2246101 DRY ETCHI NG METHOD AND METHOD FOR PREVENTI ON*OF LOW* TE1VI9ERAT1JRE'
POSTETCH DEPOSI T This invention relates to dry etching of seniconductor
substrate wafers. Int egrat ed circuits are fornmed on sem conductor silicon
substrate wafers by a series.of layering, patterning and dopi rpsteRso\
Patterning typically involves photolit hogr aphy where a | ayer of photoresist-
I's applied and then selectlvely rennved i'n a masking step. This exposes

t hose areasD?h R q ' 0 RES]

et chedyaway. ST : '

et chi ng met hod. Trbp i@Wo%%mgrpg?mmﬁtmsfﬁe term "dry
etching” is a coll n beam
etching, reactive ion etching (RIE), magnetically enhanced ion etching
(ME), electrocyclotron resonance etching (ECR), and magnetically confined
gycl otron T esomfcmieiticirdiMeSito diy ¢ hﬁgwsbhﬁboﬁ&ﬁel@rwwﬁfa@é wafers.
tenperature during a dry etch a) I ncfeases Tesist selectively; b) increases
selectively to the other films; and c). enhances sidewal| passivation

t her eby pr eventlntggxated sirguitsiarg fosmed: on aqmmn@@ms:h@maubmwafers
etching. "Selectively" is a termwhich defines the renoval of the

mator i 31 Pht FEtEs, GF tajerihe, gRnefhid ahdCARBUTE Stis. |, Pfeile pically

involves photolithography where a layer of photoresist is applied and then

selectively removed in a masking step. This exposes those areas in the upper
layer of the wafer which are to be removed or etched away.

Etching is done either using a wet chemical etch or a dry etching
method. This disclosure concerns dry etching methods. The term "dry
etching” is a collective definition for any of plasma etching, ion beam etching,
reactive ion etching (RIE), magnetically enhanced ion etching (MIE),
electrocyclotron resonance etchmg (ECR), and magnetically confined
éyclotron resonance etching .(MCR).

It is known that reducing wafer temperature during a dry etch a)
increases resist selectively; b) increases selectively to the other films; and c)
enhances sidewall passivation thereby preventing photoresist undercutting and
promoting anisotropic etehjng. "Séléctively" is a term which defines the
removal of the underlying niaterial or film. The better the selectivity for a
given material, the less that materiel .will be etched under given etch

conditions. "Sidewall passivation" is the



conditions. "Sidewall passivation"” is the -2- conbination of the
reactive etchant material wth the sidewalls of the opening of the
substrate material as etching proceeds down into a desired layer. A film
forms on these sidewalls which retards etching in the lateral direction,

t her eby producing substantially straight sidewalls. The film is renpoved in
a later processing step after etclng-is conpleted. It is therefore
desirable in nmost dry etching processes to maintain the wafer at a
terrperature which is very low tg maxim ze the above advant ages._ The_| west

practi cal cosabingtion: ffe sureaqw@semhe/ntermww ivéith | the, sidewalls cof,

an effect commonly known as | ow tenperature post etch deposit. This known
phenonenoropemninge ©fa theolsubstrate om#ierial asd etelinge proeegdyr dowmndado a
tenperatures of [err] and bel ow. The,deposit results fromreaction

bypr oduct siesfred laysrh f Ao filinh fofthé hextheBé Ssitlewalis| whickd @etirdsOcidhing Sact or -

has been shut off "at the conclusion of the desired etch. Wen power 1o the

reactor i §pgUatdrf direction, thereby producing substantially straight sidewalls.
The film is removed in a later processing step after etching is
completed.

It is therefore desirable in most dry etching processes to maintain
the wafer at a temperature which is very low to maximize the above -’
advantages. The lowest practical cooling temperature presently employed
is around 20° C because of an effect commonly known as low
temperature post etch deposit. This known phenomenon becomes a
problem below 20° C, and becomes very pronounced at temperatures of
0° C and below.

The deposit results from reaction byproducts which form from the
etchant materials after power to the reactor has been shut off at the
conclusion of the desired etch. When power to the reactor is cut, the -
front (exposed) side of the wafer will no longer be heated by plasma.
Further, the etchant byproducts will no longer be receiving excitation
from plasma state electron collisions. As such, conditions become very
favorable for deposition of compounds from the gas phase onto the
cooled wafer.

With some etchant materials, the reaction byproducts are a result

of reaction of the etchant materials with one another which then merely

condense onto the cold wafer surface when power is interrupted. With



front (exposed) side of -the wafer will no | onger be heated by plasnma.
Further, the etchant byproducts will no |onger be receiving excitation from
pl asma state electron collisions. As such, conditions becone very favorable
for deposition of conpounds fromthe gas phase onto the cooled wafer. Wth
sone etchant materials, the reactlon byproducts arée a result of reaction of
the etchant materials mnth one another~ which then nerely condense onto the
col d wafer surface when power is interrupted. Wth -3- other etchants,
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adverse deposition. Fig. 1 is a mcroscopic perspective view of a silicon
Subst r at e intefreuptionuof r peweg t HBoWr fmechanismsoare chighlytundesitableot chhe
deposit. There illustrated is a silicon wafer 10 after a | ow tenperature

itz ch has hewer abeptempératiibeto Whichcthed dacksider b thef wader istdocteduther s

more favorable the conditions for this adverse deposition.

Fig. 1 is a microscopic perspective view of a silicon substrate

wafer illustrating the effects of low temperature post etch deposit.

Y, There illustrated is a silicon wafer 10 éftcr a low temperature etch has

been completed. Wafer 10 inclﬁdes a series of conductive runners 12,

14, 16, and 18. Thé upﬁer layer of runners 12, 14, 16, and 18 includes

a layer of photoresist 18a, 18b, 18c, and 18d respectively. The spaces

between the runners have been etched away to define channels 22, 24

and 26. The mass of material represented by numeral 28 is an

undesired post etch deposit. Such a condition was obtained in a low

temperature etch. | Example coﬁditions would be an etch in an

W Elechtrotech 6mega-II RIE reactor wit.h the temperature -beneatﬁ the

wafer maintained at -10° C;. a first etc.:hing Step conducted at 120 mtorr,

140 watts, 80 sccm SF 6 and 11 sccm Ar for 2 minutes and 45 seconds;

followed by a second etching step at 110 mtorr, 100 watts, and 50 sccm

Cl2 for 1 minute and 15 seconds.



14, 16, and 18. The upper layer of runners 12, 14,":16,. and 18 % nci gdes a
| ayer of photoresist 18a, 18b, 18c, and 18d respectively. The spaces

bet ween the runners have been etched away to defi ne channels 22, 24 and 26.
The mass of material represented by nunmeral 28 is an undesired post etch '
deposit. Such a condition was obtainedgin a | ow tenperature etch.
Exanpl e conditions would be an etch in an Elechtrotech onega-Il1 R E

reactor with %i@ Fbit elﬁalsﬁg%ﬁf‘@@ turel ; first
et chi ng stepﬂégﬁaﬁt}g%ﬁégﬁug rrtrigrr, %ﬁgtomﬁ 80 scCm , ang"’fft?é m Ar
for 2 mnutes and 45 seconds; followed by a second etching step at 11

ntorr, deposittton ansemicondustprr substratel wafer: énaondes toocenable lowez- |t
is an object of this invention to prevent |ow tenperature dry etch deposit

on a seg&;&g&a&#ﬁr q&;&: e wafer in order to enable | ower tenperature dry
et chi ng. éh§o ‘st aspect of this invention, a nethod of -
preventing low tenperature dry etch deposit on a sem conductor substrate

waf er conpri ygccordéng itogaifirst caspect of thisdnventions & methodi of preventing hi ng

reactor at
low temperature dry etch deposit on a semiconductor substrate wafer

comprises: ceasing injection of reactive gas to within a dry etching reactor at
substantial completion of a selective etch while maintaining sufficient power
to the reactor to maintain gases therein in a plasma state; and evacuating a
significant portion of the reactive gas from the reactor before decreasing
power to the reactor below that which is sufficient to maintain gases therein
in the plasma state. Preferably, the evacuation step comprises maintaining a
vacuum suction force in an evacuation opening communicating with the
reactor while injection of gases into the reactor has substantially ceased. The
evacuation step may also comprise injecting an inert purge gas into the reactor
while injection of the reactive gas has substantially ceased to expel the
reactive gas from the reactor, the inert purge gas being inert to reaction with
material on the wafer. The wafer may be cooled during the selective etch,
to a temperature less than 20°C, and preferably less than or equal to about
0°C. According to a second aspect of the invention, a method of dry etching
a layer on a semiconductor substrate wafer within a reactor, the reactor having

cooling means for cooling a wafer positioned within the reactor, comprises:
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substantial conplétion of a selective etch while naisht a[ni ng suf:fici ent*
power to the reactor to maintain gases therein in a plasm state; and
evacuating a significant portion of the reactive gas fromthe reactor

bef ore decreasing power to the reactor below that which is sufficient to
mai ntain gases therein in the plasma stase. Preferably, the evacuation step
conpri ses nmai ntaining a vacuum suction force in an evacuati on opening

has sigs: RPHIGHiDE & WP it W teachdh, Shleciut o RS orc s 1 SHRREHY,

an inert purge gas into the reactor while injection of the reactive gas has
‘subst ant i rédctor,dtheanea gasbping reactiveawhendngn pldsmarstate withanaterialon theer t
‘purge gas being inert to reaction with material on the wafer. The wafer may
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of the invention, a nethod of dry etching a | ayer on a sem conduct or

subst r at ethefwaferi thiereina for ac poeseledtedr smount ofitime tooselecti rubthm a
cooling a wafer positioned mnthln t he reactor conpri ses:
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material on the
- within the reactor at the completion of the desired etch while some minimum

amount of electrical power is being applied to the reactor to maintain gases
present therein in the plasma state; injecting another gas into the reactor while
injection of the one gas has been stopped and while the minimum amount of
electrical power is being applied to the reactor, the other gas being
substantially inert to reaction with material on the wafer; and continuing
injecting the substantially inert gas for a time sufﬁcient'. to substantially purge
the reactor of the at least one reactive gas while the minimum amount of
electrical power is being applied. The wafer may be cooled with the cooling
means during the etch to a temperature between about 0°C aﬁd -70°C, and
the minimum amount of electrical power is preferably greater than or equal
to about 50W.

The above-mentioned other gas may be selected from the group
consisting of noble gases and N2, and mixtures thereof.

Further features relating tb the preferred embodiment of the invention

are described below by way of example with reference to Figure 2 of the
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waf er; applying a presel ected amount of electrical «poWgr to the re}égtb:r
with the wafer therein for a preselected anount of time to selectively
obtain a desired dry etch of the |layer; stopping injection of the at | east
one gas to within the reactor at the conpletion of the desired etch while
sonme m ni mum anount of electrical powergis being applied to the reactor to
mai ntai n gases present therein in the plasma state; injecting another gas
i nto t hegd&nih RDMP& tion of the one gas has been stopped and while
the m ninum a rlcal power is being applied to the reactor,, the’
ot her gas being substantlally inert to reaction with material on the wéfer
and conti nui nlp mhqsah'awmgshe substantially inert gas for a tinme sufficient
to substantially purge the reactor of the at | east one reactive gas while

cool et +cdoft A eReinid St itlsRon or & Brckak, 6k

about [err] and [err], and the m ni num anount of el ectrlcal povver

pr ef er atil ustrating-the effects ofdow tempepatute AWV etChed eposi ﬂgﬁ; ﬂtiﬁer
gas may be selected fromthe group consisting of nobl e gases 5

m xt ures thefcgé Eurt er features relating to the preferred enbodi rrent of
the inv i 1 ¥€d bel ow by way of exanple with reference to

Figure 2 of the
Fig. 2 is a microscopic perspective view of a silicon substrate wafer

etched in accordance with the invention.

A preferred method of dry etching a layer on a semiconductor substrate =
wafer within a reactor having cooling means for cooling a wafer position will
now be summarised. A wafer is first positioned within the reactor. At least
one gas is injected into the reactor, the gas being reactive when in a plasma
state with the material on the wafer. A preselected amount of electrical power
is applied to the reactor for a preselected amount of time to selectively obtain
the desired etch of the layer.

At the completion of the desired etch, injection of the reactive gas into
the reactor is stopped while some minimum amount of electrical power is
applied to the reactor to maintain gases (etchant material) present therein in
the plasma state. The minimum amount of power will typically be something
greater than or equal to about SOW for an Elechtrotech omega-II RIE reactor.

Another gas is injected into the reactor while injection of the reactive

gas has been stopped and while the minimum amount of electrical power is



-6- acconpanying drawings. In the drawings: Fig. 1 |-q a m crostapic ¢ o
perspective illustration of a prior art etch |IIustrat|ng the eff cts of
|l ow tenperature dry etch deposit, and discussed in the introduction above .
Fig. 2 is a mcroscopic perspective view of a silicon substrate wafer '
etched in accordance with the invention, A preferred nmethod of dry etching-
a layer on a sem conductor substrate vvafer within a reactor having cooling

means for m I [ mﬂ!ds Wh; rst
posi t 'r'v.meg ﬁﬁ% ?ﬂéﬁ%@é&)%ﬁ? 'anone 1S T nj e@ 5 Nt o nért
reactor, the gas being reactive when in a pl asma state W|th the material on
t'he waf er toseactior| withethexmatexriabon d¢he wvafer4o gvoid signifiqant ifarthes etthing.

reactor for a preselected anount of tinme to selectively obtain the desired
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el ectrical power is applied to the reactor to naintain gases (etchant

material ) oprmixtoiresd thereof, | Injetidon ofSthe substantidlly inert gasrshonldocefir forer

will typically be sonething great er than or equal to about 50Wfor an

El echtr ot ;LI RE
echtro ect?m%nse icient to sr gstan%ally purge the reactor volume of the reactive gas

or gases while the minimum amount of electrical power is being applied.
This will prevent the reactive byproduct gases from depositing onto the
substrate.

To prevent low temperature dry etch deposit on the wafer, injection of
reactive gas to within a dry etching reactor is ceased at substantial completion
of a selective etch while maintaining sufficient power to the reactor to
maintain gases therein in a plasma state, and a significant portion of the
reactive gases from the reactor is evacuated before decreasing power to the
reactor below that which is sufficient to maintain gases therein in the plasma
state.

The above-described evacuation is effected by injection of an inert
purgé gas to expel the reactive gas or gases from the reactér. Referring to

. Figure 2, which illustrates a wafer 30 etched in accordance with the above
described methbd, the wafer 30 being of the same configuration as that shown
in Figure 1, it is apparent that, no such post etch deposit is present in any of

channels 22, 24 or 26. Such a profile was obtained using the same equipment



Another gas is injected into the reactor while inj«dcti,on of the rkactd‘ve
gas has been stopped and while the m ni nrum anount of electrical power is
-7- still being applied to the reactor. This other gas should be X
substantially inert to reaction with the material on the wafer to avoid
significant further etching. By way of gxanple only, the inert gas could be
any of the noble gases, [err], or mxtures thereof. Injection of the

SuP=L a1k Ll R By e it e ettt s 30" A

amount of electrical power is being applled This will prevent the reactive

by pr oducTheanethod comprisedi thefoliowing tthree steps.atRirstTat 126vmtorr and 140

tenperature dry etch deposit on the wafer, injection of reactive gas to
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mai ntain gases therein in a plasma state, and a significant portion of the

reacti vesegonds. f Seconds ateFP0 antors a0 seaths 50 <CHE wr@esinjected eor 10 t he

reactor. bel ow that which is sufficient to maintain g#ses thefein in the
| asma st te
P minute and 15 seconds. Third, at 100 mtorr and 100 watts, 50 sccm of Ar

were injected for 1 minute and 30 seconds. The argon of the third step
functioned as the inert purge gas.

The evacuation of the reactive gas may be achieved by maintaining a
vacuum suction force in an evacuation opening communicaﬁng with the
reactor while injection of gases into the reactor has substantially ceased. Dry
etching reactors include vacuum openings to withdraw the spent etchant
material from the reactor as etching progresses. It would also be possible to
withdraw a substantial portion of the reactive gases from the reactor at the
conclusion of the etch by merely maintaining this vacuum suction force after
injection has ceased and while sufficient power is supplied to maintain the
remaining etchant material in the plasma state. It is expected, however, that
this latter method will not be as effective as an inert gas purge in removing
all residual reactive etchant material. It will, however, remove a significant
portion of the reactive etchant material to have a positive effect on reduction

of post etch deposit.



The above-described evacuation is effected by injects on‘of *an i hert spw’ge
gas-to expel the reactive gas or gases fromthe reactor. Referring to
Figure 2, which illustrates a wafer 30 etched in accordance with the above
descri bed nethod, the wafer 30 being of the same configuration as that
shown in Figure 1, it is apparent that qno such post etch deposit is
present in any of channels 22, 24 or ~Such a profile was obtained using
t he sane equi prent -8 - for the etching illustrated by Figure 1 with the
waf eryJei ng cool ed to -10C The nethod conprised the follow ng three steps.
First, at 120 morr and 140 watts, 80 sccmof [err] and 11 sccmof Ar were

e £or Al s depeAbRRR e 6aitle Sfarbt ol so B e

100 watts, 50 sccm of Ar were Il’lj ected for 1 mnute and 30 seconds. The

,argon of Heigyt 50, %irn?i'e erably ¢6 abons 00C o beléwpwitichqromdies selectivity on

of the reactive ga$ be achl eved by maintaining a vacuum suction force
in an evacuatign openi ng, commn|ct| with the reacto il egt i of
gases i ntegd rédewall: Passyation, %‘Fam-‘ﬁgmy‘ ZH M%ﬁg&e% @p E
i ncl ude vacuum openings to w thdraw. the spent etchant
methods would be effective to at least -70°C, and perhaps lower.

In compliance with the statute, the invention has been described in
language more or less specific as to structural and methodical features. It is
to be understood, however, that the invention is not limited to the specific

features shown and described, since the means and construction herein

 disclosed comprise the preferred forms of putting the invention into effect.



material fromthe reactor as etching progresses. It would al so be possible
to withdraw a substantial portion of the reactive gases fromthe reactor at
the conclusion of the etch by nerely maintaining this vacuum suction force
after injection has ceased and while sufficient power is supplied to

mai ntai n the remai ni ng et chant rm-t-e[@al_.i n the plasma state. It is

expected, however, that this latter nmethod will not be as effective as an
inert geq OfNgge i n renoving all residual reactive etchant material. It
will, hOwever, renove a significant portion of the reactive etchant

material to have a positive effect on reduction of post etch deposit = The

above descri bed nethod enabl es wafer cooling to tenperatures well bel ow
[err], or preferably to about [err] or bel ow, which pronotes selectivity
and si dewal | lpassiameshodeofiaprevanting low demparaguisAry; sicki depesitg

met hods woul d be effective to at least [err], and perhaps lower. In

conpl i apae awsemicomductar usubstrate wafentcamphisingieen descri bed i n | anguage
nore or |less specific as to structural and nethodical features. It is to be

under st ood, Reweig’ injebibnt HF reAvEVé igHs t6 Withid idVidrgdedching Geabrsi it C
f eatures shown and déscri bed, since the neans and construction herein
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power to the reactor to maintain gases therein in a plasma state; and
evacuating a significan* portion of the reactive gas from the

reactor before decreasing power to the reactor below that which is

sufficient to maintain gases therein in the plasma state.

2. The method of preventing low temperature dry etch deposit
of claim 1 wherein the step of substantially evacuating the reactive gas
plasma from the reactor comprises:

maintaining a vacuum suction force in an evacuation opening
communicating with the reactor while injection of gases into the reactor

has substantially ceased.
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-10- CLAIMS: 1. A method of preventing |ow tenperature dry etch deposit
on a-sem conductor substrate wafer conprising: ceasing injection.of
reactive gas to within a dry etching reagﬁor at substantial conpletion of a
sel ective etch while maintaining suffiTienl aower to the reactor to '
mai ntain gases therein in a plasnma state; and evacuating a significant
portion of the reactive gas fromthe reactor before decreasing power to the

react or. bel ow t,hat ich is suffdcient to i ntain e rein i
bl asrmstat e B TR Toefht off BrEtmish JoNGIBBeARGE, B S pERbAE
deposit of claim1l1l wherejn the step of substantially evacuating the
reactive @Asclgimsinwhesain fhe, siepr &f supsiantaly evacwating the areagdiyg§neas
suction force in an evacuation opening communicating with the reactor while
i nj ecti onpidsmastroni nthe trhactoracomprises: subst anti al |y ceased.
- injecting an inert purge gas into the reactor while injection of the
reactive gas has sﬁbstantially ceased to expel the reactive gas from the

reactor, the inert purge gas being inert to reaction with material on the

wafer.

—/
4. The dry etching method of claim 1 further comprising
cooling the wafer during the selective etch to a temperature less than
20° C.
3. The dry etching method of claim 1 further comprising
cooling the wafer during the selective etch to a temperature less than

or equal to about 0° C.
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3. The nethod of preventing |ow tenperature dry etch deposit of claiml
wherein the step of substantially evacuating the reactive gas .plasma from
the reactor conprises: injecting an inert purge gas into the reactor while
i njection of the reactive gas has suﬁstantially ceased to expel the
reactive gas fromthe reactor, the i t..ourge gas being inert to reaction
with material on the wafer. 4. The dry etching nmethod of claim 1
further conprising cooling the wafer during the selective etch to a
tenperature $ess tH&n 90 retching method of claimni hg furthesocomprising my- 1
further conprising cooling the wafer during the selective etch to a -~

t enper ataoling ehe wader oduringathd csedéctive Et€h to &.tempérntdre lesshihag net hod
of claim 1 further conprising cooling the wafer during the selective etch
to a teggreRtdnd | ess than [err]; and wherein the step of substantially
evacuating the reactive gas plasm

wherein the step of substantially evacuating the reactive gas plasma

from the reactor comprises:
maintaining a vacuum suction force in an evacuation opening
communicating with the reactor while injection of gases into the

reactor has substantially ceased.

7. The dry etching method of claim 1 further comprising
cooling the wafer during the selective etch to a temperature less than
or equal to about 0° C; and

wherein the step of substantially evacuating the reactive gas plasma
from the reactor comprises:

maintaining a vacuum suction force in an evacuation opening
communicating with the reactor while injection of gases into the

reactor has substantially ceased.
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fromthe reactor conpri-ses: maintaining a vacuum suction force in an
evacuati on openi ng comuni cating with the reactor while injection of gases
into the reactor has substantially ceased. 7. The dry etching nethod of .
claim 1 further conprising cooling they®fer during the selective etch to
a tenperature less than or equal to about™O0 C, and wherein the step of
substantially evacuating the reactive gas plasma fromthe reactor
conprises: naigtaini agyac sSHCtd r o 3 % Wely! '

mp TRl LAl NTHE 2dPRCEKRIAECIMEthd P! 6F Iclaifl 1V aRlMerONcORPRisTEE

comumi tating wth the reactor le 1njection of gases Into.t eactor

has substantj.ally ceased. . 8. Th ry etching thod . of ¢l ai 1
further cﬁ?rB P& ﬁbﬂ c %ﬁfn&uf’l’i‘g \Xﬂ?eyP&ﬁﬁgY%gettcﬁe jgepegt%qxggr%tpéﬁ fegsaman
tenperature less than [err]; and wherein the step of substantially’
evacuat i ng0% Hes rattt i ve gas plasma from the reactor conprises: injecting
an inert purge gas into the reactor while injection _

wherein the step of substantially evacuating the reactive gas plasma

from the reactor comprises:
injecting an inert purge gas into the reactor while injection
of the reactive gas has substantially ceased to expel the reactive

gas from the reactor, the inert purge gas being inert to reaction

\—/

with material on the wafer.

9. The dry etching method of claim 1 further comprising
cooling the wafer during the selective etch to a temperature less than
or equal to about 0° C; and

wherein the step of substantially evacuating the reactive gas plasma
from the reactor comprises:

L

injecting an inert purge gas into the reactor while injection
of the reactive gas has substantially ceased to expel the reactive
gas from the reactor, the inert purge gas being inert to reaction

with material on the wafer.
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of the reactive gas has substantially ceased to expel the reactive gas from
the reactor, the inert purge gas being inert to reaction with material on
the wafer. 9. The dry etching nethod of claim 1 further conprising
cooling the wafer during the sel ectdvelgtch to a tenperature |ess than or
equal to about [err]; and wherein the step of substantially evacuating the
reactive gas plasma fromthe reactor conprises: injecting an inert purge

gas into theyyeacAormefhd® iotl &Sty Ofkching Na & ?e;' o 9as seaficondat@t i ally

ceased to expel the reactive gas"fromthe reac he inert purge gas S

dry " oeBRPlTgte SRR AR & a8BbfEn, nel g fm“’?saaaras et a8 o

t he react gr having cooling neans for cooli n a wafer positioned within the
react oCOOIIRE ReWAIET cPAYHOBEAg WithiBi the fed¢ @r.mﬂwermﬁfhcm rCQIPrisifgit or ;
Injecting at | east one gas to within the reactor, the one gas being
reacti ve whepositioning as weafer awithint therateactar; on the waf er;

injecting at least one gas to within the reactor, the one gas being
reactive when in a plasma state with material on the wafer;

applying a preselected amount of electrical power to the reactor
with the wafer therein for a preselected amount of time to selectively
obtain a desired dry etch of the layer;

stopping injection of the at least one gas to within the reactor at
the completion of the desired etch while some minimum amount of
electrical power is being applied to the reactor to maintain gases
present therein in the plasma state;

injecting another gas into the reactor while injection of the one
gas has been stopped and while the minimum amount of electrical
power is being applied to the reactor, the other gas being substantially
inert to reaction with material on the wafer; and ~

continuing injecting the substantially inert gas for a time sufficient

to substantially purge the reactor of the at least one reactive gas while

the minimum amount of electrical power is being applied.
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appl ying a presel ected .anount of electrical power to the reactor with the
wafer therein for a preselected anbunt of time to selectively obtain a
desired dry etch of the layer; stopping jnjection of the at | east one gas .
to wthin the reactor at the conpl etToOn +he desired etch while sone '
m ni rum anount of electrical power is being applied to the reactor to

mai ntai n gases present therein in the plasm state; injecting another gas
into the reactdd.whiThe idiyeetehingomethedonf qJakn hi@ cumprising sooliagdthei | e
the mkpi mum anount of electrical power is being applied to the reactor, the
ot her gaswedengvith bitieaobbHhp ymieaas tdidng ethet etoh wotd temdmerasireoiesshehawmf er ;
and continuing injecting the substantially inert gas for a tine sufficient
to substapppagly purge the reactor of the at |east one reactive gas while
the m ni num amount of electrical power is being applied. 11. The dry
£tching nmethod of claim 10 conprising cooling the wafer with the cooling
‘means during the etch to a tenperature less than [err]. 12. The dry etching
met hod of claim 10 conprising cooling the

12. The dry etching method of claim 10 comprising cooling the
wafer with the cooling means during the etch to a temperature less than

or equal to about 0° C.

13. The dry etching method of claim 10 comprising cooling the
wafer with the cooling means during fhe etch to a temperature between
about 0° C and -70° C.
14. The dry etching method of claim 10 wherein the minimum
N amount of electrical power is greater than or equal to about 50W.

Tl



wafer with the cooling means during the etch to a tenperature |ess than or
equal to about 0 C 13. The dry etching nmethod of claim 10 conprising
cooling the wafer with the cooling nmeans during the etch to a tenperature
bet ween about 0 C and -70 C. 14. The gky etching nethod of claim 10
wherein the m ni nrum anount of electric power is greater than or equal to
about SOW 15. The dry etching nethod of claim 10 wherein the m ni num
anmount of electrical power is greater than or equal to about 50W and
further conpdPsi ndihecslyi giching meatbpdwof hclainm d@omhegeirathe arinimgnt he
etch to a tenperature | ess than 20 C. 16. The dry etching nmethod of &Taim

10 wher amounteofrielectricalnpower ofs gredter i than RAVRGuAP taf aBbAT S0WD fid equal
to about 50W and further conprising: cooling the wafer with the cooling

means dfiirftRér tdsinpiisihg:0 @ tenperature |l ess than or equal to about 0 C. 17.
The dry etching nethod of claim 10 wherein the m ni num

cooling the wafer with the cooling means during the etch to a

temperature less than 20° C.

16. The dry etching method of claim 10 wherein the minimum
amount of electrical power is greater than or equal to about 50W, and
further comprising:

cooling the wafer with the cooling means during the etch to a

temperature less than or equal to about 0° C.

17. The dry etching method of claim 10 wherein the minimum
amount of electrical power is greater than or equal to about 50W, and

further comprising:

cooling the wafer with the cooling means during the etch to a

temperature between about 0° C and -70° C.
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amount of electrical power is greater than or .equal to about 50W and
further conprising: cooling the wafer wth the cooling neans during the
etch to a tenperature between about 0-C d@_;?O C 18. The dry etching.
nmet hod of claim 10 wherein the other gas is selected from the group '
consi sting of noble gases and N2 and m xtures thereof. 19. The dry
etching nethod of claim 18 wherein the m ni rum anount of electrical power
is greater thalB.or €headry cetebing méthod®f ciim dly vhereimtheeobber gascl ai m
18 wherein the mninum anmount of electrical power is greater than or equal
to about i50welestedf fromertheorgroupi nepnsissisig ngf t nebleaf gasesi tand ¢ oahing
means during the etch to a tenperature less than [err]. 21.. The'dry

“et ching f ian 18 wherein the m ni num anount of el ectrical power

i s great e@ﬁ{?ﬁ%}s‘)otpﬁié%g to about 50W and further conprising: cooling the
-wafer with the cooling nmeans during the etch to a

19. The dry etching method of claim 18 wherein the minimum

amount of electrical power is. gréater than or equal to about 50W.

Y,
20. The dry etching method of claim 18 wherein the minimum
amount of electrical power is greater than or equal to about 50W, and
further comprising:
cooling the wafer with the cooling means during the etch to a
temperature less than 20° C.

N 21. The dry etching method of claim 18 wherein the minimum
amount of electrical power is greater than or equal to about 50W, and
further comprising:

cooling the wafer with the cooling ‘means during the etch to a
v temperature less than or equal to about 0° C.




tenperature | ess than or equal to about 0 C 22. The dry etching nethod
of claim 18 conprising cooling the wafer with the cooling neans during t-he
etch to a tenperature less than [err]. 23. The dry etching nethod of claim
18 conprising cooling the wafer with t €60l i ng neans during the etch to a
tenperature | ess than or equal to about 0 C.

22, The dry etching method of claim 18 comprising cooling the -

-

"
wafer with the cooling means during the etch to a temperature less than
20° C.
23. The dry etching method of claim 18 comprising cooling the
wafer with the cooling means during the etch to a temperature less than
or equal to aboat 0° C.
~
-

»* c L n s *



