2 0 ON 2003 REACTI VE PLASMA ETCH CLEANI NG OF HI GH ASPECT RATI O OPENI@&%UETZMB
This invention relates to an i nproved nethod of renoving native oxides.
More particularly, this invention relates to renoving native oxides from
hi gh aspect rati o openings. 5 BACKGROUND OF THE I NVENTION In the
manuf act ure of sem conductor devices, in an attenpt to provide nore

devi ces on a single sem conductor substrate, such as a silicon wafer,
several |ayers of devices are made, separated by dielectric |ayers.
Openings are made in 10 the dielectric layers which are then filled with a
conductive material to provide electrical contact between devices in

di ff er ent REAETSVE SBLhSHPeRTAYs CAEANEEEt OFnHIGE BSPECHe R RISt CFFY 1t¥%ough
conparatively thick dielectric |layers. The ratio of depth to width is

cal l ed the aspget Raivkat(AR) randtemido En dinamterd b b pehireyeovETe
referred to as high aspect ratio openings. As snaller devices are being

made, tne. AR.0f o346Rs ORRRNGS JichAAsas,, Naliy 8 et rad 1o f or med

by exposuré o material "at t otttom of the opening to even a very

smal | 20 anmount of aoxygen;, the reacti.on i s _spqnt fdma thin
"native 6§W8¥1n9a§?§F.1Vyﬁat°éﬁjidEﬁss frsrl?é%%&ghsialsipc%c%, a| ucrﬁjflb rﬁq1 mgjop'per and the
like readily formnative oxides from an en_1th Eqnay be present in the

0X
chafber used to etch the oB&fiFEOUND. O TRE INVENTL

In the manufacture of semiconductor devices, in an
attempt to provide more devices on a gingle semiconductor
substrate, such as a silicon wafer, several layers of devices
aré hade, separated by dielectric layers. Openings are made in

10 the dieléctric layeré which are then filled with a conductive
material to provide electrical contact between devices in
different layers. Such openings are kept small, but they must
go through comparatively thick dielectric layers. The ratio of
depth to width is called the aspect ratio (AR) and small

15 diameter, deep openings are referred to as high aspect ratio
openings. As smaller devices are being made, the AR of such
openings increases.

Native oxides are readily formed by exposure of the
material at the bottom of the opening to even a very small

20 amount of oxygen; the reaction is spontanecus to form a thin
“native oxide” layer. Materials such as gilicon, aluminum,
copper and the like readily form native oxides from any oxygen
that may be present in the chamber used to etch the opening;

whether becausé of exposure of the substrate to air, or to any



whet her because of exposure of the substrate to air, or to any 1 Z 0 o2 &ET 2003
2003 oxygen-contai ning species that may be generated during the etch step.
Since oxides are dielectrics, the oxidation of conductive materials such
as silicon, alum numor copper to formtheir 5 oxides reduces the
conductivity of the deposited conductive |ayer, and creates an interface
havi ng a high contact resistance with a subsequently deposited conductive
film This degrades the performance of devices. Thus, in order to prevent
degradati on of devices, the high aspect ratio openings nmust be 10 cl eaned
of these native oxides prior to filling themw th a %ﬁf GLive .gontact

mat er i al oxypret ofot@inhng| 9Ee6kEdeSPRAVBREeBR PERGTEY ST (Y a bt e ¢l ean
step, as by dipping the substrate in a buffered oxide etch, or "BCE"

et chant , gstlehsggp HF and anmmoni um fl uoride, 15 and/or by sputter etching
with argon.. After renoval of the native oxide, however, the substrate

cannot be eXPOBEde ! 9:x30Ys QXU0BRCOECOXYER)" COR! abalicag igases, ondimt e
oxide will re-"form Thus a nmethod for providing an effective preclean, or

20 renoval of, native ide i.n. N i oxgler i N th
bott om \(;I}la%l?léjn fh%ugﬁéé%ﬁkgl\é?ﬁﬁrg‘%hgg%e‘ﬁ or ¥pget deP o rtm In e

5 oxides reduces the conductivity of the deposited conductive
layer, and creates an interface having a high contact
resistance with a subseguently deposited conductive film. This
degrades the performance of devices. Thus, in order to prevent
degradation of devices, the high aspect ratio openings must be

10 cleaned of these native oxides prior to filling them with a
conductive contact material.

Herétofore, native oxides have been removed with a pre-
clean step, as by dipping the substrate in a buffered oxide
etch, or “BOE“ etchant, such as HF and ammonium fluoride,

15 and/or by sputter etching with argon. After removal of the
native oxide, however, the substrate cannot be exposed to any
oxygen oxr oxygen-containing gases, oY native oxide will re-
form.

Thus a method for providing an effective preclean, or

20 removal of native oxide in vacuum that will not re-deposit
oxide in the bottom or along the sidewalls of high aspect
ratio openings has been sought.

Further, such a method must be able to remove native

oxides completely from the bottom of high aspect ratio



rati o openings has been sought. Further, such a nethod nust be able tq gQCT 2003
renove native oxides conpletely fromthe bottom of high aspect ratio 2
2000T 2003 openings, i.e., having an AR of 4 or higher, wthout re-
depositing native oxide along the sidewalls of the opening. SUMVARY OF THE
| NVENTI ON The present invention provides a nethod for renoving 5 native
oxides fromthe bottom of high aspect ratio openings wthout

re-deposition, or depositing oxide-containing naterial along the sidewalls
of the opening. This is acconplished by etching the bottom of hi gh aspect
rati o openings with a plasma that converts oxygen present in the chanber to
vol ati | eopimgaent cont abavimgg oan hak ogend cont BiGRAY. gusEBOPRat€can be

rapi dly and conpletely renoved through the vacuum chanber exhaust system
In parti elé%%fs,i @ asdmi e betdem aesg hehegendenal aknbhgthgaspsnisgt or med
in a suitable plasma etch chanber. This 15 etchant m xture converts the

native oxides present to el empRhal exyveer andoy@li | e hal ogen-cont ai ni ng
gases. These gases can be rapidly and conpletely exhausted fromthe

e e ueha I et PpRL b el T PRy 98052 L AbAT £oE OFRABDYAGON the

S native oxides from the bottom of high aspect ratio openings
without ré—deposition, or depositing oxide-containing material
along the sidewalls of the opening. This is accomplished by
etching the bottom of high aspect ratio openings with a plasma
that converts oxygen present in the chamber to volatile

10 oxygen-containing or halogen-containing gases that can be
rapidly and completely removed through the vacuum chamber
exhaust system.

In particular, a plasma of helium and halogen-containing
gases is formed in a suitable plasma etch chamber. This

15 etchant mixture converts the native oxides present to
elemental oxygen and volatile halogen-containing gases. These
gases can be rapidly and completely exhausted from the
chamber, preventing re-deposition of oxygen-containing
compounds on the bottom or sidewalls of high aspect ratio

20 openings. Since re-deposited material om the walls and
fixtures of the etch chamber does not adhere well, eventually
particles fall away from the walls and fixtures that can
deposit on the substrate. Such re-deposition is also prevented

by the present invention.



20 openings. Since re-deposited material on the walls and fixturé%ﬂggTQW%
etch chanber does not adhere well, eventually particles fall away fromthe
wal I's and fixtures that can deposit on the substrate. Such re-deposition
is also prevented by the present invention. 3 2 0 0 CT 2003 BRI EF

DESCRI PTION OF THE DRAWNG Fig. 1 is a cross sectional view of a plasm
vacuum chanber in which the present cleaning step can be carried out.

Fig. 2 illustrates a deep tapered opening cleaned in 5 accordance with the
invention. Fig. 3Aillustrates an opening having native oxide at the
bottom of the opening. Fig. 3B illustrates a sputter etched opening in

accordance with the prigrI®@r DEECRAIFJYONSCrarmiEBBRAWUSErate a reactively
etched opening in accordance with the process of the invention. DETAI LED

DESCRI BT ON G g5, | %E&W&Q!éls;hge&aseﬁgncbamebfu%e la i@ Bl a
dual - pomer etch® cha as shown in Fig. 1. This chanber is commercially

%ﬁcavall g%lége C%ﬁﬁe?a?? tﬁeeaﬁgﬁlbggl E@%ﬂq?nygf¥hedwgﬁﬁja|8,
an énclosure 72 a pre | ean nber 40 conpri ses
Fig. 2 illustrates a deep tapered opening cleaned in
5 accordance with the invention.
Fig. 3A illustrates an opening having native oxide at the
bottom of the opening.
Fig. 3B illustrates a sputter etched opening in
accordance with the prior art.
10 Figs. 3C and 3D illustrate a reactively etched opening in
accordance with the process of the invention.
DETAiLED DESCRIPTION OF THE INVENTION
The vacuum chamber useful herein is a dual-power etch
chamber as shown in Fig. 1. This chamber is commercially
15 available as the Pre-Clean II chamber available from Applied
Materials, Inc. of Santa Clara, CA. Generally, the
etch/preclean chamber 40 comprises an enclosure 72, a
substrate support 42 disposed within the chamber 40, a gas
inlet 76 connected to the enclosure 72, a gas exhaust 78
20 connected to the enclosure 72, an RF power source 74 connected
to an inductive coil 98 to generate a plasma within the

enclosure 72 from gases passed into the chamber through the

gas inlet 76, and a power source 80 connected to the substrate

support 42.



substrate support 42 disposed within the chanber 40, a gas inlet 76 20 0CT 2003
connected to the enclosure 72,. a gas exhaust 78 20 connected to the

encl osure 72, an RF power source 74 connected to an inductive coil 98 to
generate a plasma within the enclosure 72 from gases passed into the
chanber through the gas inlet 76, and a power source 80 connected to the
substrate support 42. 4 2DUCT2003 The enclosure 72 includes sidewalls 82,
a bottom84 and a top 86. A replaceable alumna (A1203) done 88 is nounted
under the top 86 and above a processing region 90. An inductor coil 98 is
di sposed about the alum na dome 88 and is connected to 5 the RF power
source 74 to Thduehiclelsyreotd e raclpldesies wiawd nl s tie, pﬁfd@@ts%@fﬁ@fe@?%rﬁ 90.
The gas inlet 76 is connected to a processing gas supply 92 and introduces

the prOCE%ﬁ'Qa gﬁsrgbﬁk%%%ﬂﬂg(éﬂdMiﬁﬁaﬂQBKJ ) 48oder 8001 pracesskdgundbe gas
exhaust 78 preferably conprises 10 a servo control throttle valve 94 and a

vacuum pﬁgg gaﬁd g an\éfi@%%ﬂ%ﬁ&&%&%ﬁ é%%&? shanberi duPEbSr cd D1

pr ocessi uring ‘processing, punp 96 and t he-servo

throttle valve 94 maintain the.desired pre reg hin-th r. 40. 15
The subs?gaﬁé §u6§8?% I 4%“@3%5?%?%? %ﬁ%rl%%%n 14 NonfibBEPe 4

5 the RF power source 74 to inductively couple a plasma within
the processing region 90. |

The gas inlet 76 is connected to a processing gas supply

92 and introducés the processing gas mixture into the chamber

40 during processing. The gas exhaust 78 preferably comprises

10 a servo control throttle valve 94 and a vacuum pump 96. The
vacuum pump 96 evacuates the chamber 40 prior to processing,
and during processing, the vacuum pump 96 and the -servo
throttle valve 94 maintain the desired pressure within -the
chamber 40.

15 The substrate support member 42 generally comprises a
pedestal plate 44 disposed within a recess 46 on a top surface
of an alumina insulator plate 48. The top surface of the
pedestal plate 44 extends slightly higher than the upper
surface 52 of the insulator platé 48, and is in contact with a

20 central portion of the bottom surface, or backside, 58 cof the
substrate 54. Preferably the pedestal plate 44 comprises
alumina and it is connected to the power source 80 tO provide
a bias to the substrate 54. The peripheral portion of the

substrate 54 extends above the upper annular surface 52 of the



pedestal plate 44 disposed within a recess 46 on a t.op surface :
alum na insulator plate 48. The top surface of the pgdestal plasg 22[]GETZW3
extends slightly higher than the upper surface 52 of the insulator plate

48, and is in contact with a 20 central portion of the bottom surface, or
backside, 58 of the substrate 54. Preferably the pedestal plate 44 ’
conprises alumna and it is connected to the power source 80 to provide a
bias to the substrate 54. The peripheral portion of the substrate 54

ext ends above the upper annular surface 52 of the 5 2 0 9CT 2003 i nsul ator
plate 48 and forns a gap 56 between the bottom surface 58 of the substrate

54 and the. yppes,-syifecesp2 '
S 4952208 EBemsi Asykpt 66 pkatvee#8 thier éfcartaipl y t he ca
56 has a elgﬁt Ee?meen about 5 mls aﬁd abol-it 15 mls to prevgnt t he P

PhasT TLOMk2sLoRhlLRohOC-hBCksLIE oh bha suBsloRes bt B8 ot adde of

rnsul’ a ate has a dianeter at |east as great

as the dianmeter of the outer_edge of .th bst ; Racksd
o that LRBubaERS BLS8 8 BRTSECEAt § e Bedbsl2F B A6 Ui O RTT
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the sl ope of the beveled portion 60 is between about 10 to about 60 v
degs ees fe@Ahanhoehegobkakside of the substrate 54. The outer edge of

the surface752 of the insulator plate 48 has a diameter at

least as great as the diameter of the outer edge of the

substrate 54 and the backside 58 so that the backside 58 1is

contacted to the pedestal plate 44.

10 A beveled portion 60 of the alumina insulator plate 48
extends from the outer edée of the upper plate surface 52 in a
downward slope. Preferably, the slope of the beveled portion
60 is between about 10 to about 60 degrees from a horizontal
plane. As shown in Fig. 1, the slope is about 45 degrees.

15 Optionally the substrate support 42 includes a temperature
controller or a heater (not shown) to control the temperature
of the substrate during processing.

In operation, the substrate 54 is positioned on the
substrate support 42 and the chamber 40 is evacuated to

20 provide a vacuum environment. A processing gas comprising
helium as a carrier gas and a halogen-containing gas is
introduced through the gas inlet 76 into the processing region

90. The gas flow rates of the reactive gases 1s adjusted as

desired as will be further explained below.



pl ane. As shown in Fig. 1, the slope is about 45 degrees. 15 Cptiona%%ﬂQR&mz
substrate support 42 includes a tenperature controller or a heater (not
shown) to control the tenperature of the substrate during processing. In
operation, the substrate 54 is positioned on the substrate support 42 and
the chanber 40 is evacuated to 20 provide a vacuum environnent. A
processi ng gas conprising heliumas a carrier gas and a hal ogen-cont ai ni ng
gas is introduced through the gas inlet 76 into the processing region 90.
The gas flow rates of the reactive gases is adjusted as desired as will be
further explained below 6 200CT 703 To initiate the reaction, a plasma of

t he processi ngogasitiisxteuntdd yegrnerat ed iplddrea prhcEssi pgoregsong 99as

t hrough inductive coupling and/or capacitive coupling. The initial plasm

i's struck;ly,apphyl 8;%1&%(%& ad hensyhsddal £ syppesiott206 ehrbegneen about
1 watt and about 500 Watts, preferably between 50 and 300 Watts of power,

using a frequency of gtyee t‘%¥0 kHz,d o ?ﬁéﬁg 00\, f,01 5 21 short
peri od of "¢ Fné?%agogﬁgu%ﬁg Egﬁgﬁgé? %3|n|%i%. A4S can é solge
generated_by applying p r to the inductive coil 98.. During 10 _progcessing,
power ofpﬁé?W€eﬁSa55%Fe%“%ﬁtaﬁﬂﬁ¥%ﬂﬁnﬁoﬁﬁﬁxFovﬁT?s?u?ﬁ%fﬁng?§p$?5§1%%out
100 to 400 Watts, at a frequency

5 of between about 1 Watt and abecut 500 Watts, preferably

between 50 and 300 Watts of power, using a freguency of
between about 100 kHz to about 100 MHz for a short period of
time, as about 3 seconds. The initial plasma can also be
generated by applying power to the inductive coil 98. During
10 processing, power of between about 1 Watt and about 1000
Watts, preferably from about 100 to 400 Watts, at a frequency
of from between about 100 kHz to 60 MHz, sustains a plasma in
the processing region 90 inductively. A plasma in the chamber
40 can be sustained by inductive coupling alone, by capacitive
15 coupling alone, or preferably by a combination of the two.
The etch time is adjusted to remove the native oxide from
the bottom of openings in the substrate. Removing about 100 to
500 angstroms of material from the bottom of the openings
should remove all of the native oxide, but without sputtering
20 any oxygen-containing species onto the sidewalls of the
openings. If a barrier layer is used to line the openings
prior to depositing a conductive layer, as is known, the
presence of oxide on the sidewall would degrade the barrier

layer and device guality.




of from between about 100 kHz to 60 Mz, sustains a plasma in. the?.00CT. 2003
processing region 90 inductively. A plasna in the chanber 40 can be
sust ai ned by inductive coupling al one, by capacitive 15 coupling alone, or
preferably by a conbination of the two. The etch tine is adjusted to renove
the native oxide from the bottom of openings in the substrate. Renoving
about 100 to 500 angstrons of material fromthe bottom of the openings
shoul d renmove all of the native oxide, but wthout sputtering 20 any
oxygen-contai ning species onto the sidewalls of the openings. If a barrier
layer is used to line the openings prior to depositing a conductive |ayer,
as i s known, trhe aproesepee dfadxilde chmridee sicdews lusgollak dexprtade the
barrier layer and device quality. 7 2000T 2003 The above PreC ean |

chamber ﬁa?téec%%%e%s RaflenPirat Baldlitehareers feystemdthatsyes mirdse
transfer of the substrate from one processing chanber to anot her w thout

r enovi ngf%:%ﬁx substrate f.r%mc\f%%térp tg’g%ﬁéot}g%f)é’? 3 & OfertdieiSybstgate to

5 oxygen. TRy E%?F&ﬁﬁﬁ?-disc osed In US Patent

4,951, 601, which is incorporated herein by reference. ., In _accor ce.wth
the i nveﬁtlbéﬁ?aéehiféﬂ”yvtat%’é‘ﬂ'vé‘“g[ (?Eléﬁ"ﬁ & Yedcts vsel%;sgrggg fo
hal ogen-containing gas mxed wwth a carrier gas such as heljum_ is

enp$ oyedokygranpveichiat wystem is disclosed by Maydan et al in US
Patent 4,951,601, which is incorporated herein by reference.
In accordance with the invention, a highly reactive
etchant gas of a reactiye halogen-containing gas mixed with a
carrier gas such as helium, is employed to remove native
10 oxides such as silicon oxide. Suitable reactive halogen-
containing gases include nitrogen trifluoride, carbon
tetrafluoride, sulfur hexafluoride, carbon tetrachloride,
bofon trichloride and the like. In the plasma region of the
chamber as described above, the halogen-containing gas breaks
15 up into lightweight ions and radicails which react rapidly with
native oxides. The helium atoms also ionize in the plasma,
providing increased excitation to the halogen-containing
molecules and increasing their dissociation. The reactions
that occur in the plasma between an etchént mixture of the
20 invention, such as nitrogen trifluoride and helium, and
silicon oxide, as one example, can be summarized in the

reactions given below.



10 oxides such as silicon oxide. Suitable reactive hal ogen- containiEQUCsz3
gases include nitrogen trifluoride, carbon tetrafluoride, sulfur
hexaf | uoride, carbon tetrachloride, boron trichloride and the like. In the
pl asma region of the chanber as descri bed above, the hal ogen-contai ni ng
gas breaks 15 up into |ightweight ions and radicals which react rapidly
with native oxides. The heliumatoms also ionize in the plasma, providing
increased excitation to the hal ogen-containing nolecules and increasing
their dissociation. The reactions that occur in the plasma between an
etchant mxture of the 20 invention, such as nitrogen trifluoride and
hellun1 and B) INEQH oxi-deyFas -orke- exanpl e, can be sumari zed in the
reactions given below 8 2 0 0 0 T 2003 1) NF" + e -. NF,,.I +F 2) F +

e- -. F + 2e-2§)F4F++eS'92Fu+SbE4 i + C 1 Thus the overall reaction is: 5
4) 3 SI2 + 4 NF3 -- 3 SiF4 1+ 2 N2 1 + 3 02 1 Since the iojis forned in

the pl asna er Epe eggE@nL LXtur.e light i [ [ [
shbhxtiureare light in weight, little sputterin
occurs and they]preéleanzstep ober&ie by a reaction between the igns and °

Thus the overall reaction is:

5 4) 3 Si0, + 4 NF, = 3 SiF, 1 + 2 N, 1 + 3 O, |

Since the ioms formed in the plasma from the etchant
mixture are light in weight, little sputtering occurs and the
preclean step operates by a reaction between the ions and
radicals in the halogen-containing plasma and the silicon

10 oxide on the substrate. The relative amount of reactive
halogen-containing gas such as nitrogen triflucoride is kept
low, generally below about 20 percent, to maintain a low etch
rate and to prevent removal of more material than is necessary
to remove the native oxide. Little sputtering occurs due to

15 the light weight of the halogen-containing gases and helium
molecules.

However, to further aid in the above process, the
addition of a) argon or b) a mixture of hydrogen gas and
argon, can reduce the oxide and/or sputter the oxide, aiding

20 in its rapid reaction and removal from the bottom and
sidewalls of very high aspect ratio openings.

The invention will be further illustrated by the

following example, but the invention is not meant to be



radicals in the hal ogen-contai ning plasma and-the-si-li-con 10 oxi-de- A GCA00
substrate. The rel ative anount of reactive hal ogen-containing gas such as
nitrogen trifluoride is kept |ow generally bel ow about 20 percent, to
maintain a low etch rate and to prevent renoval of nore material than is
necessary to renove the native oxide. Little sputtering occurs due to 15
the Iight weight of the hal ogen-containing gases and helium nol ecul es.
However, to further aid in the above process, the addition of a) argon or
b) a m xture of hydrogen gas and argon, can reduce the oxi de and/or

sputter the oxide, aiding 20 in its rapid reaction and renoval fromthe

bot t om angmiskdenal theoflevary shilghcaspedt thetiednopeni ngs. The invention

will be further illustrated by the follow ng exanple, but the invention is
not meang, Lo hec9 2 9 OCT 2003 limted to the details described therein.
Exanpl e es Th & reactor as described in Fig. 1, a substrate of silicon
havi ng a nati e OXIde Ia er t a ng hiyg ectogatio

openi ngs of 1 D13 REFREC op sgg ggggt e?go?géasgexgogggéF%%g pl asma for med
froma mxture of 10% atom ¢ concegtr?tion %%enltr%geg 'd{Hé‘#iéH“j 90%

atomi ¢ Silicon having a native oxl ayver reov

5 aspect ratio openings of 12:1 in the top surface thereof was
exposed to a plasma formed from a mixture of 10% atomic
concentration of nitrogen trifluoride and 90% atomic
concentration of helium which was passed into the chamber at a
flow rate of 50 sccm. The chamber pressure was 50 millitorr.

10 The bias to the substrate was varied and etching was

continued to remove 500 angstroms of material from the
substrate. The time required to remove the oxide was measured.

The results are summarized below in Table I.

TABLE 1
15 Example Plasma/Bias (W Etch Amount; A Time, sec.
1 300/300 500 52.2
2 200/400 500 47.5
Control* 300/300 500 93.5
* Argon gas alone
20 Thus using the reactive etchant mixture of the invention,

the etch time was reduced almost by half, and the amount of
material removed from the top of the openings and from the
bottom of the openings was much more equal than when using a

sputtering gas of argon as the etchant.

10



concentration of heliumwhich was passed into the chanber at a flow rajeqqCT 0
of 50 sccm The chanber pressure was 50 mllitorr. 10 The bias to the
substrate was varied and etching was continued to renove 500 angstrons of
material fromthe substrate. The tine required to renove the oxi de was
measured. The results are summarized below in Table |I. TABLE | 15 Exanpl e
Plasma/Bias (W Etch Ambunt A Tinme sec. 1 300/300 500 52.2 2 200/400 500

47.5 Control* 300/300 500 93.5 * Argon gas _al gne T | ng the
reactive etchant m xture of the invention, D[Or‘rﬂeeetté%tir}#é #gjsgreduced

al nrost by half, and the anount of material_ renoved fromthe t of .t he
openi ngs and Fiam Bhéllpsteamest thife tapEHiatys %%W?ﬁ}?@%q’g‘gﬁfm?%aWMen
using a sputtering gas of argon as the etchant. 10 2 0 O CT 2003 Docket
No. AM 3#36mFl g. 12anhBl hethated tite it HFemedh o etarid operd ng Therers | and
Exanple 1 and having a 12:1 AR with a depth of 2.8 mcrons and a dianeter
of 0.25 Mgl QRepbxrt Be Bobkomieirdrhe toper et tdecsischefopdmsng aper ed

shape, the openings can be filled with
Because of this tapered shape, the openings can be filled with
5 conductive material without the formation of voids.

It is apparent that all oxide ox dielectric material was
removed from the bottom of the opening, and there was no
deposition of material on the sidewalls of the opening.

The amount of matefial in angstroms removed from the top

10 surface of the substrate, called the field etch amount, and
the amount of material removed from the bottom surface of the
opening, called the bottom etch amount, were also measured for

the above examples and control. The data are summarized below

in Table IT.

15 TABLE II
Example Field Etch Améunt, A Bettom Etch Amount, A
1 585 473
2 | 724 542
Control 613 78
20 Thus the etch removal at the bottom of the opening was

much improved using the etchant mixture of the Examples.
Fig. 3A illustrates a profile of an opening formed in
silicon oxide as a Control.

Fig. 3B illustrates a profile of an opening formed in

11



oct .
5 conductive material without the formation of voids. It is apparenp t hat
all oxide or dielectric material was renoved fromthe bottom of the
opening, and there was no deposition of material on the sidewalls of the
openi ng. The anmpount of material in angstrons renoved fromthe top 10
surface of the substrate, called the field etch amount, and the anmount of
material renoved fromthe bottom surface of the opening, called the bottom
etch amount, were al so neasured for the above exanples and control. The
data are sunmarized below in Table Il. 15 TABLE Il Exanple Field Etch
Amount, A Bottom Etch Anpbunt, A 1 585 473 2 724 542 Control, 613 78 20
Thus t hesglthoneaside andt kpubseromteheths copeRPNG WaS 1 V495 oved usi ng
the etchant m xture of the Exanples. Fig. 3Aillustrates a profile of an
openi ng formegdigp. stl kedn3oxiideuas rat€ontieolreakicgvedl iddaisd ARENIFIS
profile of an opening fornmed in 11 silicon oxide and sputter etched to
renove natL¥ReaXkfesccofligfice3wiand t3 iinhsiiahne (Ehenihact ivelnd et ched
opsni ngs

respectively). The tapered sidewalls of Figs. 3C and 3D are
5 much easier to fill with conductive material.
Although the‘invention has been described in terms of
specific reaction chambers and reactive gases, one skilled in
the art will realize that other pre-clean chambers and other

etchant mixtures can be substituted, and are meant to be

10 included herein.

15

20

12



cleaned in accordance with the invention (Exanples 1 and 2 reSpectivng%qET2m3
The tapered sidewalls of Figs. 3C and 3D are 5 nuch easier to fill with
conductive material. Al though the invention has been described in terns of
specific reaction chanbers and reactive gases, one skilled in the art wll
realize that other pre-clean chanbers and other etchant m xtures can be
substituted, and are neant to be 10 included herein. 15 20 12 2 0. O E T
2003 W Caim 1. A nethod for renoving native oxide naterial fromthe
bottom of high aspect ratio contact openings which conprises etching the
openings with a. reactive plasma formed froma 5 precursor mxture of
hal ogen- dht&t®My gas and a carrier gas in a vacuum chanber to form
| i ght wei ght oxygen-containing reaction products, and %xh ustiqﬂithe
oxygen- coht gk riMaghe@ater oRePPYdNst 8aki¥m OFREEc RRHSEL 211 ¢ 20 A e thiffd-om
according to claiml wherein the halogen- containing gas is selected from
t he groupfLansgstamgeot rattrogentecif bperniidgs edylgdn aammrzfdemri de, sul fur
etching the openings with a reactive plasma formed from a
5 precursor mixture of halogen-containing gas and a carriexr gas
in a vacuum chamber to form lightweight oxygen-containing
reaction products, and
exhausting the oxygen-containing reaction products from
the chamber.
io 2. A method according to claim 1 wherein the halogen-
containing gas is selected from the group consisting of
nitrogen trifluoride, carbon tetrafluoride, sulfur
hexafluoride, carbon tetrachloride, and boron trichloride.
3. A method according to claim 2 wherein the halogen-
15 containing gas is nitrogen trifluoride.
4. A method according to claim 1 wherein the plasma is formed
from about 1 to about 50 atomic perceht of a halogen-
containing gas in a helium carrier gas.
5. A method according to claim 1 wherein the plasma precursor
20 gases further include hydrogen.

6. A method according to claim 3 wherein the plasma precursor

gases further include argon.
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hexaf | uori de, carbon tetrachloride, and boron trichloride. 3. A met RJHOCT 2003
according to claim2 wherein the hal ogen 15 containing gas is nitrogen
trifluoride. 4. A nethod according to claim1l wherein the plasma is forned
fromabout | to about 50 atomi c perce nt of a hal ogen- containing gas in a
heliumcarrier gas. 5. A nethod according to claim11 wherein the plasma
precursor 20 gases further include hydrogen. 6. A nethod according to
claim3 wherein the plasma precursor gases further include argon. 13 2 0 0
C T 2003 7. A nethod of renpving native oxide material fromthe bottom of
hi gh aspect ratio contact openings which conprises a) nounting a substrate
havi ng high zaspettod avf orepeningsnat heeecrida masabsalatfeosupper bothoa

pl asma chanmber fitted with 5 an external coil connected to a source of RF

power to FensicH GadhdtaspBrin tberpkasHpeshagberhiahseumnpeigkspover
connected to the substrate support to provide bias to the substrate, and

areey ™ ST BB RapLERLASEn deRert s prkhitnoe
gas; andQaefQQE“g%iQgsﬁéggggﬁgOgﬁgggkggiﬁegcéiggmgrQﬂgﬁbﬁrf%nged with
5 an external coil connected to a source of RF power to generate
a plasma in the plasma chamber, a source of power connected to
the substrate support to provide bias to the substrate, and an
exhaust system;
b) passing a plasma precursof gas mixture to the chamber

10 comprising a mixture of a halogen-containing gas and a carrier

‘gas; and

c¢) exhausting oxygen-containing reaction products from
the chamber.
8. A method according to claim 7 wherein the halogen-

15 containing gas is selected from the group consisting of
nitrogen trifluoride, carbon tetrafluoride, sulfur
hexafluoride, carbon tetrachloride and boron trichioride.

9. A method according to claim 8 wherein the halogen-
containing gas is nitrogen trifluoride.

20 10. A method according to claim 7 wherein the carrier gas is
helium.

11. A method according to claim 7 wherein the bias power:

applied is between about 1 and 500 watts.
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the chanber. 8. A method according to claim7 wherein the hal ogen- 152 00CT ;3 -
containing gas is selected fromthe group consisting of nitrogen
trifluoride, carbon tetrafluoride, sulfur hexafluoride, carbon

tetrachl oride and boron trichioride. 9. A nethod according to claim8
wherein the hal ogen- containing gas is nitrogen tri'fluoride. 20 10. A

nmet hod according to claim7 wherein the carrier gas is helium 11. A

nmet hod according to claim7 wherein the bias power- applied is between
about 1 and 500 watts. 14 200CT?I1( 12. A method according to claim?7
wherein the RF power applied to the coil_is between about 1 and 1020
watts. 132 .ARMTEERSESESSIHHNT ¢TI FAM O e EE H° t Hae pREsRav“epr 8BRIE6F gas
m xture further includes hydrogen. 5 14. A nmethod according to claim10
wher ei n the thleasd 1 preedtsorergasontxturand ik b@erwabesudes argon. 15. A

met hod according to claim7 wherein the plasma precursor gas m xture

further ijAcl ydes tA@OBcdd:d Hhdraidiod Hfm reaovhege pat tne pXadmamaterial from
the bottom 10 of high aspect ratio contact openings which conprises a)
mount i ng .3 SNSRI DA% FuASReEt i K@l he OPBPEPGSen .
5 14. A method according to claim 10 wherein the plasma
precﬁrsor gas mixture further includes argon.
15. A method according to claim 7 wherein the plasma precursor
gas mixture further includes argon.
16. A method of removing native oxide material from the bottom
10 of high aspect ratio contact openings which comprises
a) mounting a substrate having high aspect ratio openings
therein on a substrate support in a plasma chamber fitted with
an external coil connected to a source of RF power to generate
a plasma in the plasma chamber, a source of power connected to
15 the substrate support to provide bias to the substrate, and an
exhaust system;
b) passing a plasma precursor gas mixture to the chamber
comprising a mixture of nitrogen trifluoride and helium,
c) applying from 50 to 300 watts cf power to the
20 substrate support and from 100 to 400 watts of power to the

external coil to form a plasma in the chamber, and

d} exhausting oxygen-containing reaction products from

the chamber.

15



therein on a substrate support in a 'plasma chanmber fitted with apq0CT 2003 - -
external coil connected to a source of RF power to generate a plasma in

t he plasna chanber, a source of power connected to 15 the substrate support
to provide bias to the substrate, and an exhaust system b) passing a

pl asma precursor gas m xture to the chanber conprising a m xture of
nitrogen trifluoride and helium c¢) applying from50 to 300 watts of power
to the 20 substrate support and from 100 to 400 watts of power to the
external coil to forma plasma in the chanber, and d) exhausting
oxygen-contai ni ng reaction products from the chanber. i52 0 0 C T 2003
17. A netlhod faceetbibdgatooranm 16 wherasi dét whemetinogdye ntitirokgor i de
concentration in heliumis from1l to. about 50 percent. 5 10 15 20 16

trifluoride concentration in helium is from 1 to about 50

percent.
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