eofg deep trencﬁg%r%g%e srg%’trench dept hs of 100,000 to 150, 000A

can be required. In,this .context, high etch rate n be 10, 0Q0A/ m n and
gher and | SRR RE RS e o GRRA dTer AR RHE JSRRAOGT et ch
rates (high:low) can be greater than 1.3:1, preferably greater than 1.5:1,
nore pr ef er atftgppiecieiing thedeptprecwherghndtbaweer py @ ervpialing silicontveater; where the 1,
10 The egtgbirelidbRhéPintPthé REGRIIRWICANWAEr. i N the range fromabout 1.5:1 to
2.5:1, preferably fromabout 2.5:1 to 3.5:1 and nore preferably about
3.5:1 to 10:1. Therefore the present invention can be used in the etching
of various f ' P ' . f ' '

Pt ocesses to oF dusied oftllalE liah ol Y S SirecHRi BN AL PRI FAL bRl

r epr oduci blflﬂilﬁt@?tulﬂs Al t hough the foregoing invention has been described in
sone detail for purposes of clarity of understanding, it wll be apparent
that certain changes and nodifications may be practiced within the scope
of the &ppendéde nodthodwet clailne?, efleren ctching fean dre firetdepiibtadhesedond daghl d be

t aken as, i Js : trd.ct and the invention should not be
R eq b %hgg‘%tg‘?ﬁi?ts@gr@\%‘g%%réﬁgﬁ‘Emft%%fe\‘l‘g‘ﬁ%m d be defined by 20 the
following clains and their fill scope of equival ents.

4. The method of claims 1-3, wherein the first etch depth is in the range of approximately
65 to 85 percent of the feature depth.

5. The method of claims 1-4, wherein the feature is a trench.
6. _The method of claims 1-5, wherein the method is part of a process for shallow trench
isolation.

7. The method of claims 1-6, wherein the etching depth is optically determined throughout
the method.

8. The method of claims 1-7, further comprising optically determining when the first depth
has been reached.

9. The methoed of ¢laims 1-8, wherein the etching rate is changed by changing the
composition of an etchant.

11



10 CLAIM5 1. A nethod for etching a feature having a feature depth in a

| ayer of a wafer, the method conprising: etching to a first depth of the
feature at a first etching rate; etching fromthe first depth to a second
depth at a second etching rate, the second etching rate being slower than
the first etching rate; optically determ ning when the second depth has
reached tthe fEadmethodeptiimany, whirephdRyet ddes Rgt hihe shesdodiztd sdtedtep n t he
waf er ishﬁkﬁﬁ%stalline silicon wafer, wherein the feature is etched into

t he crys%a} le silicon wafer. 2. The nethod of claim1, wherein etching to
a first depth includes formng a desired profile of the feature. 3. The
nmet hod of claim 2, wherein etching fromthe first depth to the second depth

subst ant il | yThehehos of HginteEi10.86hd¢if ihd I8y&Tdokt foff 1Rk WA Stch4iop IerTet hod of
clainms 1-3, wherein the first etch depth 1s in the range of approximately
65 to 85 percent of the feature depth. 5. The nmethod of clains 1-4, wherein
the feature is a trench. 6. The nethod of clainms 1-5, wherein the nethod is

part of E-protesyethed ofelaimolyl {.ruhrsein theseritigal daternynatipnds egstipbeutosing @i ns

1-6, mhagﬁkﬂhﬁﬁqmgﬁ@ﬂ%ﬂgwgﬁpth is optically determ ned throughout the
met hod. 8. The nmethod of clainms 1-7, further conprising optically

determ ning when the first depth has been reached. 9. The nethod of cl ains
1-8, wherein the etching rate is changed by changing the conposition of an
et chant .1311 1the mgthodref ¢lain &2, wheasinghelopticaldndmeint tedhaiqua jeselagtpdSramthehave

an ass ch-raﬁfébrﬁﬁrﬁh%ihfh?fer&ﬁgﬁe %ﬁtgf)oinél-&d HkB&IUAR ?ﬁfl_f%cﬁ;méhl |08 didRintWher ei n

4
the | ayer does not have an etch op layer. 12. e nethod of clains 1-11,
wherein the optical determnation is carried out using an optical end

poi nt techni que.
14.  The method of claims 1-13, wherein the method is part of a recess.

15.  The method of claims 1-14, wherein an absolute feature depth is optically determined.

16. A method for etching a trench having an end point in a silicon layer of a wafer,

comprising:
etching at a first etch rate into the crystalline silicon wafer;

etching at a second etch rate less than the first etch rate into the crystalline silicon wafer
after etching at the first etch rate;

optically determining a current etch depth; and

stopping etching so that the trench depth reaches the end point.

17.  The method of claim 16, wherein etching at a first etch rate forms a desired trench profile.

18,  The method of claim 17, wherein etching at the second etch substantially retains the
desired etch profile.

19.  The method of claims 16-18, comprising optically determining when to change the etch
rate. '

12



13. The nmethod of claim 12, wherein the optical end point technique is
selected fromthe group conprising interferonetric end point and broadband
reflectometry based end point. 14. The nethod of clains 1-13, wherein the
method is part of a recess. 15. The nethod of clains 1-14, wherein an

absol ute feature depth is optically determned. 16. A nmethod for etching a
trench hali ngAgparaig f@etohing dfeatusd intccHOrvs@NRE siifcon waliréiaving @dBPuiesdepd into

et chi ng st .etch rate into th rystalline silicon wafer; etching at
a secondtﬁgef:%ﬁ{aglé ! ceoélsweff%an etaﬁéar?%uﬁg?l%gﬁglﬁgtr ate into the crystalline
silicon wafer after etching.at the first efch rate; optically g%ierm' ni ng
a current etcaﬁlqi%lﬁtla,w%ﬁq rhvalling sifipep %%H}&aq {erdiwldingitdsiwafeeaches
the end point. 17. The method of claim 16, wherein etching at a first etch
rate forns a ategiticadendrpwingdeycofdjaeent the@tchiigtonkardqesitioned toi measwre aveelei n

et chi ng abt fehs dietchasidbsigntial ly retains the desired etch profile.
19. The th(golﬁ os&@]aai ne 1C6- 18, conprising optically determi ning when to

h the etch te. 12 20.. tus for hi feature. int .
Crystal | ne dnsissRriseafo sRa pistio Sradit st o o eviecad e
si | i con twelfand, configura pareducesthe etwh rate iofithe edchimg whl atq firsiodtc deptieteshibag the

Cal L i L i ) , _ :
end poi rFAgseptF Al AABHER SR GG R Rl b B ihircachlls ARG
etch defsphof the feature to be etched; and an electronic controller in

comuni cation 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 stopping the etching tool from
etching when the etch depth reaches the feature depth. 13
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