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Field of the Invention 5 This invention relates in generumru?wé
pl asma process technol ogy, and nore particularly, to inductively
coupl ed plasnma systens and to associ ated etching and deposition
processes. BacEPround of the Inventjon 10

As sem conduct or devi ce technology grows intconplexity, nore a 02896Apr e

device functions are incorporated into smaller and snaller device
geonetries. Devi ce NPYCIIVELY COUFIED PLIGMA REACTOR ANDIROCESS
apparatus to neet the demands for high precision device ulta-I|arge-scale-
15 integrated (ULSI) device fabrication. However, processing costs
correspondi ngly increase with the Gl efkilHe/Irferitiom pr ocessi ng equi prent ,
and the equi pnent beconmes nore expensive to purchase and to nmai ntain.

To address the increased production costs, manufacturers increase the size
of sem conduct or suFhisrinventiopaelais irh general) ta acplasinagpriocestetechnelogys 20

formed. By inc ' . *L‘m;)zr t: E{h& | déiﬁ:fl n can be
reduced. Todayéﬁgébng%o%%glgtﬁor t?el?lg. 5a§$1 g é*lﬁ;ér&epg%zﬁ%g'#ﬁ%r rmlrt(g are
conmon i n st at assefiatesh etghing apdidepasifion peedessdses. Wil e the increased

waf er di aneters have enabl ed manufacturers to fabricate | arge nunbers of
devi ces on a single substrate, eat difficulty can be experienced
controlling 25 the unifornity aCﬁSB‘P‘F‘E%tq? eJn¥ertieRs applied to | arge

di ameter 10 sem conductor wafers.

As semiconductor device technology grows in complexity, more and
more device functions are incorporated into smaller and smaller device
geometries. Device manufacturers require sophisticated processing
apparatus to meet the demands for high precision device ulta-large-scale-

15 integrated (ULSI) device fabrication. However, processing costs
correspondingly increase with the complexity of the processing equipment,
and the equipment becomes more expensive to purchase and to maintain.
To address the increased production costs, manufacturers increase the size
of semiconductor substrates upon which integrated circuit devices are

20 formed. By increasing the substrate size the unit cost of production can be
reduced. Today, semiconductor wafers having diameters of 8" or more are
common in state-of-the-art fabrication facilities. While the increased
wafer diameters have enabled manufacturers to fabricate large numbers of
devices on a single substrate, great difficulty can be experienced controlling

25 the uniformity of fabrication processes applied to large diameter
semiconductor wafers.

In the plasma etching process, many factors can impact the
uniformity of etching a material layer deposited on the surface of a
semiconductor wafer. These factors include the plasma uniformity, the

30 ion flux uniformity at the wafer surface, the reactant gas supply to the
etching system, and the removal of reaction products across the surface of
the wafer. Traditional plasma etching reactors are designed primarily with
one power source, in which to create the plasma, and one injection point
to introduce process gases. By limiting the system to a single power source

35 and gas supply, the etching systems ability to optimize the etch rate
uniformity of the process across a large diameter wafer is very minimal.
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sizes. These systems operate at much lower pressure than diode systems

yet are capable of generating a high density plasma. Systems such as ECR

and ICP etching systems also offer an advantage over conventional diode

i5 etching systems by eliminating the exposure of the semiconductor
substrate to high electrical fields. By decoupling the substrate from the
plasma generating elements of the reactor, ion transport efficiency and ion

Q

(

anisotropy can be enhanced yielding greater process control.
 In plasma deposition technology, similar uniformity limitations
20 exist as wafer diameters increase. Better deposition uniformity is usually
achieved at extremely low operating pressure. However, at low pressure,
high density plasmas are required to deposit a thin-film layer on a large
diameter substrate having a uniform thickness.
At present, neither plasma etching systems nor plasma deposition
25 systems offer any means of spatially varying the plasma to address etching
and deposition uniformity with large diameter semiconductor substrates.
Accordingly, further developrhen’c of reactor design and etching process
technology is necessary to uniformly etch material layers overlying large
diameter semiconductor wafers.
30
Summary of the Invention

In practicing the present invention there is provided an inductively
coupled plasma reactor and a process for either etching or depositing a
35 material layer using the inductively coupled plasma reactor. The plasma
reactor of the invention contains a coaxial multiple coil plasma source
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3 surrounding each channel, and the gas flow rate and the gas composition
emerging from each of the channel within the plasma source. In the same
manner, a material layer is deposited onto a substrate while spatially
controlling the plasma density and composition. Highly precise and

15 uniform etching and deposition is obtained by independently controlling
the plasma density and composition in correspondence with the radial
distance along the surface of a semiconductor wafer. |

Brief Description of the Drawings
20 :
FIG. 1 is a schematic diagram of an inductively coupled plasma
reactor arranged in accordance with one embodiment of the invention;
FIG. 2 illustrates, in cross-section, a portion of a plasma source
arranged in accordance with the invention;
25 FIG. 3 illustrates a top view of a gas plenum suitable for delivery of
process gases to the plasma source of the invention;
FIG. 4 illustrates, in cross-section, an alternate embodiment of a
plasma source used in the inductively coupled plasma reactor illustrated
in FIG. 1;
30 FIG. 5 illustrates in cross-section, a further embodiment of a plasma
source suitable for use in the inductively coupled plasma reactor shown in
FG. 1;
FIG. 6 illustrates a top view of a generalized deplctlon of a
semiconductor wafer; and



nmounted within a reaction chanber. The plasnma source is in spaced
rel-ationship with a chuck configured for accepting and supporting a

sem conduct or wafer thereon. The plasma source includes a plurality of
channel s, each channel having an i ndependently controlled gas supply 5 and
an i ndependently controlled RF coil surrounding the channel. In
operation, a sem conductor -wafer is placed4on the chuck and a gas

control systemis actuated to charge the reactor with plasnma-form ng gas.
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is surrounded by an independently powered RF coil and contains a process
gas orifice. Gas control mechanisms are provided such that the process gas
. flow rate and composition can be independently varied in each channel
20 within the plasma source.

The present invention also contemplates a process in which a
material layer is deposited or etched. In the etching process, the
semiconductor wafer is placed on a chuck mounted within the plasma
reaction chamber. The chuck is mounted in spaced relationship with the

25 plasma source, such that the center of the semiconductor wafer is opposite
the central channel in the plasma source. By positioning the
semiconductor wafer relative to the channel configuration of the plasma
source, the variable plasma density and composition generated by the
plasma source results in localized control of the etch rate across the

30 semiconductor wafer. Thus, the etch rate of a material layer overlying a
semiconductor wafer can be independently varied across the diameter of
the semiconductor wafer.

In the deposition process, the semiconductor wafer is positioned on
the chuck, and a material layer is deposited onto the semiconductor wafer.

35 The positional correspondence with the plasma source enables a



sem conduct or wafer; and 4
FIG 7 illustrates, in cross-section, a portion of a sem conductor

waf er having an overlying naterial |ayer to be etched in the inductively
coupl ed plasna reactor of the invention. It will be appreciated
that for sinplicity and clarity of illustration, 5 elenents show in the
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through the localized plasma density control provided by the present

invention.
Shown in FIG. 1 is an ICP reactor 10. Inductively coupled plasma
reactor 10 includes a processing chamber 12 housing a chuck 14. A plasma
15 source 16 resides in an upper portion of processing chamber 12 in opposed
spatial relationship to chuck 14. Processing chamber 12 is supplied with
RF power from an RF power supply system 18. As will subsequently be
described, RF power supply system 18 contains a plurality of independent
RF power supply generators each capable of operating at an independent
20 power level and frequency. Processing chamber 12 is also supplied with
processing gases from a gas supply system 20. As will subsequently be
described, gas supply system 20 is capable of supplying processing gas to
processing chamber 12 in multiple independent gas feed lines. Vacuum
pressure within processing chamber 12 is controlled by vacuum system 22.
25 Reaction products and processing gases are withdrawn from processing
chamber 12 through vacuum panel 24, which in a preferred arrangement,
resides in processing chamber 12 below chuck 14 and coupled to vacuum
line 26. Those skilled in the art will appreciate that other processing
chamber designs are possible and that different vacuum port arrangements
30 are possible. In addition, temperature control of chuck 14 can be provided
by a cooling system (not shown). Either liquid or gas coolant can be
transported through cooling channels embedded in chuck 14.
In operation, a semiconductor wafer 28 is placed on chuck 14 and
processing gases are introduced into processing chamber 12 from gas
35 supply system 20. A desired vacuum pressure is obtained within
processing chamber 12 by vacuum system 22 and RF power is applied from



sem conductor wafer is placed on a chuck nounted within the plasma
reacti on chanber. The chuck is nmounted in spaced relationship wth the 25
pl asma source, such that the center of the sem conductor wafer is opposite
the central channel in the plasm source. By positioning the

sem conductor wafer relative to the channel configuration of the plasnma
source, the variable plasma density and cénposition generated by the

pl asma source results in localized control of the etch rate across the 30
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Processing gases are distributed to central channel 38 and first
channel 44 through a circular plenum cap 48, shown in top view in FIG. 3.
Plenum cap 50 houses inner gas plenum 40 distributing gas to central

15 channel 38. Correspondingly, plenum cap 52 distributes gas to outer gas -
plenum 46. Gas feed line 36 is attached to plenum cap 50 in a central
portion thereof. Gas feed line 35 can be attached to plenum cap 52 at
numerous sites, as illustrated in FIG. 3. Similarly, gas orifice 43 is
provided at numerous locations around the circular geometry of first

20 channel 44.

As illustrated in FIGs. 2 and 3, first channel 44 is concentric about
central channel 38. In one embodiment of the present invention, '
additional channels within plasma source 16 are also concentrically
arranged about central channel 38 and first channel 44. For example, the

25  outer most channel illustrated in FIG. 1 is concentric about first channel

44. By successive concentric arrangement, numerous channels can be
configured within plasma source 16 depending upon the desired degree
spatial control of plasma 30.
As illustrated in FIG. 2, a central RF coil 54 surrounds central
30 channel 38. Additionally, a first RF coil 56 surrounds first channel 44.
Both central RF coil 54 and first RF coil 56 are independently controlled by
RF power supply system 18. Each RF coil can supply an independent
power level and RF frequency to the processing gases within the enclosed
~ channel. RF coils 54 and 56 are separated from the processing gases within
35 each channel by a dielectric housing 58. Electrical current traversing the
RF coils inductively couples with processing gas species to ignite a plasma



10 sem conductor wafers having | arge diameters can be uniformy processed
through the localized plasma density control provided by the present

i nventi on. Shown in FIG 1 is an ICP reactor 10. Inductively
coupl ed pl asna reactor, 10 includes a processing chanber 12 housing a
chuck 14. A plasma 15 source 16 resides ig an upper portion of processing
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15 semiconductor wafer 28.

An alternate configuration is illustrated in FIG. 5. In th1s
embodiment of the invention, central channel 38 is vertically separated
from semiconductor wafer 28 a greater distance than first channel 44. By
varying the vertical separation distance between components of plasma

20 source 16 and the semiconductor wafer being etched, an additional degree
of control is provided for varying the plasma conditions across the surface
of the semiconductor wafer. Furthermore, the variable plasma conditions
can be combined with varying degrees of RF bias applied to chuck 14 to
enable even more precise control of ion bombardment upon

—

25 semiconductor wafer 28.
In a further embodiment of the invention, RF shields are positioned
outside of each coil in plasma source 16. As illustrated in FIG. 5, a central
RF shield 60 surrounds central RF coil 54, and a first RF shield 62
surrounds first RF coil 56. RF shields 60 and 62 minimize the RF
30 interference between the independently powered coils in plasma source 16.
The RF shields can be constructed from a conductive material such as
aluminum, or alternatively a high-permeability, ferromagnetic material,
such as a ferrite material.
Through the selection of proper materials of construction, RF
35 shields 60 and 62 can enhance the magnetic field within each channel by
confining the magnetic field to the immediate region of the RF coils that



6 . RF power supply system 18 igniting a plasma 30. In the case of

pl asma etching, the bombardment energy of ionized species wthin
pl asma 30 upon sem conductor wafer 28 is further controlled by
appl yi ng an RF bi as to chuck 14 from RF bias power supply 32. 5

As depicted in FIG 1, pl asma source 16 cgntai ns numerous channel s
w th each channel suppl I ed by independent ®gas feed |lines 34, 35, and 36.
FIG 2 illustrates a portlon of plasma source 16 in expl oded
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central 54 surro centra
The process of the present mventlon contemplates the removal of many
different kinds of materials commonly used in the fabrication of integrated
circuit devices. For example, material layer 66 can be a semiconductor
‘material, such as polycrystalline silicon, or a refractory metal silicide, or

20 the like. Additionally, material layer 66 can be a conductive material, such
as aluminum, aluminum alloyed with silicon, aluminum alloyed with
silicon and copper, elemental copper, and the like. Furthermore, material
layer 66 can be a dielectric material, such as silicon dioxide, silicon nitride,
silicon oxynitride, boron oxynitride, and the like.

25 In practicing the present invention, where material layer 66 is a
semiconductor material, halogen and halogenated processing gases, such
as chlorine, hydrogen chloride, chlorinated halocarbons, fluorine and
fluorinated compounds, chlorofluorocarbons, bromine, hydrogen bromide
, iodine, hydrogen iodide, and the like, and mixtures thereof can be used to

30 etch the material. Also, where material layer 66 is a dielectric material,

fluorine, hydrogen fluoride, fluorinated halocarbons, and the like, and
mixtures thereof, can be used to etch the material. Where material layer
66 is a conductive material, processing gases can include fluorinated
compounds together with chlorine and chlorinated boron compounds.

_)

35



30 channel 38. Additionally, a first RF coil 56 surrounds first channel

44, Both central RF coil 54 and first RF coil 56 are independently
control |l ed by RF power suppl y system 18. Each RF coil can supply an
i ndependent power |evet and RF frequency to thé processing gases
within the enclosed channel. RF coils,54 and 56 are separated fromthe
processing gases within 35 each channel b%/ a dielectric housing 58.
El ectrical current traversing the RF coils inductively couples with
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ed i t w r ze that
by i ndepd Popttion Fhﬁﬁk Ziaﬁ regftor Ci‘r?d Eﬁ%uppl yi ng

each channel Weh&rrpaﬁe&ﬁﬁwe@asemmg 6hndm,as rtmmaitgl arettically

Cource 16, gn%d' e ik %ﬁ@fﬁ%@@"ﬁ%ﬁfmﬂ‘gf S?ﬁm‘?élas”‘"

Zourp? 16 g e@efsemmsdantorawafm@ﬁeWIﬂfﬂmmnwnchhmmﬂ e pl asma
ensity an § | enbodi t
of an 1 CP PIP%%‘& R 16,306 16cef ac%i%é%"sé%b@%‘ Iﬁm‘él‘é’g’g? on are
illustrated i rsemmnductposu mais 281ean be independieat Y &heed by

sem conduct or .
separation di siﬁﬁnce bet xlasmal&gn&tﬁdt&%ﬂ@%ﬁ% [hsih‘a y@iﬁé”@ Incthis

surface of serfnaBRER eeé#‘gﬁwanﬁp %‘%Et‘:h rate Pf Bﬁ%‘?ﬁ %é'er %‘8 P éﬁalf‘e&c 3HF]f1aI
channel 3§pi s that ﬁ{aléﬁapragér Bbtif proximity to ¢he peninetepP isaftehied8, whi | e

S e kSl pS ARG AT R GO o CPi o2
the various location 64 across semiconductor wafer 28.

In the case of plasma deposition, a material layer, such as material
layer 66, is deposited onto semiconductor wafer 28. For deposition,

15 processing gases are introduced into processing chamber 12 from gas
supply system 20 that will undergo a plasma induced reaction and form a
thin-film layer on semiconductor wafer 28. For example, where a
semiconductor material, such as polycrystalline silicon is to be.deposited, a
silicon-containing gas, such as silane, or halogenated silane, such as

20 dichlorosilane, is introduced. Where a dielectric material, such as silicon
dioxide or silicon nitride is to be deposited, a processing gas such as
tetraethylorthosilane (TEOS), halogenated silane and ammonia, and the
like, can be introduced. Furthermore, a refractory metal, or a refractory
metal silicide material, and the like can be deposited by introducing a

25 refractory-metal-containing gas.

Those skilled in the art will appreciate that the foregoing is only a
representative description of many different processing gases that can be
utilized by the present invention to either etch or deposit a material layer
in ICP reactor 10. The present invention contemplates the deposition and

30 etching of any and all materials capable of being formed in an ICP reactor.

To carry out the deposition of material layer 66, semiconductor
wafer 28 is positioned on chuck 14 of ICP reactor 10 in such a manner that
the center point, denoted "C" in FIGs. 6 and 7, is approximately vertically
aligned with central channel 38 in plasma source 16. Upon the positional

35 alignment of semiconductor wafer 28 with the concentric channels of
plasma source 16, the localized deposition rate at locations 64 across



enbodi-ment of the invention, central channel 38 is vertically separated
from sem conductor wafer 28 a greater distance than first channel 44. By
varying the vertical separation distance between conponents of plasma 20
source 16 and the sem conductor wafer being etched, an additional degree

of control is provided for varying the plasma condltlons across the surface
of the sem conductor wafer. Furthernore, ithe variable pl asnma conditions

can be conbined with varying degrees of RF bias applled to chuck 14 to

enabl e even . ' j aim I conduct or
waf er 28. %Caﬁaﬁbﬁﬁ'%? %%?Eenboc}gagﬁéﬁ | nvent| RF shi el ds
are positi onespatially mmfouéla@m itions genetated; by Rléﬁpééollﬁce jl@ In this

illustrated imahher, r‘adlﬁ &ﬁﬂfdlaifthed itfdH Patd SHOmateri20apE seefstral RF
coil 54, and a fir iunegs jrst RF.co 56. RF

't hi el
shi el ds 60 an%Ft‘B‘?ean ﬁ’ﬂ‘ﬁh iléattFF&'t‘RPsﬁ mp}g@{l 1, REQRERY Y th
i ndependerst | yp@dmetedP caelformed pidsitaneouslyewith. portions diwnakiriallagerié6 can

al tornat] vl you ah PR e BF oA b Ebg JoERrTes agrom sfbBrdiafl, o

ferrite mat erwafer 28. Through the sel ect | on of proper materials of
construction, RF 3 isbefibded R la&ﬂe ﬂﬁgﬁeﬂﬁ.& ield within
each channel gon??nl na e rra net Ic Tl e1 t1 ate region
of the RF coi qalg oration, practice e present mventmn and full rea 1ze 8

}ggyrzg(r: :rgrmgo &Sfdmtglaaﬁah@{ tdi&ha eﬁéhtaih@eﬁﬁbh‘-"tﬁék’cdrd dg1y ﬂﬁ] ti cult ar .
iyent i |l ustrate e a
appreci ate th %D&‘E??‘%B eﬁrﬁfeéﬂgeé‘éﬁdb%’%? m‘?r&r}f afu SieBtSo? falgd i nt oran\;/\ﬁ of

invention, and to not limit the invention in any way whatsoever.

EXAMPLEI
15 ;

Semiconductor substrate 28 is first subjected to a chemical vapor
deposition process to deposit a material layer 66 thereon. Semiconductor
substrate 28 is then placed on chuck 14 in ICP reactor 10. Processing gas is
selected depending upon the composition of the material layer to be

20 etched. For example, where material layer 66 is polycrystalline silicon,
halogen gases, such as chlorine, and hydrogenated halogen gases, such as
hydrogen chloride and hydrogen bromide, are introduced together with an
inert gas diluent. The total gas flow from gas supply system 20 is adjusted
to a value of between 40 and 200 sccm and vacuum system 22 is adjusted to

25 achieve a processing pressure of about 1 to 10 millitorr in processing
chamber 12. RF power is then applied from RF power supply system 18 to
RF coils 54 and 56 in plasma source 16. Preferably, about 100 to 5000 watts
RF is applied to RF coils 54 and 56. Further, about 0 to 5000 watts RF is
applied to chuck 14 from RFE bias power supply 32. The plasma etching of

30 the material layer is then carried out to completion.

EXAMPLE IT
Semiconductor substrate 28 is placed on chuck 14 in ICP reactor 10.

35 Processing gas is selected depending upon the composition of the material
layer to deposited. For example, where material layer 66 is epitaxial



t he plasma source configurations contenplated by the present invention. 5
The process control capability of the ICP reactor of the invention as
applied to the etching of a material |ayer on a sem conductor substrate

wil | now be described. Shown in FIG 6, in top view, is a generalized
depi ction of sem conductor wafer 28. _Sem conductor wafer 28 has a
generally circul ar geonetry char act eilzed by a radius "R' and by a

perimeter "P." 10 Sem conductor wafer 28 can be further characterized by a
plurality of gjlicon, &% afid sikvielHre tREodicéd & prbéeasimgOhaaribcImatict or
waf er 28 and sp 1c1|f ed b I’i\dlfﬂ dhst ce. The rrg 1 al di ibance

vari es from z@bgut@ & £low ratig., khe fota] gas.flew irpm,gas sHRRly spstem 20 1s

FIG 7 illustrafjestedito £value-cfabioutd0 secipcarid vacuimssystem2Alis tadjusted ¢o 15
28. A material_ layer 66 overlie he If f H& C r 28.

The process of? ep? gg‘é?ﬁss’inl&/@%#%'ﬁ cif’oar,ho%%& g’fzegé m't}8?£#r10bg§ce%@5 n

di fferent Bi nathanibereltZ2er RElpovearristhety applied from REF pawier supphnsystemntéty at ed
circult devi cqep o5l s£AANMGN SIESAL sBlirded62 PrferaBly, ABoft SOUS© As
material, such as polycrystalline silrcon, or are r?ctory netal_silicide,
or 20 the |i KR¥ isseppliecimRFycoilgSdand6 aty Sequeneyant peouf EudMEZ v e

mlalt eri g' Whi heurther, @bodt BEbRB0 ol DT s Bppliba 6 Ehvick 14Swhile dhaintdinifgium
al | oyed w

si l'i.con and copper,, el enent capper, .and the |jke.
Furthermore, fivekilfata temp%ﬁ%%t@@ﬁ&ogog (gcﬁ&\ecplﬂﬁm@r epostignaf 45
silicon diigxi de rahateridayeér isithen carried Diutito @ongpdetionr i de, bor on
oxynitride, -and thesl i ke.. 2 | Gl I ' don,
where nmaterial | aygth%sGﬁilg a%paren.t m%%%@%%%%ﬁ%%%ﬁﬁ%ﬁ%oé@ﬁ%
hal ogenat ed prthednvengonasr inductively couplessplasms rea@torrmd aganiecess 91i de,

chlorinated haétggi?]{gbé’ ) tefial BiyeR Cwhikh fully mekt H¥ h&@él?%ﬁiéﬁg@@fﬁi% above.

odi de, and t relERPRE theorFRtioh hesiteenddsscendiand, bistased ovith refiienes
T o 1300 e I it el vosmid at e
i ;? ures t hgr e‘&?’ ,entiﬁﬁulff’ehﬁtg&f{ lt%%??nhﬁ’r?éraﬁillé’tee?m Pa“&ﬁ’éa&e m?%q' flél?lbfiaf?er
66 i s a conducthievart velllerdcagnizer that variationsand madificationdecahl heomadset ed
compounds ¢ Og%ﬁfouwc{e?,am@&&ﬁ ARG pHAt BF HA LRt "F6P BRAMBIS -thdS
present- invention contemplates the etching of material layers having a
20 lithographic pattern previously defined for the purpose of creating various
device structures, such as gate electrodes, electrical contacts, electrical
interconnects, and the like. Furthermore, the invention contemplates the
use of many different kinds of chemical agents for the deposition or
etching of a wide variety of materials used to form thin-film layers in
25 semiconductor devices. It is therefore intended to include within the
invention all such variations and modifications as fall within the scope of
the appended claims and equivalents thereof.

D,




9 . To carry out the etchi ng of material |ayer 66, seni conduct or
waf er 28 I s positioned on chuck 14 of ICP reactor 10 in such a manner

that the ---eeMeL_pmm denoted "C" in FIGs. 6 and 7, is approximtely
ned with central channel 38 in plasma source 16. Upon
the pos ﬂﬂ'ﬁ"'"?" ,ﬂu nt of sem condugtior wafer 28 with the concentric
channel urce 16, the lotalized etch rate at |ocation 64
acr oss seni conductor substrate 28 can be i ndependently controlled by
t he spatially variant plasma conditions generated by plasma source 16.
In this manner, radial control of e.etch rate of material |ayer 66

Is attained, such 10 that material |ay A in proximty to the perineter
Pis etched We chiimil taneously with portions of material |ayer 66 at
center point C, and at the various |ocation 64 across sem conduct or
waf er 28. In the case of plasma depaqsitio a materj al g/
such as material 1. A pugesss éex, fabsicatipg# semicopdyctas %%%WFI%EQ} 28
For depositi Oftend af: proce55| ng gases are introduced into proce55| ng chanber
12 from gas P supp ystem 20 that wil | uggﬁer 0.a EI |nduceg.
reaction and form a Pr?‘ﬁﬂhng A Rlasmg deacier ?ﬁ‘?&‘?ﬂ: %t‘%% T
exanpl e, where a sem copliuseihd gefigdationategion ahdas seuoingcplastra | i ne
silicon is to be deposited, a si |i con- ane,
or hal ogenated silane, such §@%h°r'dlr8ﬁ°&'g€$?§%te#ﬁg§% g?n&gucegég%‘f{ere a
dielectric material, such ashaving;arpermietedlehemmdhe§EC¢mb|1P1aﬁma| de is to
be deposited, a processing g o\ Hﬁé%éﬂ ehd FiERS) .
Eanahifion fegion sub TR e B

hal ogenat ed silane and ammont e 1 ntroduced.
Furthernore, a refractory rrep&asm@rgeaetaémrtaé%g;pp metal silicide

material, and the like ¢3drikg adfRRRbAGHCHY subbfrafbiwifhin dhe plasma reactor ;
using the first plasma generation region and the second
plasma generation region to generate a plasma within
the plasma reactor ; and
processing the semiconductor substrate in the plasma reactor
using the plasma. '

2. The process of claim 1, wherein the step of providing the plasma
reactor is further characterized as providing an inductively coupled
plasma reactor.

3. The process of claim 1, wherein the step of providing the plasma
reactor the first plasma generation region and the second plasma
generation region are further characterized as being concentric.

4. The process of claim 1, wherein the step of providing the plasma
reactor comprises providing a plasma reactor wherein the first plasma
generation region is further characterized as comprising a first channel
region surrounded by a first coil and the second plasma generation region
js further characterized as comprising a second channel region surrounded
by a second coil.
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25 refractory-netal -containing gas. Those skilled in the art
w Il appreciate that the foregoing is only a - representative

descri pt Jmmmmﬂgm’m rent processing gases that can be utilized
by the i to either etch or deposit a material |ayer
in | CP reactor "10" The present i nvention g ?nterrpl ates the deposition and 30

etching of any and all materials capable of being forned in an I CP reactor.

To carry out the deposition.of material |ayer 66, seni conductor waf er
28 i's positioned oi5. cHueprdttssof clanr bawherein ¢he ateme:ﬂﬂpmvndmgﬂiemhtsma

t he center [
e P O o e e Pl )
al i gnment of gemetatieuregion s furth Q18 l‘ﬁﬁteﬂ@@ d @srhaving P—(,flr@hgﬁﬁéllﬁp and

blasma sour ce ¢hg cebdifd phidtha 524 IO i ﬁiﬁh&tdi:ﬁﬁéfeki@@d HnAFnes s
10 sem con t or “subst e 28 c be |nd dent |, contdgol I ed ql:*)%/d(the

spatial ly var |58ﬁ‘t’n Bas FUPP i ayheremsthe Fg'f‘%ﬁu Y has Hest W gate hi s

manner, radi a'aﬁfw tgaglcofifpdsitéortand thé beddnidag &ﬁgg’ry&ﬁslaéﬂecbﬁd gas tow ate
n proximty to the 5

attai ned such t 41 ﬁ&&“il ons of terl al |ayer

perineter P ar®%3 gﬁ%F?%‘ﬁ’é’t% N with portions of material |ayer 66
atfcenter point C, and at the various |ocation 64 across seni conductor

waf er 28. t I can

wi t hout further 6. hltl P&)&?g O?\éﬁgl?‘laglc’ta‘%lcle %%e%geénft @ﬁ%%ﬁlt‘ on and_fully
realize the lGemipenductonsgub %tm/f&rfhﬁgfﬁﬁf gas flaw W@éﬁsﬂ@t eqial fpithg second
Accordingly, 'fgh%ﬂow rafe0l | owi ng exanples are intended to be nerely
illustrative t he

7. The process of claim 5, wherein the step of processing the
semiconductor substrate the first gas composition is different from the
second gas composition.

8. The process of claim 1, wherein the step of processing the
semiconductor substrate is further characterized as etching a layer of
material on the semiconductor substrate.

9. The process of claim 1, wherein the step of processing the
semiconductor substrate is further characterized as depositing a layer of
material on the semiconductor substrate.

10. The process of claim 1, wherein the step of providing the plasma
reactor comprises providing a plasma reactor wherein the first plasma
generation region is further characterized as being powered by a first power
supply and the second plasma generation region is further characterized as
being powered by a second power supply, the first power supply supplying
a first power to the first plasma generation region and the second power
supply supplying a second power to the second plasma gen'ération region.

11. The process of claim 10, wherein the step of processing the
semiconductor substrate the first power is not equal to the second power.
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i nvention, and to not |imt the |nvent|on in any way whatsoever.

EXAMPLE | 15 Sem conduct.ot- substrate 28 is first subjected to a
chem cal vapor deposition process to deposit a material |ayer 66

t her eon. Sem conduct or substrate 28 is then placed on chuck 14 in ICP
reactor 10. Processing gas is sel ect ed dependi ng upon the conposition
of the material layer to be 20 etched. Fét exanpl e, where material |ayer
66 is polycrystalline silicon, hal ogen gases, such as chlorine, and
hydr ogenat ed hal ogen gases, such as hydr ogen chl ori de and hydrogen

brom de, are intr S e total
gas flow from gas%ﬁ&ﬁ%ﬁyﬁb}wﬁ&ﬁ%ﬁ éT@% éﬁéﬁ&@ﬁgget ween
40 and 200 sccm and vacuum system 22 is adjusted to 25 achieve a
E;OCEIS:SI ng pr _ess;JLe of a:o_ouél ].:L t%%g-‘aghﬁt#h%ﬁﬁﬁ&?ﬁ rﬁotcesshggt cthnber

: power is en applie ro stem o]
coils 54 &hd 56 in plasnma source 16. Preferably, about 100 to 5000 watts
ool ted o Shuck. T AR B R Mot Ao A el
the materi al wn@dmwdm@BdebatmducuW| @upéed p asma reactor (1%]
EXAMPLE 11 mcludes a las?ﬁH‘sBﬁBéE‘ﬂ%?haSﬁ:Eel a lpél Y d h%ﬂﬁﬁ 38%?'&&"* 14 in

| CP reactor Processi ng gas ng ggpj

conposi tion oWWP]%H’Fﬁ?%SFWﬂ gases aré
material 1gyesupply syse@ni(28) Mcludes a plurality of gas feed 11nes (34,35,36) each

capable of supplying an individual flow rate and gas composition to the
plurality of channels (38,44) in the plasma source (16). Each channel is
surrounded by an independently powered RF coil (54,56), such that the
plasma density can be varied within each channel (38,44) of the plasma

15 source (16). In operation, a material layer (66) overlying a semiconductor
wafer (28) is either uniformly etched or deposited by localized spatial
control of the plasma characteristics at each location (64) across the
semiconductor wafer (28).

20 Figure 1 accompanies this abstract.
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silicon, hydrogen and silane are introduced in processing chanber 12 at
about a 3:1 flowratio. The total .gas=flow:fromgas supply system 20 is
adjusted to a value of about 40 sccm and vacuum system 22 is adjusted to
achi eve a processing pressure of about 1 to 25 mllitorr in processing 5
chanmber 12. RF power is then applied from RF power supply system 18 to

RF coils 54 and 56 in plasma source 16. Preferably, about 500 to 1500 watts
RF is applied to RF coils 54 and 56 at a figequency of about 13.56Mz.
Further, about 0 to -60 volts DCis applied to chuck 14 while maintaining
chuck 14 at a tenperature of about 400 to 700[err]C. The plasma deposition
of 10 the material layer is then carried out to conpletion.

.Thus it is apparkh at there has been provided, in accordance with

the invention, an inductively coupled plasma reactor and a process for

etching a | fully nmeet the advantages set forth ahoy
Al t hough the i nvention has beefg described and illustrlated with reference L5
to specifig illustrative enbodifrents thereof, it is rot in

t th
invention be limt é?hrthose i erfpeci—ents. Thh@nqg t@ﬂéd in
the art will reco dYhat varliaLi d jngdi L 4ons caﬁiyg de
W t hout departing Y SHEMhe spiffit of theli qvgnt}i on. Hor exa TEMhe

present inyention contenpl a@@s ft he et ching Jof igl layers having 282
| it hographi ; defined flo " "
device structures, such as gate el ectrodgs,
i nterconnects, and the |ike. Furthernore,
use of many different kinds of chem cal 4gqnt
etching of a wide variety of materials uge
sem conductor devices. It is therefore irt¢gnc
invention all such variations and nodifi datj d
t he appended cl ai n8 and equi val ents t her qof}.

dl dctrical contacts, electrica

or the deposition or
ormthin-filmlayers in 25
to include wthin the

as fall within the scope of

> OoOW’w
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Clains W claim 1. A process for fabricating a sem conductor device
conprising the steps of: providing a coaxial nultiple coil inductive
coupl ed plasna reactor having;, a reaction chanber; a chuck positioned in
the reaction chanmber and configured for accepting and supporting a :
sem conductor wafer on a surface thereof; a plasnma source nounted within
the reaction chanber in spaced relationship with the chuck, the plasna
source including a plurality of channels, 3#4ich channel having a gas orifice
opening thereto, a gas plenum and an RF coil surrounding the channel,
wherein each gas orifice provides a passage between the channel and the gas
pl enum and the plurality of channels are arranged concentrically about a

central axis pe(ﬂpndicular to the surface of the chuck; independent gas
supply lines attadﬁ€&~to each gas orifice; and
36 35
46 40 46
| { e
56 : 54 - 56
\_ & - O O _J
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a gas.control system capabl e of independently charging each gas supply line
with a plasma-form ng gas, such that a gas conposition and a gas flow rate
of the plasma-form ng gas in each gas supply |ine can be independently
varied; placing a sem conductor wafer on the chuck, the sem conductor
waf er having a material |ayer to be etched: actuating the gas control
systemto charge the plasnma reactor with plasma- form ng gas; applying RF
power to the RF coils and igniting a plas$# in the reaction chanber

etching the material |ayer, wherein the etching is characterized by an

etching uniformty; and 13 controlling the etching uniformty
by adjusting the.g OST T . Torocess
of claim1, furt|Her c; pi ng appl yi ng wer to the to pfovide
an RF bias vol tdde bet t he senicon waf er and 16
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t he ptasna. 3. A process for fabricating a sem conductor device
conprising the steps of: provi ding a sem conductor wafer characterized
by a radius and a perineter, t he sem conduct or wafer having a surface,
wherein the surface is characterized by a plurality of |ocations on the
surface, each |ocation specified by a radial distance varying fromzero to
t he radi al distance of the perinmeter of the sem conductor wafer;

formng a material layer on the surface; 4/4placing the sem conductor wafer
in an inductively coupled plasnma reactor, the plasnma reactor having a

pl asma source including a plurality of concentric channel s therein,
wherei n each channel is independently powered by an RF cqi rroundi ng

t he channel ; I ntroduci ng reactive gas to each channe¥, wherein the
reactive gas is characterized by a ga ow raresand a gas conposi tion
supplying RF power to each RF coiJ”to produce an RNpower density in each
channel ; and etching the matgfial |ayer, rolling the etch rate
of the materi al | ayer at ea duct or wafer by

i ndependently varying the g ~
reactive gas and the RF powe

A
C

64 64 64 c
¢ 7 56
/4 4 —e o —e o ~— \
28




4’ The pw 3, wherein the material layer is a serﬁt%(aa’@t'c% 1
mat eri al and the reactive gas conprises at |east one eci es sel ect®ed $9ftgn

t he grogﬂm TE1T] f..a hal ogen and a hal ogenat eq PR 14
5. The pr ﬁww,mmﬂmwrv\her ein the material |ayern iRE M&Mcﬁ%@
material and fhelreacts va gas conprises atl2l east one{speci es sel ecte rom
the group consisting of chlorine and a chlorinated cpmpouhd MARS199%he
process of claim3, wherein the material layer is a fliglectric mater and
the reactive gas conprises at |east one gpegikes selefted fromine group
consisting of fluorine and a fluorinated conpound. %—A.process for
fabricating a ‘%em conductor device conprising the steps of: providing a
coaxial multip @‘36‘@1‘: i nductive coupled plasna reactor having: a reaction
chanmber; a chuck positioned in the reaction chanber and configured for
accepting and bubpootessdorfabeirating dsetmicondictor deviae somfpaising the steps of: a

pl asma source nolted within the reaction chanber in spaced relationship

wi th the chuckprdi@iny #egBiSIAnuftplee6ll YR Ve RIuplad plasnRd rédtfst iedvingeach
channel havi ngpa gas orifice opening thereto, a das plenum and an coi l

a reaction chamber;

a chuck positioned in the reaction chamber and configured for accepting
and supporting a semiconductor wafer on a surface thereof;

a plasma source mounted within the reaction chamber in spaced
relationship with the chuck, the plasma source including a plurality of
channels, each channel having a gas orifice opening thereto, a gas plenum,
and an RF coil surrounding the channel,

wherein each gas orifice provides a passage between the channel and the gas
plenum and the plurality of channels are arranged concentrically about

a central axis perpendicular to the surface of the chuck;

independent gas supply lines attached to each gas orifice; and

a gas control system capable of independently charging each gas supply
line with a plasma-forming gas, such that a gas composition and a gas flow
rate of the plasma-forming gas in each gas supply line can be

independently varied;

placing a semiconductor wafer on the chuck, the semiconductor wafer
having a material layer to be etched:

actuating the gas control system to charge the plasma reactor with plasma-
forming gas;

applying RF poWer to the RF coils and igniting a plasma in the reaction
chamber:

etching the material layer,

wherein the etching is characterized by an etching uniformity; and



surroundi ng the channel, wherein each gas orifice pjoRiRIAGEMENESEERE
bet ween the channel and the gas plenum and the pluraki{y of channel s} afe
. arranged c ut a central axis perpendjcul a7 MAR ygsuf f pce
of the chu mm”lrlﬂi mam ﬂgas supply lines attached{t$ each gas orificte;
and a gas eontrol systsem+capabl e of indepdddently chatgrre—eact—gas' shipply

line with a plasma-form ng gas, such that a gas conpgsition and a flowrate
of the pl asrra-form' ng gas in each gas supply | i ne camBe Tndependently

varied; placing ﬁw:‘;lfg; G

control systemt&nﬁ % t he plfasma reattgt Xr @'ﬁ Eé;: 5 a@_ fo%éﬁg%ghgglg%%
appl ying RF povﬁ? &t RF coils and igniting a plasma in the reaction
chanber; depositing a rraterl al |ayer onto the sem conductor wafer, wherein
the deposition 3Jhemrosessaf MQSQ@WSWWWWPOWJO the
REPLACEMENT SHEdbfick to prov1de an RF bias voltage between the semiconduétor wafer and

the plasma.

3. A process for fabricating a semiconductor device comprising the steps of:

providing a semiconductor wafer characterized by a radius and a perimeter,
the semiconductor wafer having a surface,

wherein the surface is characterized by a plurality of locations on the
surface, each location specified by a radial distance varying from zero to the
radial distance of the perimeter of the semiconductor wafer;

forming a material layer on the surface;

placing the semiconductor wafer in an inductively coupled plasma reactor,
the plasma reactor having a plasma source including a plurality of
concentric channels therein,

wherein each channel is 1ndependently powered by an RF coil surrounding
the channel;

introducing reactive gas to each channel,

wherein the reactive gas is characterized by a gas flow rate and a gas
composition

supplying RF power to each RF coil to produce an RF power density in each
channel; and

etching the material layer, while controlling the etch rate of the material
layer at each location on the semiconductor wafer by independently varying
the gas flow rate and gas composition of the reactive gas and the RF power
density.

4. The process of claim 3, wherein the material layer is a semiconductor
material and the reactive gas comprises at least one species selected from the
group consisting of a halogen and a halogenated compound.



controlling the deposition uniformty by adjusting t
the gas conposition energing fromthe plurality of ch

controllin 1 sity in each channel. 8. process for
fabricati nalumHmclmmt“mrdew ce conprising the steps|oft7 MAROW& n
sem conduct of waf er ®hafacterized by a radgus and a perfneter, the
sem conduct or wafer having a surface, wherein the sufjface Is character]zed
by a plurality of |ocations on the surface, each |ocation specified—by
radi al distan arying from.zero to the radial ;distance of, the perjpgter
of the seni co?‘rﬁ?ﬁ‘?# sf-claipy %c‘?’ ﬁrm@%’éﬁ% , efrgéa\ﬁg\f;g}mﬁée gﬁaterla

i nducti vel y ccil the repglive gatermprises 3ideast pnespeeiss s91eCeeToR the ok
sour ce i ncl udicopsistipgofahlenneand erchionindted sempesing-t herein,  wherein each
channel is independently powered by an RF coil surrounding the channel;

i ntroduci ng I e qthe\srodess dflfaeB, wherie the maberidilaydrtie ardieletiricemgfsial s

characterized Qyg &ﬂ@ﬁcﬁbg%’ adanfiask éa&%ﬂg%ﬁekie Eelﬁh‘ﬁéal l?‘éﬂl%BFgrBGfé\er to
h | j F '
r ocessi ng. t he TBIHEG R {HEe d F Huy Sa'é%s@?w%?ﬁgﬁé the pi am condi ti ons

processi ng the%
at each |ocation on the sem conductor wafer by independently var;éi ng the
gas flow rate Ardpyocess fonfebricaiing amentieonducter devige sompaisingthers F
density in each channel. 9. The process of claim8, wherein the step of
processi ng t hepwaAdiag dosdxaal maltiple coilpnduaetivextotipled plasmed reaictdr Havyeg:
overlying the sem conductor wafer.

a reaction chamber;

A

U

a chuck positioned in the reaction chamber and configured for accepting and
supporting a semiconductor wafer on a surface thereof;

a plasma source molted within the reaction chamber in spaced relationship
with the chuck, the plasma source including a plurality of channels, each
channel having a gas orifice opening thereto, a gas plenum, and an RF coil
surrounding the channel,

wherein each gas orifice provides a passage between the channel and the gas
plenum and the plurality of channels are arranged concentrically about a
central axis perpendicular to the surface of the chuck;

independent gas supply lines attached to each gas orifice; and

a gas control system capable of independently charging each gas supply line
with a plasma-forming gas, such that a gas composition and a flow rate of
the plasma-forming gas in each gas supply line can be independently varied;

placing a semiconductor wafer on the chuck;

actuating the gas control system to charge the plasma reactor with plasma-
forming gas;

applying RF power to the RF coils and igniting a plasma in the reaction
chamber;

depositing a material layer onto the semiconductor wafer, wherein the
deposition is characterized by a deposition uniformity; and



10. The—aﬁocess""f claim8, wherein the step of procesdi RGPLAGEMENT SHEET
sem conduct ‘\ses depositing a material |ayer onto The

sem condu nlmm““‘mﬂ‘ A process for fabricating a demni gdﬁéﬁo‘g ‘;Iev' de
conpri si n providing a plasma reactor, tjhe ?actcr
havi ng a first pl asma generation region and5a second pljas
region, the first plasm generation region having a perf neter wherein the
second plasma generat i on region surrounds the perineter*of—tire r| lst p| asma
gener at i on regl

ol aci ng a sem CORFSLDE the deposition fﬂftﬁ“i}’ibé’ %&gﬁ F%eag%soﬁlow ok,

first plasma geg?ércamnﬂﬁlﬁ%ﬁm@r&m o8 the phwd and by conE; ilemsto
generate a pl asthaRﬂp‘hWﬂrdﬁESIW ek: and processing the

sem conductor substrate in the plasm react or using the plasma. 12. The
process of cl aignAlproceefor fabiitatired £Perdicondiiot diridd @rprsing thestdpelofi S
further characterized as providi ng an i nductively coupled plasma reactor.

13 The procesg, @1 {RebicoliGHE] PRt ERCALREOY AL 1P BlAR IR

reactor the fi econ gener "t i on

region are furti?&s %e‘&g g?vifgg 8ffcentric.

wherein the surface is characterized by a plurality of locations on the
surface, each location specified by a radial distance varying from zero to the
radial distance of the perimeter of the semiconductor wafer;

placing the semiconductor wafer in an inductively coupled plasma reactor,
the plasma reactor having a plasma source including a plurality of
concentric channels therein,

wherein each channel is independently powered by an RF coil surrounding
the channel;

introducing reactive gas to each channel,

wherein the reactive gas is characterized by a gas flow rate and gas
composition supplying RF power to each RF coil to produce an RF power
density in each channel; and

processing the semiconductor wafer, while controlling the plasma
conditions at each location on the semiconductor wafer by independently
varying the gas flow rate and gas composition of the reactive gas and the RF
power density in each channel.

9. The process of claim 8, wherein the step of processing the semiconductor
wafer comprises etching a material layer overlying the semiconductor wafer.

10. The process of claim 8, wherein the step of processing the semiconductor
wafer comprises depositing a material layer onto the semiconductor wafer.

11. A process for fabricating a semiconductor device comprising the steps of:

providing a plasma reactor, the plasma reactor having a first plasma
generation region and a second plasma generation region, the first plasma
generation region having a perimeter wherein the second plasma generation
region surrounds the perimeter of the first plasma generation region;
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14. The process of claim1l, wherein the step of provid
reactor ﬂﬂ'mumﬂmgmﬂw' g a plasma reactor wherein the
gener at i onfRig| Mher characterized as conprisingla first channg
region surroundéd By & first coil and the second pl asmg dengrmamARM9Pyijor
is further characterized as conprising a décond channel} rlegi on surrounded
by a second coil. 15. The process of claim1l, wherei ;
FLOV}QIH? tre pl asma reactor conprises providing a plasjma_reactor whereif
e first plas e TRl | - as having a
first gas supp*? ¢ %ga%%‘éicgfe{(ci{c}'%&%ﬁgé%&ﬁﬁgggﬁhﬁgﬂaﬁéﬁ%n&% further )
characterized as having second gas supply, wherein the first gas s Rly has
a first gas flesingshefisstPlasma geneghionTsginssan secand plastag gﬁﬁe suppl y
has a second gagién tngenrratemplasmeavithin thesplesmpasaetpsrand processiBg o cess
of claim 15, wheniebnduberstbstrate inthe phsmegrenktorasing thedplaswa. substrate the
first gas flowrate is not equal to the second gas flowrate. 17. The

process of cl aj |14 6Re [ i | Sla B
substrate the }%@i:ﬂ%@és%f@élﬁﬁlﬁ : fHextep S piovide: ﬁfﬁ%?ﬂﬁ Egg:?r
f .

&
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f[:ﬁrrposi ti ond ’fg.ur Ecﬁ?%gg%%%gfdsg}gi ﬁﬁg,aha/hgr Iétllnél?%hg’feéf processi ng

e sem conductor_substrate is further characterized as et.chin I f
material on thi3.dhe prosesscafslainyblwheremn ﬁ@ﬁ.tenﬁép Wgé%%h?ﬂplég’éﬁarﬁa eg{t&r: ?
wherein the st the fifst plasousgéngyation regiohanddiesecond plasma genesation regipn
chgr ?Ctterl zed g% fiefrgichangteriieatlebeihg taheariteit. on the seni conduct or
substrate. :

14. The process of claim 11, wherein the step of providing the plasma reactor
comprises providing a plasma reactor wherein the first plasma generation
region is further characterized as comprising a first channel region
surrounded by a first coil and the second plasma generation region is further
characterized as comprising a second channel region surrounded by a
second coil.

15. The process of claim 11, wherein the step of providing the plasma reactor
comprises providing a plasma reactor wherein the first plasma generation
region is further characterized as having a first gas supply and the second
plasma generation region is further characterized as having second gas
supply, wherein the first gas supply has a first gas flow rate and a first gas
composition and the second gas supply has a second gas flow rate and a
second gas composition.

16. The process of claim 15, wherein the step of processing the
semiconductor substrate the first gas flow rate is not equal to the second gas
flow rate. '

17. The process of claim 15, wherein the step of processing the
semiconductor substrate the first gas composition is different from the
second gas composition.

18. The process of claim 11, wherein the step of processing the
semiconductor substrate is further characterized as etching a layer of
material on the semiconductor substrate.

19. The process of claim 11, wherein the step of processing the
semiconductor substrate is further characterized as depositing a layer of
material on the semiconductor substrate.



17 +20. The process of claim11l, wherein the step of HER A@é TtgﬁEﬁ
react or conprises ﬁ“ﬂl“ﬂlltﬂl'ﬁutuﬁmm react or wherein ‘
generation region erized as being p y

power supply and thé second 'pl asma generation region |s| fd MAR 1999
characterized as being powered by a secondlpower supplyl, the first pdqwdr

- supply supplying a first power to the first plasnma gepneration reglion ar
- the second power supply supplying a second power to t
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second power.
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compri sing:  a IR ISEATIERE ﬁlmrﬁctenaﬁg u‘g&a@‘i"ﬁ’?’&ﬁ’e‘éﬁ’? rﬁﬁraowga%gﬁm and o

chanber and corﬂlegmtydipbsnwah@mg!o@!ﬁafmﬂmmba@mmgr waf er
on a surface tpoweded bypa pémﬂapmumq)piypﬂteé&sb\povvensupplyrs&qmiymg afirstrber
in spaced rel atpmmdqhwﬁrbt lasm@ @ratidier it #Rd SRslsccondsdviel sip

ply
I lit f aes'ﬁ% Eﬁﬁ;& n@}ﬂ %ﬁ-l i"e%!i th t
gagrgl Ienﬁmo aﬁm@gi coll su rouncL ng tﬁ'% chan rgefn erein eéa}gh gg;e >

orifice providey gyRasSa8s of AalinHd, WherSinhe slep oPpJOQSSS%xg the
semiconductor substrate the first power is not equal to the second power.

22. A coaxial multiple coil inductive coupled plasma reactor comprising:
" areaction chamber;

a chuck positioned in the reaction chamber and configured for accepting
and supporting a semiconductor wafer on a surface thereof;

a plasma source mounted within the reaction chamber in spaced
relationship with the chuck, the plasma source including a plurality of
channels, each channel having a gas orifice opening thereto, a gas plenum,
and an RF coil surrounding the channel,

wherein each gas orifice provides a passage between the channel and the gas
plenum and the plurality of channels are arranged concentrically about a
central axis perpendicular to the surface of the chuck;

a dielectric material separating the RF coil from the channel;
independent gas supply lines attached to each gas plenum; and

a gas control system capable of independently charging each gas supply line
with a plasma-forfing gas, such that a gas composition and a gas flow rate
of the plasma-forming gas in each gas supply line can be

independently varied.

23. The plasma reactor of claim 11, wherein the plurality of channels is
further characterized as a central channel in alignment with the central axis
and at least one peripheral channel surrounding the central channel.

a



pl enum and t he nnel s are arranged conge
central axis pH“!“mI‘ I“uimllﬂmhe surface of the chuck; pwe- G
mat eri al separating the RFsco*l fromthe channel; in eendent gas_supdl y
lines attached to each gas plenum and a gas control st13rrﬂégpme of
I ndependent|ly chargi ng each gas supply Iin8 with a plpaspa-forn ng gag, {such
that a gas conposition and a gas flowrate of the plapma-form ng gas |n
each gas supply line can be independently vari ed. 23k lor

of claim1l1l ]fggﬁ Lzed as
a central chaﬁe?ﬁﬁg’ﬁ% ;@%tc%(%fﬁ{ 5’ ié&fe Ek XIS, @g{u@‘]l@ .a %&ct)%%
peri pher al HIW QLiska) erem € separatio

18  24. The plistanse betwieasy therceptral ﬁha_rmelmértbe shueleis] P%ﬁsﬂiﬁnsibﬁrce i s
separ at ed f r orsephraticinudistance betwpen tid penplna‘ahdmmehaud\thecbuc:k t he
separation distance between the central channel and the chuck is |ess than

the separati onpgliThk %a&&rbﬂdmﬁxmslwh&reﬁkt Bftla sdilcd 3Sephtitéd  25.
The pl asna req%&r CP b?g%g e Bh@ Reréiﬁ%%%e?%a’ifoﬂar ated from
the chuck by & distah2é Between the cen eal ﬁeﬁ ecfluce:kse A& 'R the

separatlon distance between the perlpheral channel and the chuck.

-26. The plasma reactor of claim 22 further comprising an RF shield
surrounding each coil and positioned opposite to the dielectric material.

27. The plasma reactor of claim 26, wherein the RF shield comprises a
ferromagnetic material.

28. The plasma reactor of claim 26, wherein the RF shield comprises
aluminum.
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II\IDUCTIVELY COUPLED PLASMA REACTOR AND PROCESS
Abstract of the Disclosure

An inductively coupled plasma reactor and method for processing a
semiconductor wafer (28). The inductively coupled plasma reactor (10)
includes a plasma source (16) having a plurality of channels (38,44) in
which processing gases are independently supplied to each channel. A gas
supply system (20) includes a plurality of gas feed lines (34,35,36) each
capable of supplying an individual flow rate and gas composition to the
plurality of channels (38,44) in the plasma source (16). Each channel is
surrounded by an independently powered RF coil (54,56), such that the
plasma density can be varied within each channel (38,44) of the plasma
source (16). In operation, a material layer (66) overlying a semiconductor
wafer (28) is either uniformly etched or deposited by localized spatial
control of the plasma characteristics at each location (64) across the
semiconductor wafer (28).

Figure 1 accompanies this abstract.



