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(57) Abstract
A plasma enhanced chemical processing reactor (10) and
method. The reactor (10) includes a plasma chamber (18) . lO\ (\i_ii\V

including a first gas injection manifold (15) and a source 4rl“
of electromagnetic energy (12). The plasma chamber is in / N 4
communication with a process chamber (16) which includes a =4
wafer support (20) and a second gas manifold (17). The plasma =
generated in the plasma chamber (18) extends into the process
chamber (16) and interacts with the reactive gases to deposit
a layer of material on the wafer (24). 'I‘hexeactor(m) also
includes a vacuum system (26) for exbausting the reactor (10).
The method includes the steps of generating a plasma within the
plasma chamber (18), introducing at least one gaseous chemical
into the process chamber (16) proximate to the wafer support
(20) and applying r.f. gradient to induce diffusion of the plasma
to the area proximate the wafer support (20).




15 circuits (1C includes critical manufacturing steps such as et chi ng
waf er surfaces and depositing layers of material an; waf er surfaces to
form devi ce conmponents, interconnecting |lines, “dielectrics, insulating
barriers and the like. Various systens have been enpl oyed to deposit

| ayers of materiwhoppided he like 20 on the surface of integrat pgrRikdstioriss,
.and often such | ayers are formed by chem cal vapor deposition (CVD). A
conventi onal thermal CVD process deposits a stable chem cal conmpound on
t he - surface of a wafer by thermal reaction of certain gaseous :
chem cals. Various CVD reactors have been used in the art 25 including

| ow pressure CVD systens and atnospheric pressure CVD syst ens.

Mor € recently, plasma enhanced (sonetinmes called plasm assi sted) CVD
systens (PECVD) have been devel oped. PECVD systens general ly operate by
di sasseci ation and ionization of gaseous 30 chem cals. The high electron
tenperatures associated with the pl asma i ncrease the density of the
f\'cigfgfﬁéf‘;ed SR°bLESMA mﬂ&%@%@gpdﬁw&ééﬂb UkalcHoR" 2B MEPHSBCE-
PCT/ US96/ 10705 such systens are able to operate at | ower tenperatures

t han convw REPTEON OF T8 ravenTIouch | over tenperature
processes are e5|&ﬁ.§ 0 nim ze. di uglon of sh | | ow Fj#g %I Of1S. and
i nter-diffusion of ?al”é“vc%?rﬁig FEIT%4F n f’he 5 TeRRERY AN B

Mor eover, PECUDocsssing ssmécmmmreintﬁqrated circuits. More particularly,
: the invention relates to a plasma enhanced reactor and method

caﬁable of performing processing operations including depositing
uniform films or layers on the surface of integrated circuits
by plasma enhanced chemical vapor deposition (PECVD), film

10 etchback, reactor self-clean, and simultaneous etch and deposit
operations.

BACKGROUND OF THE INVENTION
_ The processing of semiconductor wafers and other integrated
15 circuits (IC) includes critical manufacturing steps such as
etching wafer surfaces and depositing layers of material on wafer
" surfaces to form device components, interconnecting 1lines,
dielectrics, insulating barriers and the like. Various systems
have been employed to deposit layers of material and the like
20 on the surface of integrated circuits, and often such layers
are formed by chemical vapor deposition (CVD). A conventional
thermal CVD process deposits a stable chemical compound' on the
surface of a wafer by thermal reaction of certain gaseous
chemicals. Various CVD reactors have been used in the art
25 including low pressure CVD systems and atmospheric pressure CVD

systens,
More recently, plasma enhanced (sometimes called plasma
‘ assisted) CVD systems (PECVD) have been developed. PECVD systems

generally operate by disassociation and ionization of gaseous
‘' 30 chemicals. The high electron temperatures associated with the
plasma increase the density of the disassociated species
available for deposition on the wafer surface. Accordingly,



formng nultiple dielectric layers to be used to isolate stacked devi ce
features as device densities increase. Wien form ng such mul til ayer
‘dielectric layers it is desirable to provide a |ayer wi th good gap
fill, isolation, stress and step coverage 10 properties. These properties
“becone nore diffigwperiesize attain as devi ce di nensi ons shri nKeCT/US96/10705

In PECVD systens, the reactor is typically operated at |ow ressuytres
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relatively low,and the nean-free pgth ., of the species is relativel
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i nvention to ©f the active species is relatively low and the mean-free path
of the species is relatively long. Accordingly, it is desirable
to provide a reactor capable of uniform, controlled gas flow
within the process chamber, across the wafer, and to the exhaust,
20 thus providing uniform processing of the wafer. Moreover, other
operating pressures may be used for various processes, and thus
it is desirable for the reactor to be capable of operating over
a large pressure range.
Cleaning of the reactor plays an important role in the
25 effective operation of a system. The highly reactive species
deposit on the walls of the chamber, and the operating
components, as well as on the surface of the substrate. Such
deposits affect the operation of the system, may affect the
plasma potentials within the system, and are a serious source
30 of particulates which may end up contaminating the deposited
£ilm. Accordingly it is advantageous to provide a reactor design

capable of self cleaning.

[¢) : TH (0]
35 It is an object of this invention to provide a reactor
for processing semiconductor wafers and integrated circuits.
More particularly, it is an object of this invention to
provide an improved reactor for processing wafers by



provi de an inproved reactor for processing wafers by
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- PCT/ US96/ 10705 depositing filns or layers on the surface of such wafers
by pl asma enhanced chem cal vapor deposition (PECVD). Anot her
object of this i{ﬁﬁgp L9 is to provide a reactor which is egpubécaoms
operating over a W de pressure 5 range. Anot her obj ect of this

invention is tdeResdking §ilms o AAverscAPathe SHCERFR IR ISHFYEERER PY | ns
and . si mul traARAIAS bXh&HE6EA NEhémlida ]l ivapor deposition/e(PEaVEm)her object of

the invention is t 1.d or, | f- cl:eaning.
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i nprioves the (esctoy whieh| kg eapahle &f operatingfeyer a wide preggure ang
ot her objegts wunyeachi eved by the reactor 15 herein disclosed generally
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| east a first xpastoandapabderef dgpasidsingodagivedcfiles gnd  which excites
the gas to fordgmhtaheBislyhetoh fifs Suc FIhaE.

Yet another object of the invention is to provide a

10 reactor capable of self-cleaning.

A related object of this invention is to provide a
reactor which improves the quality of films deposited on
waters.

These and other objects are achieved by the reactor

15 herein disclosed generally -comprising a plasma chamber
communicating with a process chamber. The plasma chamber
includes a first gas injection manifold for receiving at
least a first gas; and a source of electromagnetic energy
which excites the gas to form a plasma. The process chamber

20 includes a wafer support for supporting a wafer to be
processed, and a second gas manifold which encircles the
wafer support and directs reactive gases toward the wafer
support. The plasma generated in the plasma chamber extends
into the process chamber and interacts with the reactive

- 25 gases to deposit a layer of material on the wafer. A vacuum
system communicates with the process chamber for exhausting
the reactor.

"The invention also includes a method of operating a

reactor having a plasma chamber and a process chamber with a
30 wafer support disposed within the process chamber, which
includes the steps of: generating a plasma within the plasma
chamber, introducing at least one gaseous chemical into the
process chamber proximate to the wafer support and applying
r.f. gradient to induce diffusion of the plasma to the area
35 proximate the wafer support, whereby the plasma and the
gaseous chemical interact proximate
the wafer support to form a layer of material on the surface
of the wafer.



20 includes a wafer support for supporting a wafer to be processed,
and a second gas mani fold which encircles the waf er support and directs
reactive gases toward the wafer support. The plasma generated in the
pl asma chanber extends into the process chanber and interacts with the

reactive 25 gaspgetmsesicposit a layer of material on the waf erpcéusssaoes

system comruni cates with the_process ¢ er f e $hik89 t he

react or. The |nveﬁﬁi%54§gﬁﬁ s %%égig&%éﬁggg—gﬁ—operatlng a
reactor having a pPtisem abjedks anddadventages afhfhseinyenhien Joecong er
support di spoggsarMeit i dpdr) &< ﬁ%ss«:ceﬁa‘o&étamcmescriptﬂsﬁL@esr.néle st eps

of eneratin as e t.hin nt r od

Ieas1§:J one gasgﬂ'ﬁg %3"?%83& gfﬁ%&rspvgﬁgﬁbgﬁiﬁ‘?bx? t rb t he

waf er supﬁbrtreﬂdremméytau;he drawifgsgindvkitht o i nduce di ffusion of the

plasma to the ar eaﬂé??fré)rf)&m a&ggam%a&g}pq‘;ay Yy tdhfew! G5 and
c 0X he wa

t he gaseous cal |nter t pr e[ support to form
a layer of natRe|¥PackPX RCAQKdingeto one pmipoingntoof the invention.
3 Mntrd GBA%! an enlarged partially broken away cross-—

PCT/ US96/ 10708e0t 4 onal view of theREEmd StRlseY MaCorobE=LRANMNG: of
10 the reactor as shown in Figure 1.

Figure 3a illustrates a cross-sectional view of a first
gas injection manifold according to one embodiment of the
invention.

Figure 3b is botton plan view of the first gas

15 injection manifold.
- Figure 3¢ is an enlarged cross-sectional view of the
holes in the manifold of Figure 3a.

Figure 4 represents a front plan view, partially broken
awvay, of one embodiment of a second gas injectibn manifold

20 in accordance with the invention.

Figure 5a is a top plan view showing the substrate
support mounted in the reactor.

. Pigure 5b depicts an alternate embodiment of the
substrate support, partially broken away, mounted in the
25 reactor in accordance with the invention.

Figure 6 is an enlarged side elevated view showing the
substrate support and carriage assembly in accordance with
the invention.

. Figure.7 is a cross-sectional view of the reactor of
30 the invention and illustrates the flow of gases within the
systen in response to the on—-axis placement of the pump.

Figure 8 is a simplified block diagram illustrating a
PECVD system with a plurality of reactors in accordance with
an alternative embodiment of the invention. '

35 Figure 9 illustrates sputter rate as a function of
substrate support bias power.




O her objects and advantages of the invention becone appar ent upon
reading of the detail ed description of the I nvention and the appended
claims provided bel ow, and upon 5 reference to the draw ngs in which:
Figure 1 is a partially br oken away assenbly view of t he reactor
according to onQV Lent of the invention. Fi gur e PCrTAISSEM0705
enl arged parti al broken away cross- sectional view of the plasnma
chamber and procesEiGtx#ﬂmﬁoaﬂanﬂo1°Ph§r¢e@%?%ﬁ‘%ﬁ?@ﬂﬂﬁmﬂ vieypqafe 1.

Fi gulgel ga il sgt:faéeswpsgﬁw%t bﬁﬁﬂ?oﬂ%@&tﬁ waffdriss procesgad injeis i on
mani f o accordin n of the I nventi on. Fi gure
3b is bottontﬁﬁﬁﬁ fi?:ggq%nggphgas 15 _injection manifold.

Figure 3c is an enFaggEG %} cEldlustzatefathe | depesitinn ratenpeEssitans .

mani fol d of Firjekeadaa function ofi gHecappled esafy diag.ront plan view,

partially broken . away, of one enbodiment of a second gas injection

mani fold 20 in accordance with the |nvent|on Figure 5a is a top
¢ g0}

pl an vi ew showi ng t he sulBREEARLE . I IS 4 eact or.
Flgute{Fb gepb Cts gepiriégnate enbodlnent of the substrate support,
partially broken awa nDunte the 25 r accor t he

I nventi on. Tuéh %ﬁagﬁPHFge gﬁ@&?g ng the
substrate1supﬂesﬁgaaﬁedahy|1qkaanaﬁewbhpelnuabensdandﬁmwﬁnburesptHégures

i nventi on. t f
the invention aﬁﬂ ?l ug#fésgnﬁ %Bﬁalﬁéﬁ{:'aflaéhé“ﬂ’&&fort kg reactor of 30

response to tﬁéceﬁ' anre ﬁft e:‘ﬁérﬁ iG‘F'eP g°ﬁgasgfg“re 1 ql&ﬁﬁ&ﬁ Eesyst "
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i5 The plasma assembly 11 which includes a plasma generating

source 12, the interior of such source 12 forms a plasma
chamber 18, and a first gas injection manifold 15 forms the
top of the chamber. The first manifold 15 conveys at least
one gaseous chemical to plasma chamber 18. The plaéma

20 assembly 11 is operatively attached to process chamber 16.
Process chamber 16 generally includes a second gas injection
manifold 17, which is mounted to process chamber 16, for
receiving at least a second gaseous chemical via gas
delivery lines (not shown). Preferably, the gas injection

25 manifold 17 is mounted near the top of chamber 16 with an
outer peripheral surface being mounted along the wall of
process chamber 16, thus forming a continuous ring. Further,
positioned within chamber 16 is a horizontal wafer support
20 (often referred to as a "chuck") for supporting a wafer

30 24. Preferably, wafer support 20 is attached to chamber 16
by arm member 21 such that the wafer support 20 is suspended
within the process chamber 16. A wafer 24 is placed on the
wafer support 20 whereby the surface of the wafer 24 is
facing upwards. The wafer support 20 may be biased by

35 applying r.f. energy from generator 23 via-matching network

' 22. :

A vacuum system is provided for exhausting the reactor

10. A vacuum pump 26 is operatively coupled to the process



35 Figure 9 illustrates sputter rate as a function of substrate

support bias power. 4
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Figures 10a and 10b are cross-sectional views of surface topography of
sem conduct or Waggofedsocessed in the reactor of the invenpCHgses/10705

Figure 11 illustrates the deposition rate per silane 5 flow as,a function
of the appli eGhpmbper 116, by port 25. Preferably; MacquymHpyeR) 4|\ OF THE

| NVENTI ON sidbstariviallyvaxially aligoediwith cchiehpribcassngbanibdmeri8 n | i ke

conponents ar ?r&?erﬁé‘&'ﬂé‘%&%py'dn'—&‘hé%ﬁﬁ?ﬂf ta{il&ﬂ)%%ﬁaeﬁ hfmﬁi&&l{cfs
Fi gures 1 _an esent _one enbodi of rea%h
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of the invent asndideussed rivnadetailObgiow| athe suspendad waferasypporin 20

assenbly 11 aggdatﬁgc@ﬁﬁﬁkfguyﬂﬂﬂin§6form a unique gas distribution
system which is designed to provide symmetrical flow of
gases within the reactor 10, and particularly to promote
uniform deposition and/or etching across the wafer 24.

10 The inventive reactor is adapted for performing various
processing operations including deposition, f£ilm etchback,
reactor self-clean and simultaneous etch and deposition
steps. In an exemplary embodiment of the deposition
operation, silane and a mixture of oxygen and argon are

15 conveyed into the process chamber 16 via second gas
injectioananifold 17. During the deposition operation, the
first gas injection manifold may be inoperative, and in this
configuration, oxygen and argon molecules migrate into the

_ plasma chamber 18 from the process chamber 16 where they are

20 originally injected, and are ionized in plasma chamber 18.
Alternatively, the first gas injection manifold 15 may be
operative whereby argon and oxygen are conveyed into the
plasma chamber via first gas manifold 15. Furthermore in
yet another embodiment, oxygen and argon are conveyed

25 through both the first gas injection manifold 15 and the
second gas injection manifold 17.

During a reactor self-clean operation, a chemical such
as CFy, C)F4 or NH; is injected into the plasma chamber via
first gas injection manifold 15, whereby the gases are

30 ionized and then flow through the reactor 10 to remove
unwanted deposits on the surfaces of the chambers 16 and 18
and associated components. Alternatively, the cleaning
chemicals may be injected into the reactor via second gas
injection manifold 17, or conveyed by both the first gas

35 injection manifold 15 and the second gas injection manifold
17. Moreover, the reactor is adapted for application of an
r.£f. and dc bias induced at the wafer support for inducing a
£ilm etch-back operation and for simultaneous etch/deposit



15 The plasma assenbly 11 which includes a plasm generating source 12,
the interior of such source 12 fornms a plasma chanber 18, and a first
gas injection nmanifold 15 forms the top of the chamber. The first

mani fold 15 conveys at | east one gaseous chem cal to plasma chanber 18.

The plasma 20 asg@yiayaell is operatively attached to process Cheusds/dios
Process chanber 16 generally includes a second gas i njection mani f ol d

17, which is FReFALPR.o Fhecreactexr Apd methodg, are degeribed, infurkher ,

second gaseoudetdiElnbedlowii a gas delivery lines (not shown). Preferably,
‘the gas injecgion é?; ”E&nge}7 I's mounted near the top of chanmber 16 with
an _ outer peripheral surface being nmounted al ong the wall of process
charfber 16, thus fEheriPigshacafeenblyistiGan beyppREpciated pigyfurdhey wit hin

chamber 16 i saetdll iwith eferbtestdPidure 2.20Plakhenassémllyrdi o as a

"chuck™) for ting el o3 I el., s Ois
attached to c%’gﬁﬁgéreél% s%u\ﬁ‘%% éfﬁmg]r'rgeébxé&%%s% gg thﬁgg{’t%%' wa%&'s} épport 20

i s suspended refexgadit® @fcapl'piasna saunne” for genereting a lasmaed on the
waf er suppor twfehih anbplasnas chafbéer ois I herageeably the pladmeiscurgavar ds.

ohe varer suobgrla tk UG Sopl npditdy o0 by BB AY 0T

provi ded ¥0or esupled pigsmac (XE€BL: orIn the prefaryaduenbpdiments &8ss shown

operatively conpkRfured 2,nenpr ptaSha source 12 is cylindrical and 5
includes a helical coil 13 made of metal and a slotted
electrostatic shield 19 made of a nonmagnetic material, said
shield 19 being generélly disposed within the coil 13. The

15 coil 13 and shield 19 are housed within an enclosure having
an inner 27 and outer 28 wall. Preferably, the inner wall
27 is made of a low loss insulating material, such as quartz
or ceramic, and the outer wall may be comprised of a metal.
Plasma is generated in the plasma chamber 18 formed within

20 the plasma source 12. This preferred embodiment of plasma
source 12 is more fully described in US Patent No. 5,234,529
which is incorporated herein by reference.

A plurality of longitudinally extending and

circumferentially spaced slits 33 are formed in the shield

25 19. The shield 19 is used to decouple capacitive electric
fields. The shield 19 reduces the capacitive coupling
between the coil 13 and the plasma chamber 18 where the
plasma is generated. In one embodiment, the plasma source
12 and shield 19 attempts to fully shield all capacitive

30 components. Preferably, the shield is grounded.
Capacitively coupled fields couple very efficiently with the
plasma, and produce large and generally uncontrollable r.f.
plasma potentials. Such a plasma is referred to as a “hot
plasma.” _The hot plasma comprises very high plasma

35 particulate energies, particularly high electron
temperatures (T,). The resulting high plasma potential

damages the reactor by the attack of high energy particles
at the chamber walls and other components of the reactor.
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16, by port 25. Preferably, vacuum punp 26 is substantially axially
aligned with the process chanber 16 (referred to as an "on-axi s punp")
whi ch provi des inproved flow control of the gases and plasma within the

reactor 10. 5 AWo@iymsed in detail below, the suspended waf ecTasgguores 20

and t he on-axi 0 as di r|bu o V\/mchls
. designed to pr’%\% %ﬁ% ﬁ'%a#?? N reaég %eatﬁ1 %gg][
- and .parti cul ama;tsisupa'ementammm r‘ﬂhiébo?ft#brﬁ%#ﬁi/‘tﬂ Jé't&ll?ieng acr oss
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' gas injection manifold 17 I t,h t|on 0 rat

first gas inj % RP ﬁﬁ?ﬁ‘?%l%’ nH?J‘d’é %m&gflaig he g Capacitive
configurati on,compidagy can be geariesi etal:lemunggunon tlmecnppidcatlopl. asher
chanmber 18 fr Qs el" 8af iy (4 adhain %éﬁe&sntbﬂxréra;@%ﬂw 39! Ly
injected, and are i onhjzed in plasma chanb ernat_i vel
first gas ?njé@FPaﬁ nﬁﬁ|¥ﬁmﬁwggnﬁﬁvﬂﬁg deP°ﬁbE+%P|9¥eWﬂEﬁéiﬂ} eand
oxygen are conumfedesntd tihe reactpmdt, greaber sapaditiste gmnptmannépl 15.
Furthernore i EPFX ﬂgﬁ% Q%Fk egponveyed 25
t hrough both t Te sﬁegggﬁigﬁ ctiron Foﬁ?gg? ﬁa%%ﬂgecgnd gas

i nj ecti on nanikxem@terrapid cleaning. ng a reactor sel f-clean operation, a
chemi cal such as Géherate ﬁﬁerpl]di[mrrhcwr&&{xgrtd drse iexbodiadntned t he
g'r gsma Chi‘gberth‘é InventibhSta®feddl Hile Ys"EB §8) frdraa WIS R phllEmgases
chamber 18 by first gas injection manifold 15. The r.f.
energy 14 is directed into plasma source 12 through coils 13
arranged around plasma chamber 18 which excites the gases in
the plasma chamber 18 into a plésma state. In a plasma
20 state a large percentage of the gaseous molecules introduced
are dissociated to form reactive species, including ionized
atoms. Preferably, an ion density of greater than 101!

ions/cm® is achieved, and is referred to as a high density

plasma (HDP). It is preferred that the frequency of the
25 r.f. energy be 13.56 MHz, a commercial standard frequency.

' Generator 14 typically operates at a standard 50 ohm
impedance, and matching network 14a, well known in the art,
allows efficient coupling of the r.f. energy into the plasma
souree 12. Alternatively, gas is conveyed into the process

30 chamber 16 via second gas injection manifold 17, whereby the
gas migrated into the plasma chamber 18 and is excited into
a plasma state as described directly above.

Referring again to Figure 2, the first gas manifold 15

is illustrated as assembled on the plasma assembly. Further

35 detail is appreciated with reference to Figure 3a, which
depicts a cross-sectional view of said manifold 15. 1In this
embodiment, first gas manifold 15 is substantially circular
and is attached to the inner periphery surface of the plasma



30 ionized and then flow through the reactor 10 to renove unwant ed
deposits on the surfaces of the chanbers 16 and 18 and associ at ed
conponents. Alternatively, the cleaning chem cals may be injected into
t he reactor via second gas injection manifold 17, or conveyed by both

the first gas RJpooisasaction manifold 15 and the second gas i npexsswno7os
mani f ol d 17. Moreover, the reactor is adgfted f.or appllcatloEFof an

r.f. and dc SCHECEnASEEMPLY 13re \Fhecmanifpld 1l Gncludes Agpiurality
et ch- back opegast inletnpadsages BPd amdod2befolneatt piosithe manifold base
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PCT/ US96/ 10705 Fx\gp‘g‘rz#t e of gaseous chemicals to éthgr ’e“agéggrl? 8 in

f urt her gagafelpkery, 1ines fnot showp) ers fpRnected to egph gf the
assenbly 41 oas lialapppmage:i ving gashfeed caxireadtoxist Islaehadeamb.to:[xi:i gure
2. Plasma asgqqgl Y nﬁ ’\EJ %%% dnigi’ ?Ssgigé‘é 'd RRWNS thSwS?Efgy 12,
comonl y erre s sou generati i asma

within the plaééﬁﬁlEﬁﬁ%rb‘ﬁs 58‘1%6149&5&395‘ t AB W%rﬁ!‘%@@ﬁcéh et Eﬁ?%g%f t he
type classifimagy be uBedaart as inductively 10 coupled plasma (I1CP). In the

preferred enbodi nphl g3¢ SIIML pasdales 99h%afa 3K MAVIRALN CTedd L&

cylindrical and
10 concentric circumferentially extending plenums 34a and 34b.

The plenums extend through the manifold base 30 and are
enclosed by plate 37 mounted to manifold base 30. Disposed
within each plenum 34a and 34b is a plurality of holes 36,
drilled in the cover plate 37 and extending the

15 circumference of each plenum. In one embodiment, the
plurality of holes 36 are generally disposed at the bottom
of each plenum 34a and 34b and extend vertically through the
cover plate 37. Alternatively, the holes 36 may be drilled
at an angle through said cover plate 37. The configuration

20 of the holes 36 are selected to provide optimum gas
injection to plasma chamber 18 and the number, size, shape
and- spacing of the holes may vary. Moreover, concentric
hole arrays may be drilled in cover plate 37 and extending
the circumference of each plenum.

25 Figure 3b illustrates a bottom plan view of first gas
injection manifold 15. As shown in the present embodiment,
the holes 36 generally form concentric circles in the bottom
of first gas injection manifold 15. Preferably, the
plurality of holes associated with the inner plenum 34b

30 compriseé five, and the plurality of holes associated with
the outer plenunm 34a comprises ten. Figure 3¢ is an
enlarged view showing the preferred shape of hole 36.

Thus, in the present embodiment, gas delivery lines
convey Qaseous chemicals to the manifold 15 via two gas

35 feed connectors 31la and 31b. Each gas is discretely
conveyed through the manifold 15 by passages 32a and 32b, to
circular plenums 34a and 34b, whereby the gases exit the



i ncludes a helical coil 13 made of netal and a slotted el ectrostatic
shield 19 nade of a nonnmagnetic material, said shield 19 being
generally disposed within the coil 13. The 15 <coil 13 and shield 19 are
housed wi thin an encl osure havi ng an inner 27 and outer 28 wall.
Preferably, the iwgpeisyal | 27 is made of -a | ow | oss i nsul atpd¥guses1070s

irraterlal such as uartz ceram c, nd the outer wall be
conprlsed of a®ppifplid 15 qﬁ%ﬂﬁﬁ? RsPBRRLitE PE hales Bﬁasﬁﬁseﬁéﬁfﬁﬁ with
fornmed within gechthberpim.srnmtpodmeeplasmé’hewea:f a8.ed enbodi nent of plasma

source 12 is nore fméﬁﬂw@aaeﬁahmfyﬁdpﬁs%pﬂys ¥ €3012R§ systelifct | S
I ncor por at ed herein by refer tudlnally

I [
ext endi ng and °§PI§Ssﬁgféﬁg§?§§§?€;9na¥g %B B ?FP??*?
shield 25 819.A a!helmg gieditd isuchsed watercimimiccndakedt throud;leclthe c

fields. The shighiledfa rﬂjlt‘beiﬁ%dsaﬁﬁﬁéﬂﬂﬁé;@#gm&om cBELLGEN the coll

13 and the plasnma chanper wher e I'S generat ec 1n one

enbodi nent, t h¥ajptaiming orm tfﬂpﬁﬁﬂt%¥ﬁ(94F¥E$ gpesasient &sfully shield
al | capaci ti ve ififortanponantthe rEaeﬁebnthciﬁ¢1®l%|aseeh¢ theysotfdledl .of

Capacitively coupl ege dg,} Pﬂﬂiﬁc%&k‘ﬁﬂ@ %&aéﬁﬂfé}ﬁ% y W°£’Q°f'asﬁafaiojtqle1%t A

and produce Iarge an enera con roI
Such a pl &% maiptain rfét?ﬁtenés tgmpppature pay dead tphﬁlnls%nw
conpri ses veryaepgeits mnascnmhrcuame mfra@sea:ianaat eeﬂbaﬁém:dv gh

el ectron ga,Pl asme potenti al
damages the reactoéﬂ%q£§ﬁ“£$%eg %Lifﬁg energy pgitlc at the
chanber walls and ‘h dhe: presestt H%" edhiecocling nediun is

7 delivered through cool;ng feed connector 38 to a plurality

15 of channels 42. The channels 42 extend through the manifold
and are enclosed by a cover plate 43 mounted to the manifold
base 30. The channels 42 extend across the manifold base 30
as shown in Figure 3b. In modifications to the invention,
the cooling system may be configured differently.

20 A sight glass 39 is suitably disposed in the center of
the gas injection manifold 15 for providing an optical
interface to view the plasma discharge. Preferably, the
sight glass is circular and is made of sapphire, which
resists attack from the plasma and chemicals. Furthermore,

25 sight glass 39 allows line-of-sight access to the wafer
plane to allow remote diagnostics to be employed such as a
laser interferometer (visible) to observe film growth, and a
laser interferometer (IR) to observe wafer temperature.

Preferably, the manifold 15 has a substantially smooth,

30 planar surface for minimizing the depositing of particulate
thereon. In this embodiment the manifold 15 is made from
aluminum and has a near polished surface finish.

c. Process Chamber
In order to process semiconductor wafers and other ICs,

35 the reactor 10 includes a process chamber 16 which is
attached to and communicates with plasma assembly 11.
Referring again to FIGs. 1 and 2, the internal structure of
the process chamber 16 is illustrated in further detail.

10
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reduces the life of the reactor and creates netal particul ate

contam nation which often ends up in the deposited film thereby
destroying the wafer. Moreover, the hi gh plasnma potential nay adversely
affect the MﬁfEﬁWth&ﬁm,5 processed. By enploying t he shield 1 PCTAINNK/10705
capacitive caup I's. reduced to_ a es d anp by_wvaryi ng the
sl ot openlngspg?fFﬁapﬂg skhe| praeess gha o* c Liﬁﬁ l 4nd 5épling

can be vari ed mdecodi agmapeniahesmpplatscaﬂmﬁnuﬁor The mqﬁSechgubenglé
cl ean oper at | g QWaghG1VNEnk0daLE medhd %o]:oacbﬁﬁaﬁﬂaéih AT LLRYEAN o

deposi tion of naterla surfaces of reater
capacitive coMGiNg #pch as;yatery feaneh °E’P% ‘éﬁd‘ %“gﬂ%é’PSﬁE?gy
plasma to 5 quammelsapanustemumernatively i[msgesmi re tthleeopltas
according 0 qhe euhAdk RALmBEy 1fs { ¥ IRARR! k8N nathed £ 5indMolitBs] S
delivered to t Iasna e I rst gas_injectjon manifold 15.
The r.f. éﬂ&"@’gﬁrlé-sl §thr€E¥%‘EP’?'htt€%e§§ﬁHr§0urées ?Q*Wgh coils 13
arranged ar ourghjéction mantifeld 187 vis disposeticwithingthe provess chambgrasna
chamber 18 intg gtﬂ%i Yahdra gg ,éééhés@ £l sﬁi‘fé@e%#aflﬁeo?a‘ihﬁﬁgt age of
Intro to

the gaseous m)ll are i SSocI at e ormreactiyve
speci es, AfAcl Rommindo® rdng. AbseResitdoned within,the pPrRaess; Fhambgreat er
than 1011 11% Galrerr hupﬁoﬁﬁM@Wﬁﬁ;ctﬁlﬁh;ipartef &rwefler @A toabei gh

density pl.asne ( HOP) f rgqu r.f.
ener gy .be 13. ‘ﬁﬁ(s coﬁ#éf? ﬁigt andar (fte?atsuéggr{: 26 f&%‘&f\;ﬁt&‘iai_iy
typically operaligmest with: shear¥is Phithe Pr°°ess chimber 16, and

second gas manifold 17 encircles the wafer support 20. A

15 valve (not shown), such as a gate valve, is disposed in a
side wall of the proceés chamber 16 to allow access to the
interior of the chamber 16 for transporting the wafer 24 to
and ‘from the wafer support 20. Positioned beneath the wafer
support 20 and substantially axially aligned with the axis

20 of the process chamber 16 is a pump 26 and isolation valve
25.

The second gas injection manifold 17 is shown more
particularly in Figure 4. Second gas injection manifold 17
is described in further detail in co-pending application,

25 Serial No. 08/499,861, which is incorporated by reference
herein. Generally, the manifold 17 includes a plenum body 40
mountable to the process chamber 16, a replaceable nozzle
structure 70 removably mounted to the plenum body 40 and at
least one plenum formed for receiving a gaseous chemical.

30 The plenum body is formed with at least one conduit which is
coupled to the plenum for conveying the gaseous chemical to
the plenum. The nozzle structure 70 has a plurality of
nozzles 44a and 44b coupled to the plenum and configured for
injecting the gaseous substance from the plenum to the

35 chamber. In the present embodiment, the first gas manifold
17 has an annular configuration with an outer peripheral
surface being mounted to the process chamber 16 wall;

11



| npedance, and mat ching network 14a, well known in the art, al | ows
efficient coupling of the r.f. energy into the plasm source 12.
Alternatively, gas is conveyed into the process 30 chanber 16 via second
gas injection manifold 17, whereby the gas migrated into the plasm
chanmber 18 and igwwo¥fesshed i nto a plasma state as descri bedpdirnussérioyos

above. eferring again to Figure 2, the first gas manifold 15
s iIIustrateH°H§V&§seﬂﬁg%H CARLiqUrAtions ase rHmin the fePPSsofyEhe; | s
- appr.eci at ed winkwentienence to Figure 3 a, which depicts a

mani fol d 15 1a séig?fgﬁfgiﬂgﬁ%%@lghelfngéf%%ﬁ :éggggﬁ%ﬁ?ﬂ‘;fi et o
 periphery sur®apiigid; §i¢. StbR Rlenun body 40 has\iyo) payaligl,
- PCT/ US96/ 8 70eircunferentiaklr ebitendingTobannels ol 6l akid 4Bciformedaipltheal ity
of gas in S Sagla Lt égyy 30.
For delivery ggkgggegﬁgfcﬁéhica scééh?%géggﬁi#ﬁﬁdaﬁ , igiggsagﬁ ?sé?y

lines (not shBMtF af cPlenpms ieF Odscrekedy reeeiving the gafepi®sages vi as
gas feed connehefisa$saenpibydkd in the probessimdosi rshe watergaschahnéls
passages are 380Ul REVENE'each c&%ﬁh&k@ﬁakoggs%éé";éu&@Eﬁgﬁﬁd 82 iy oOne
gas inlet passage may be used. he gas 1 nlet passages a and

32b i ndi 3®uarhpwn}athreugly cordivdss: bicand, 86 vis sunmdy Jingech8li adpl enuns
34a and 34b. g0 (ndBesROGNMIT RUPpIRd1iReaUED ahe emnkitend WageidLEfdesr e

intersect the conduits 54 and 56, and is referred to as
"bottom feed" of the gases. In an alternative embodiment,
the supply lines 58 and 60 may be configured to extend

15 horizontally through the process chamber 16 wall, as a "side
feed."

. "Preferably, a baffle 62 formed with a plurality of
openings (not shown) is mounted in each channel 46 and 48 as
is known in the art. Baffles 62 interrupt the flow of gas

20 from ‘the conduits 54 and 56 to the nozzles 44a and 44b
adjacent the nozzles to diffuse the gas and more uniformly
distribute the flow of the gas arocund the circumference of
the plenum body 40. The configuration of the baffles 62 is
selected to provide optimum distribution of the gases and is

25 subject to considerable variation. Moreover, the baffles 62
may be omitted if desired.

The nozzle structure 70 is removably mounted to the
plenum body 40, covering the channels 46 and 48 enclosing
the plenums. The nozzle structure 70 includes a plurality

30 of first nozzles 44a substantially aligned with the channel
46 and a plurality of second nozzles 44b aligned with the
channel 48 for injecting the gaseous substances retained in
the plenums into the process chamber 16. The size, shape,
spacing, angle and orientation of the nozzles may vary

35 considerably. The nozzles 44a and 44b are preferably
configured to provide the layers formed on the surface of
wafer 24 with a substantially flat profile.

12



encl osed by plate 37 nounted to nmanifold base 30. Di sposed Wi t hin each

pl enum 34a and 34b is a plurality of holes 36, drilled in the cover
pl ate 37 and extending the 15 circunference of each plenum In one
enbodi nment, the plurality of holes 36 are generally disposed at the
~bottom of eaghophaRdM 34a and 34b and extend vertically thpewgsossons

cover plate 37. Alter atlvel t he hol es be dr n angl e
t hrough sai d cover PBF g‘[‘ (?Hzftg‘ﬁrﬁ??ﬁ 5000 faqc*]m&iggi‘gﬁf
sel ected to pramridg chvmmtg:gssmg iof] &bei vafen 4 asthe giamzder 18 and t he
nunber, size, s%'%%%ure 76 Nfks SHaddun tho the Prasésa [Ty ges Yp5ee¥E6n

concentrlc | e_array b rilled i ove e 37 and extendin

t he c¢ircunf eré‘ﬁé’gf&l e%?:hfil%gr/ﬁﬁﬁr Y groun @?‘SU‘F%{%%% 53’55 a botto?n
pLgndyieM/sf fatrnictgre 70 is nfemiedomandielectitic Amtdmial.i n t he present
enbodi ment

bott om of fi rs?aggggif%f&:?fsgﬁgﬁ#aﬁ%g Er eé%ér';sblci;{ (Hlﬁﬁ &Qnéf‘f‘y
plurality of R}as8a;8RRanGed LR tﬂ%sliﬂﬁel’eﬁ?‘é?ﬁrﬁ§@%@ff68ﬁﬁr‘P%e'%h?| ve,
and the pl ur algasy £abwhef csactsar isaiotr] asi the high hdensdty of mhnrrp:lsisma

conpri ses tenf:!% qg&epégsgéﬁ%rbf thee’iJe%E%g ibe&n%@%gl ¥har'3 'Qrﬂge |(/er

shape of hole present e ment, gas y
l'i nes 18 on\AS, coBRRYES 'E%éh?’('ﬁal?‘acrb Wemﬂﬁﬁ?-'f%‘l”a ‘1@‘(&’5‘1% BaesmE | ce(g
connect ors 3lanhaticédbsystamd, ganl ithediredatiee)y higlt eslemtadn hr ough t he

mani fold 15 b%&gﬁg}%ﬂﬁf‘ﬁ?a Alcdtle bE the ﬂJ&“'&faﬂﬂeﬁ“BﬁEséﬁ?@a”%ﬁ4b’

wher eby the gase
mean free path is large and causes quick dispersion of the

gaseous chemical away from the injection point (i.e. the

15 outlet of second gas injection manifold 17), thus the close
proximity of the manifold 17 to the surface of the wafer 24
allows the efficient use of chemicals and promotes a uniform
gas -distribution across the wafer plane. '

As mentioned above, for securing the wafer 24 during

20 processing, a wafer support 20 is provided in process
chamber 16. The wafer support 20 is generally described
below; however, further detail is provided in co-pending
application, Serial No. 08/500,480, which is incorporated
by reference herein. Referring to FIGs. 2, 5b and 7, the

25 wafer support 20 generally includes a support body 50 having
a support surface 52 for retaining a wafer 24, a voltage
source 74 coupled to the support body for electrostatically
coupling the wafer to the support surface, and a cooling
system 78 for cooling the wafer. The cooling system

30 includes a plurality of gas distribution grooves (not shown)
formed in the support surface 52 for uniformly distributing
a gaseous substance between the wafer 24 and the support
surface 52. The cooling system includes a restriction
mechanism (not shown) in the conduit between the gas source

35 and the gas distribution grooves to substantially prevent
catastrophic separation of the wafer 24 from the support
surface 52 in the event a portion of the wafer becomes
separated from the support surface 52. At least one arm
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mani fold 15 through a plurality of holes 36 associated with each

pl enum into the plasma chanber 18. The first gas manifold 15
enpl oys a cooling system for cooling the manifold 15 during operation
of the reactor 1§%oemmsA4cool i ng nedi um such as water is circul gicygosbéroresoh
t he mani fold .15 t rovide supstantially uniform cooljng.

Mai nt ai ni ng WinuciaiRe rBYg ?Ihg ep@l’“é P gg‘g} ggi’rﬁ)g'ﬁ%Plﬁst?he

reaction taki rtherrescess chanberfiéowifh the spppantcbody 5@ andytheaeume
dependent. Mrgswsr 2labeihg sepdfated rﬁﬁmtlﬁanbbaﬂbmt@ffpﬁiéltpﬂdéaﬁﬁy | ead
to flaking of Its S S conponents,
t hereby creat i%hmp%%?ﬁgﬁl apgge%gf?ﬁe Sys gé%% l" ilgdtﬁlé é)%é%‘fg:dpresent
enbodi ment 8 t eny kbei awmi Bember (& iigemountadotoha ceartinge eed
connect or 38 tgsgenlly 86, WhiBhOin CHASS réleadhB1feoaeen 4% DiheRd20

.through the ni f.ql d and are enc] osed by a cover plate 43 ' nbunted to
‘the mani fol dmat" "8&@”@6#8%8‘%%%& * 42 extend across the manifol d base

30 as shown i n Thegwafefhb24 is Imnbfédunntonanﬂorahsedrﬁmnmiﬁhﬁ t he
cool ing syste Lgu I f Y iﬂﬁ%1 agRead9 IS
suitab?y éispgie fﬁﬁfﬁgﬁgbﬁtg?dgi 4 f¥€ﬂ¥uﬁgg§g?ﬁfé%tf%ﬁtﬁénl_3gd ?@efor
provi di ngi8n ohtfting assepﬁﬁgrfﬁﬁ udes \# RLLEY QRel HELing RjDs 84

Preferably, tlwhich exitgh@ thmeughs aperiirms formed imdehefsuwgoiti re, which

[osists attackshifiid B9 BhaSHR S1cEARE Gsinbly’ (HEE Midunp> shedNt ol ass

39 allows |ine-pof-.sight access to the wafer pl'ane to_al’l ow renote

di agnost i cs tol&ﬁ¥%9ﬁb939§d8§u653dg°¥?b1¥ between an extended position
whereby the pins retain the wafer 24 above the support

15 surface 52, and a retracted position.

' The wafer support 20 employs a cooling system for
cooling the wafer during processing. A gaseous substance
such as helium, argon, oxygen, hydrogen and the like, is
distributed between the support surface 52 and the wafer 24

20 to provide substantially uniform cooling across the entire
wafer 24. Maintaining the entire wafer at a uniform
temperature during processing significantly improves the
uniformity of the layers formed on the wafer surface.

In the present embodiment, the wafer support 20 is

25 particularly adapted for use with PECVD processing. The
electrode assembly (not shown) includes means for applying
an r.f. bias to the support body 50. Electrode assembly
includes a pair of electrical connectors (not shown) which
couple inner and outer electrodes and, respectively, to an

30 r.f. source 23 and a matching network 22. Applying an r.f.
bias to the support surface 52 increases the floating '
potential of the plasma in the localized area of the support
surface 52. The self-bias induced by applying the r.f. bias
to the support surface 52 accelerates ions diffusing into

35 the plasma sheath in the region of the wafer support 20 and
towards the wafer 24. This enhances sputter etching which
is desirable in the formation of void-free layers of
material on the surface of the wafer 24.
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| aser interferoneter (visible) to observe filmgrowh, and a | aser
interferoneter (IR) to observe wafer tenperature. Preferably, the
mani fold 15 has a substantially snooth, 30 planar surface for m nimzing

t he depositing of particulate thereon. In this enbodi ment the manifold
15 i s made fromyygoeygdsyni Num and has a near polished surface fpgielosnores C.
Process Chanber In order to process sem conductor wafers and ot her
"1 Cs, 35 the react oFRROEre@YensE of Fhec &£ . ching appideathiteh the wafegrt t ached
. to and comunisuppert\2thiplwitmimthetangeélof 1-edRefd.r | PreTegably) tHds. 1

and 2. the | nbeiale SLLULY S Yne proshs BREEE %S EMEekG et kEbYS! 2l e

in further detail. L.
97/ 03224 that of the wafer support 20 to miwimizsodrRERSHCY beptimgy abl vy,

. the process clpreferably) Stity | fretiendy aﬂfdfi.i. app THRGE t&f mmheé%-al such as
i roulating o SbpREE S0°le Wit ainaredt’ 390 M, i RS PRRER BEhrfh i
the process 512hopetrtes afappraximatedynas;$6/¥H2H sposed on the outside
of process chanber ph#ing prdckis iy, "tha! #hbet 'f1 WP GBI tione@NBAPERe 16 at a
Corer AN TP B E: e PSS Es Ihha parklbSTarfy PTled un 1irkar ‘R0
10 54, by a transport device known in the art (not shown). DC
voltage is applied to the at least one electrode of the
wafer support 20, to electrostatically attract and securely
retain the wafer to the support surface 52. After
processing the wafer'24, the electrode is substantially
15 grounded in order to sufficiently deactivate the
electrostatic charge for release of the wafer 24 from the
support surface 52. Preferably, the support body S50
includes two electrodes whereby positive voltage is applied
to .one electrode, and negative voltage is applied to the
20 other electrode. After the wafer 24 is removed from the
process chamber 16, preferably the polarity of the
electrodes is reversed for the next wafer.
‘The unique mounting of the wafer support 20 in the
process chamber 16 is of particular advantage in processing
25 the wafer 24 substantially due to the promotion of _
symmetrical gas flow. Referring again to Figure 2, at least
one arm member 21 mounts the wafer support 20 to the process
chamber 16 such that the wafer support 20 is suspended with
the process chamber 16. Suspending the wafer support 20
30 such. that it is removed from the bottom of the process
chamber 16, unlike prior art systems, offers improved flow
contrel during processing and increased flexibility in the
design of the overall reactor 10. In the preferred
embodiment, the vacuum system pump 26 is substantially
35 axially aligned with the process chamber 16, minimizing the
footprint of the reactor 10 and improving the effectiveness
of ‘the punmp during operation.

15



16 and generally extends along the surface of the chanber, 10 formng a
ring. Also positioned within the process chanber 16 is wafer support 20
whi ch supports a wafer 24 to be processed. Preferably the wafer support
20 is substantially aligned with the axis of the process chanber 16,
and t hus, sewowgnas nanifold 17 encircles the gafer Suppoﬁkgﬂﬂmaf?@ﬁf
val ve (not shown), such _as. a e valve, i s disposed in side wa o]
“the pr (()cess chan_%)elf“fé‘l}f’g e g&#ﬁm%‘%?’f‘% 5§1e £vo ePHP@F'Fﬁ?t%Wﬁ fe&chanber
16 for transpovafer) supporsi 30 Rgunted in die Proceshechahber sippae 20.

Plosi ti gned Eermm z b&;\g&&am tﬁ&%tme%@@ggz%gbﬁgégﬁiﬁl&?&gﬁy y
aligned with the axjs Q ocess cha

i solgat i on val v€ )8 wall °§ Q{fﬁ WS%E‘”FHJ %Et? WS a7 | s
shown nore5 dqmmhedulmr Wgunergurlmvm“Secartd igatoi be candexrstood fthhd 17

s d | bed Yombah det di a No.
63/483ngle w“?g% IS |ncg§ﬁ§?gtg QE Q?éLE%g EREEEaébgfiiéﬁaﬁﬁggﬁ ly, the

mani fol d 17 i YRR, TR ﬁn?ﬁﬁﬁ?sﬁthamheﬁoéﬁtaBFE Y&8Yhe process chanber
16, a replaceable mmmzhambersSZINCanuEzihlareﬁeuehlioﬁﬁﬂﬂtﬁitﬁ<a the pl enum

0 d (o]
oheni cal g0 TienakeuBinaa g eREERNING YIFR €oOhs] SEELILIGE U FMRRe |
coupl ed t& t heskffl eﬂ-‘&ﬁl PBFecBﬁvE?‘FrEf’! rwm&s;eaas Prevides a cconduithgremenum
The nozzl e st rthe suppdfthbedy sbutdilﬁne(éhectrlaalZé&ﬁné&ﬁku%ﬂ%z4éhdceﬂp|ed

the plenum to ‘?ﬁ‘*’%&gﬁhﬂrEﬂef'Fie?%re°d§rye§§ﬁ#ggn%§§?ﬂ3%f3f’$ : g "
nani?old voAtage sAuUERAUT4r cE#ﬂﬁhﬁMba?ﬂsﬁt“#FhlampnnsQ#oqaaﬁﬁphadass

'surface bei ng couplectheor be $60FES Xty RBe &BetBlbdes. The gas source

15 76 and the fluid source 78 for the electrodes assembly are
connected to the support body 50 through conduits 72 and 74,
respectively, which extend through the bore 60 of arm member
21b. Alternatively, Figure 5a illustrates the use of one
arm member 21 mounted to process chamber wall 16 whereby the

20 fluid source 78, gas source 76, dc and r.f. sources 74 and
23 and their respective connections extend through the bore
of arm member 21 to the wafer support 20.

"Operatively attached to the process chamber 16 is a

vacuum system for exhausting the reactor 10. Referring

25 again to Figure 1, the vacuum system includes a pump 26 and
preferably a vacuum isolation valve 25 positioned beneath
wafer support 20 and the bottom of the process chamber 16.
Preferably, the pump 26 and valve 25 are mounted
substantially axially aligned with the process chamber 16.

30 such'inventive "Yon-axis" pumping is of particular advantage,
and promotes symmetrical flow of gases within the reactor
10. Pump 26 and valve 25 preferably are a turbo pump and a
gate valve, respectively, as known in the art.

A particular advantage of the invention is the

35 symmetrical flow of the gases within the reactor provided by
the inventive design, and the corresponding reduction of
interference with the symmetry of the pump flow in the
raegion proximate the wafer 24. Referring to Figure 6, the

16
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ot her configurations are within the scope of the I nventi on. As
shown in Figure 4, the preferred enbodi mrent of the mani fold 17, the

pl enum body 40 has two parallel, 5 circunferentially extending channels 46
and 48 forned irwbbﬁoszu pl enum body 40. The channel s 46 and 4cP@sdernaiosy

define a alr n |screte receiving the gaseous
chenicals enmp Mﬁt’f' e&ﬁ‘?" gg'ggﬁgtﬁ? YeRCLOR 4O 1enkpREesented Ay and 48

are each conng%oedlines. gas source 50 and 52 (not 10 shown) through

condui ts 54 and 56Ac\!éé’r&iﬂ230|t\5 k:h&eixﬁéné{@e readtdtaLasPPEY y lines
.58 and 60 extggd Vfl’tlca| i.nt er sect e condul ts an " and is

referred to gideqmovnked sWtﬁﬁtﬁl $LRPPRXY 20 and
enbodi mens, thetbw-aig)lguﬂpinqsfaﬁmaadumygahed&etfigutwhtsys‘hﬁmand 15

hori zontal |y {hgeupd :i ﬂ&cgéwﬁﬁéﬁérﬁé@maﬁaﬁ@w §f ases nﬁ%qnnovm)

Preferably, a baffle or ne ngs (no
i s nmounted i nt%%lc?P%‘FFa?ﬁelloménﬁnBaHE gglarly |t§ PESRA ?—nu’c‘h%méﬂ‘t Baffl es 62
i nt errupt thedépmtrtoxgama%r étenihyecacrosbiithe wafepd2hb to the nozzles

44a and 44b I d uniformy
distribute the fI P%?[Ht hsgIagggggéoﬁﬁdﬁ?%%%#(:ume@ﬁgﬁiée@? °£r[hﬁ1e pl enum
body 40. ¥he E%YR‘PW% |"6'f‘FrGF-nt fcPlurality @of jreactorgcl@erdxe® provi de
“opti mum di st rchﬁem&fbyt lac cORMOA BRdnsport> medwlects kﬂoﬁﬂnﬁh A ire,

Tre! ool st POE Bt g b Sha Py o Tpeliall B wlaskil 'S,
b, 10c and 104 may perform a separate processing step, or
the same processing step may be performed in each reactor.
15
D. Operation of the Reactor
To promote extension of the plasma into the process
chamber 16, the inventive reactor induces a petential
gradient causing diffusion of the plasma. Plasma is
20 generated close to coil 13 ‘and will diffuses out in any
direction. Referring again to Figure 3a, first gas
injection manifold has a surface 41 which acts to reference
the plasma to a voltage potential. To direct the plasma,
first gas injection manifold 15 preferably is grounded which
25 induces the plasma to generate a slight positive charge at
the surface 41 of the manifold 15 (i.e. the plasma
potential). Alternatively, first gas injection manifold.15
may. be held at some potential, instead of ground. Thus, the
. plasma is referenced to a particular potential in the
30 localized area of the surface 41. The plasma extends into
the plasma chamber 16, and ambipolar diffusion of the plasma
will replenish any loss of charged particles in the process
chamber 16, providing for a steady supply of charged
] particles in the region where chemistry is taking place,

'35 i.e. at the wafer support 20. Moreover, the plasma generated
is a ¥Ycold plasma," i.e. the plasma potential is low. Thus
the potential at the walls is very low, so the plasma is
less likely to erode the walls of the chamber which

17



pl enum body 40, covering the channels 46 and 48 encl osi ng t he pl enuns.
The nozzle structure 70 includes a plurality 30 of first nozzles 44a
substantially aligned with the channel 46 and a plurality of second
nozzl es 44b aligned with the: channel 48 for injecting the gaseous
subst ances r et aiy@9mbitu the plenurms into the process chambepcifsssiibms

. size, shape, , ,spacing, .angle and or ntation of the n zles may vary 35
consi der abl y. ml?ﬁﬂgﬁ%%zﬁ'&tag' Fonkgmingtion. pr&ﬁﬁm&b conf igured to
provi de the | sybstahbiadkly duet o Sbefetecttostatinade824 WwPt which

substanti al | yghk-8bsPENd igr@imary ionization mechanism to be inductivél?
WO 97/ 03224 PCT/%S%&/10705

Buring operation oPp?’ﬁé"f%mTO“aﬁdfpa}FH%ulaaﬁeS} ﬁu?‘fnb"%
' processi ng of athbham&feﬁﬁupploe‘tnaﬁzand wafex radct uCentoilsofxbhecseldH t he

plasma. The dggal e eectdBbyOblndladrify ¥/ i o062 ERE taridl G0 ! N

nozzle 5 structure orne ectric teri al Mani f ol d
17 is of parttB8l R a%dﬁ%ﬁﬂzﬁﬂ?rﬁﬂthrgﬁuﬁénE?Y§'and tﬁFa?ﬁEaeﬂﬁaFE%dwifﬁy
processi ng betaueneocémbditiniitc during the depositsicn opexrhtion) othess=lf as

the high densiiteOkchbfelitMons trbiochg b6 Whitath 1HLhEXFLRL O

| ess than 3-4
10 to the surface of the wafer 24. The ions sputter etch the

layer of material as it is deposited thereby enhancing
deposition of a void-free, dense good quality film. The
r.f. bias applied to the wafer support may range from 75 to
400 volts, and preferébly is approximately 300 volts for an

15 r.f. bias power of 1700 Watts.

It is desirable to choose the bias frequency such that
it minimizes interference with the freguency of the plasma
source 12 (i.e. intermodulation), and yet is sufficiently
high in frequency as to allow for the induction of the dc

20 self bias at the wafer. and to achieve such bias without
excessive power requirements. Cenerally, lower frequencies
generate larger induced voltages at the cost of ripple on
top of the induced voltage. The sputter etch rate at the
wafer 24 surface is proportional to the induced bias. An

25 acceptable compromise if found at frequencies greater than 2
MHz and less than or equal to 13.56 MHz. The preferred
embodiment employs a r.f. bias fregquency applied to the
wafer support 20 of 3.39 MHz; whose first harmonic
coincides with a Federal Communications Commission (FCC)

30 6.78 ISM frequency ( which stands for the Instruments,
Scientific and Medical fregquency band), and is sufficiently
different from the r.f. plasma source 12 frequency to
prevent intermodulation thereby minimizing control systenm
instabilities. .

35 The dependency of the sputter etch rate on the bias
frequency is illustrated in Figure 9. A wafer 24 with a
layer of oxide is placed on the wafer support 20. ‘The
reactor 10 pressure is approximately 1.8 mTorr, and argon

i8



10 as conpared to nore than 100 niforr for conventional plasma enhanced

systens, and the relatively high electron tenperature T[err]. Because
of the | ower chanber pressure, the nean free path is |arge and causes
qui ck di spersion of the gaseous chem cal away fromthe injection point
(i.e. the 15 Gupbabssy second gas injection manifol d 17), thpeT/ASencisse

proximty of the mani fold, 17 to the surfage gf the fer 2‘73*% all ows the

efficient us@d% ahERPEIFLmALRLY, 10f, Seem, 18, N)‘l"‘?‘ﬁ'e PEOGEEE on
across the wadl-amhdraae. Two diffa%enmmlasnede@humeéprasﬁCMzngndhe waf er

24 durlng 20 I I ng u cess

chanber BOS%C?E% aré‘ H@é%ieé %2{%?:2% esc gfd}'qgegow however,
further det aiRlqtted G§| ﬂe ’P‘Fl R fh P°"eﬁpﬁ’? qd Fip the wateRo.

08/ 500, 488, vdup;ibmzonﬂorpmatﬂtb fredquencdééer ence herein. Referring to

FI Gs. -2, 5b and 7, I e support
body 50 havi ng Ciggguppor TW F%Q],gg[‘%{% é]:é(eéé}&]. ‘{q, %E% a vol tage

source 74 comﬁﬁaéﬁ:qrolphea%pﬁfﬁt°%(ﬁj)PWCBP-E€t?%‘Fm dﬂﬁfy PrOxJ-@éﬁﬁl i ng
the waf er to wa-.wmanét 34rimcenhe riboessochafiier 16 Sy Urnpai-tieulspol i ng

Lhe el ot TAREAoR S8 et 5] Y4ot3, BLALELI Yool llonl Lput 1 on

grooves (not ort sur ani
di stri buiPng injectignsmanifald iy e %ﬁ-ﬁeeﬁ@ﬁ@ﬂ\m@wm fox %port

surface 52. ®he cwrragtsyqéwam ufiesoxas&agtehstwmr snpﬁaﬂwmw (not
shown) in thetbctf (LL‘I'&FPet rg_fﬁlsgg‘%ﬁ 3 ﬁe‘? qﬂf%rkbutlon
grooves to su antla preven tastro |c sep hie® waf er
24 fromthe RPFeNts 1“@@”&%"’@"32 Hﬂ*l”i farepght the mﬁm-ﬁﬂi%flﬁ-he waf er
becones TR i0g hgeiht 6 FLARW 4,S¢hbasecrd dis | Bifdctdeon arm
13 15 wmanifold 17 is well grounded through mating surfaces 80 and’
81 which are preferably plated with a suitable material such
as nickel to enhance the metal surface-to-surface contact
between the plenum body 40 and the nozzle section 70. The
interfacing surfaces of the metal are designed to promote

20 low impedance contact and employs a special gasket material
such as a spiral shield known in the art. The manifold 17
is coupled to ground and the mating surfaces 80 and 81
provide the return path for the r.f. energy generated when
an r.£f. bias is applied to the wafer support 20. The r.f.

25 currents travel along surfaces, not through the bulk of the
metal; accordingly, the gasket material is placed close to
the metal interfaces. Moreover, the placement of manifold
17 within the process chamber 16 is important; the manifold
17 is placed in close proximity to the wafer support 20 as

30 compared to the proximity of the plasma source 12 and first

" gas injection manifold 15 to the wafer support 20. The
circulating r.f. currents generally encounter the second gas
injection manifold 17 and are removed before encountering
the other components. In the event the r.f. currents were

35 to.return through the plasma source 12, unlike in the
present invention, the resonance in the plasma source 12
could be adversely affected. Also, as described above, the

19



WD 97/ 03224 PCT/ US96/ 10705 menber

21 extending fromthe support body 50 is nountable to t he process
chanber 16 with the support body 50 and the arm menber 21 being
separated fromthe bottom of the process chanber 16. Referring to

Fi gure 7, in the%ﬁg%% 5 enbodi nent the arm nenber 21 is rmmwl;gkmms
“carriage asse which in turn is releasably secured % plate 29

to the processteEGare sutficientd ¥ diLferent st RESEND nd rai sed
fromthe sgmdencesf.ace 52 by a |ifting assenbly (not shown). The 10

!['h‘; ELS% ZBZ?[‘BLZ‘S' el Sc%o?lhi'éaésf tehedfirvehlciBe Eé aﬁf‘i%ula Cht exgend
in P r and a ctrode

assenbly (not %ﬁrﬁi m%ﬁg prov ‘fré:%?]ﬁy §E¥’§KF fﬂn‘f r%%é

ext ended pasitdpnrationmbyrpbpvi&rngnzanlaﬁimmnothshaatef-Zmﬂammnhs Bhd

support 15 rsrﬁ Tadifa i%t F‘X'EQ.ai Bftﬂ?&ts%im‘&s b de first manlwd"@fser

support 20 e oys cool 1 ng system for CcQo

durin
processi ng. Afg-'@bd%@ yagerafuBPoOrt 2Q,ch Suchndepd % 1%?HFogen
and the |ike, pgdtentiadl ats thet sdrbie\erin dfheheuest gas fmaﬁﬁ«nm tbe

e 2t 20 e M, R B Al BRSS! [
processi n@0si Qh‘ﬁl@amnltﬁﬁﬂ-@vébet##tem mAY] ﬁéfﬁ?yfﬁ?‘“t‘}ﬂy 1% &Y f or med
on the waf er sidgeiing upon thel amdlift W FAA=manboftacdivitihahe stirraspport
20 is 41 of the first gas manifold 15, causing the system to drift
and adversely effect the repeatability of the deposition
process. It is important to note that the mechanical
15 configuration of the second gas manifold 17 may vary
considerably while achieving the same r.f. return function
as described above, and that all such mechanical variations
are within the scope of the invention.
As mentioned above a particular advantage of the
20 invention is the symmetrical flow of the gases within the
reactor provided by the inventive design and the on-axis
pump in particular, which corresponds to a reduction of
interference with the symmetry of the pump flow in the
region proximate the wafer 24. Referring again to Figure 6,
25 the symmetrical flow within the reactor 10 is represented by
flow lines, and shows desirable uniform radial flow at the
wafer plane. At low pressures the mean free path of the gas
is relatively long, providing fewer collisions between
molecules. It is desirable for the gas density to be highly
30 uniform in the area proximate to the wafer. This is
enhanced by the reactor by providing equal effective pumping
speed around the wafer plane at the wafer support 20. Equal
effective pumping speed is accomplished by axially aligning
_ the wafer and the pump with the process chamber, so that the
35 geometric orientation promotes equal-distance flow around
the wafer. Thus, the flow of gas is symmetrical across the
wafer which enhances uniform processing of the wafer.
Moreover, during the reactor self-clean operation, gases are

20



25 particularly adapted for use with PECVD processing. The  electrode
assenbly (not shown) includes nmeans for applying an r.f. bias to the
support body 50. El ectrode assenbly i ncludes a pair of electrical
connectors (not shown) which coupl e inner and outer electrodes and,
respectively, tayv@eoyeeas r.f. sourcef23 agg a natchlngtﬂetrfrktﬁ@nmﬁgﬁbm$ng
an r.f. bias_to ort. surface I ncreases e floatin

potential of PFEE BF&@?A& f‘i‘FP Tred Fhrengbgfirss s vindeshisoy Pﬂnif°§ﬁr¥%ce
52. .The sel f - sndshawiing cthd\pumpplajiong the axis df asymmetrtyOehhan&uaport

surface 52 acgﬁhgaﬁheéaéQﬂﬁwﬂ'E&Hﬁkﬁﬂs'eieaﬁ Jé?ﬂ@n@s §8ﬁ§ﬂ|s enhanceS

regi on of the_waf sugpor 20 and t owar d wedf er
sput'ter etchi §aﬁ§ . is desirable in the fornatlon of void-free |layers
of mat&eri al on'.l'hdaeime'ri'lzﬂcm afeatterwabedefilgn promotes deposition of

14 . rM[*

PCT/ Us96/ 1070815 £ﬂfﬂ%§é&3§ﬁ§?‘“§? PRTe5: 102878, 3PPeq RERF vaf er
support 20 is4fi LR Hr?ﬁied?daﬁﬁénﬂﬂ 2. gubRFEate &g sridh @ plmzalityrof
frequency of tewvipkafemtwms @latd iforfed§ Eheréods OMhe gabhapatinghe waf er

support 20 toy z akh g fer the fre of
r. Fp applied tgh?ﬁgh &?\H@lﬁ%&rgg Pig all‘% %ﬂ fiomosgr% I\/Fqur% t he
pl asma sotft ce9aP spacing between device features 8la and 81c 15 0 30

microns. 'The aspect ratio is 2.5:1. An oxide layer 82 is
deposited on device features 81 and substrate 80 in the
reactor of this invention. As shown the reactor 10 and
method successfully deposit void-free layers filling the

15 0.25 and 0.30 micron gaps with excellent step coverage.

Referring to Figure 11, the deposition rate as a

function of r.f. bias applied to the wafer support in the
invention is illustrated. The deposition rate is normalized
and is represented as: the deposition rate per silane flow

20 (in microns per minute per scem) which is then plotted as a
function of r.f. bias power (watts) applied to the wafer
support. _

The foregoing description of specific embodiments of

the invention have been presented for the purpose of

25 illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms
disclosed, and obviously many modifications, embodiments,
and variations are possible in light of the above teaching.
It is intended that the scope of the invention be defined by

30 the Claims appended hereto and their equivalents.
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12 operates at approximately 13.56 Mz. During processing, the

wafer 24 is positioned on the suppert—surface—52,—and particularly

pl aced on lifter pins 10 54, by a transport device known in the art (not
~shown). DC voltage is applied to%t1 REAE el ectrode of the

- waf er support 20wgenesi@ctrostatically “ curely POTAUSOs/M07081 €
wafer to the ort siirﬁace.SZ. After the wafer 24, the

el ectrode is At 5 grounded in order to sufficiently deactivate

t he | el ectrostatic charge for release of the wafer 24 fromthe
support surfaag 52a Bigkfhobhifanddif chisghilehah PPE¥esfing rdddtidides two

el ectrodes whereb ggm tive voltage is applied to one el ectrode, and
negative vol t&&@p%é' Bﬂl'i ed to the 20 other electrode. After the wafer

arm nmenber 211\%%2&3ggggi¥g£e%a§%ogo}m2§eég#$% process chanber 16

such that the ort 20 1 s suspende ] t he process chanber
16. Suspelli ng t he 3wRFEFeSH FRARbeX) communicatingwith jthe plasaa thambene
bottom of thewherebysthe plLismbdaxtbhdsuihtbcs@id Qroddsss thiaaler;of fers

' d fl | ' ' d_f.lexibili '
the < Cdesi gn of PrdeEdt S Red” BRppRrL iR 4 WAFERT kgia VamhE o) ront

the vacuum sySUPRPEtin@isposed simfadd: prprgseschapbexriy aligned with the
process chanber 16a se8bfd zga ndiifold,l adkposéd I 441 peecest éRafbér
I mprovingd heaﬁﬁf e&hbi@&ffﬁg said’ nvagé% QHBBOI(;‘E 'r ' £k O&)ierre%tl:ligg reactive
gases towards said wafer support whereby the reactive gases
interact with the plasma to process the surface of a wafer
supported on said wafer support; and
a vacuun system for removing gases from the bottom of
20 said process chamber.

2. The reactor of Claim 1 wherein said source of

electromagnetic energy is an inductively coupled plasma
source.

25 .
3. The reactor of Claim 1 wherein said source of
electromagnetic energy comprises a helical resonator and a /
capacitive shield disposed within said helical resonator.

30 4. The reactor of Claim 1 wherein said wafer support is
attached to at least one surface of said process chamber,
such that said wafer support is suspended within said
process chamber. '

35 5. The reactor of Claim 1 wherein said vacuum system
comprises a turbo pump.

24
is renovedfromt he plaspaochawbexjanber 16, preferably the polarity of the

el ectrodes is revegs r ffedt f [ spupLt kag of
the wafer suppqQrt %Ofiﬁéﬂhgiﬁ'ei rog'\g?s%%ﬁ%ﬁgé? ‘_;L%mrs o) @&g&??&&?agﬁi&
advant age in E’S‘Gé@?sf’ 5““%3” e ing atpieastiome \fiF®E @3Sthe pronotion
of symret ri cal agesuttevof Refetrongagngtic enefdgyufcr 2xcitingashid atone
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Turning to FI Gs. 5a and 5b, two erlb ecgReplaced waf er support 20
nounted in the process chanber 16 m Preferably, two arm
‘menbers 2la and 21b extendi ng | of the process chanber
16 are enpl oyed 3§ oy, picted in Figure 5b; however, it is topbfuses10705
under st ood t hat the nunber of arm nenbers 21, and their position where
attached to tHe pr JBBsECRFEAHSE Fraim P yheyein said vacypn,systs® s 21a and

21b are each ffurthér\cblippises a |vagium disodhtyonxvaivi idpwsedcbetveen

illustrated in ki m é!;pem%r saf gg[eg ovi des a
conduit from %aidggﬁgcéﬁﬁggg? ody S| %&? Pﬁgseﬁégtir:?ca € n%eag' ors 62 and
64 -  whi ch REOGese chambeecfFreRaald RWP-waf er support 20 to the

vol tage sogrce 74. Further, electrical connectors 66 and 68 coupl e the

r.f. source 23 to Epgcﬁggéé:?gzg € ﬁTﬁ? Y3he2hCEaia ?egcgmfd(;%%h%aﬁkk‘&f?

source 78 for t'he & y are- connec e” suppor

body 50 t hrouditcdydesi aspiurakity of spacedeonpeelescfor distaribadnad t hrough

the boree 60 ofgade® pREREhate toddid Aldfrnatively, Figure 5a illustrates
t he use of one arm nmenber 21 nounted to process chanber wall 16

whereby the 20 fluid source 78, gas source 76, dc and r.f. sources 74 and
23 and t haPr r@&spefhevreesghorcef Rlkaigxtlevberpinughid eatey supporyf arm

nenber 21 to tduhpiakes &UBABHErE Chody hévin? arsaphbrel su@ddciclked to the
process chanb uum system for exhausting the reactor 10.

er .S _a v
Referri.ng 25 ra‘d:aqﬁ'if'g ﬁ?éﬁrgg ®T% he” vacuum system i ncludes a punp 26 and
a voltage source coupled to said support body for

electrostatically coupling said wafer to said support
15 surface;

- a cooling system having a plurality of gas distribution
grooves formed in said support surface and configured for
uniformly distributing a gaseous substance between said
wafer and said support surface;

20 at least one member having two ends, one of said ends
attached to said support body and the other said end
attached to a surface of said process chamber.

9. The reactor of Claim 8 wherein said at least one member

25 is attached to a vertical surface of said process chamber
such that said support body is suspended within said process
chamber. ' :

10. . The reactor of Claim 8 wherein said at least one member
30 is hollow and contains therein at least one conduit for

passing cooling medium to said support bedy, and at least

one conduit for coupling dc energy to said wafer support.

11. -The reactor of Claim 10 wherein said at least one
35 member further comprises at least one conduit for coupling
r.f. energy to said wafer support.
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preferably a vacuumisol ation val ve 25 positioned beneath waf er support
20 and the bottom of the process charfhiéShestias Been Replacker abl y, the punp 26
and val ve 25 are nounted substanti ligned with the process
chanber 16. 30 Such inventive "on-axi of particul ar

advant age, aR8 ob) tes symmetrical flow of gases within tlperasssms
10. Punp 26 and valve preferably are a turpbo punp and a tf val ve,
respectivel y, 18s kFaerreartar of Clain 1 wner%’b%‘r@dﬁ%ﬁ“aﬁ\’ﬁﬂ?&ée Bf the
invention is hbtadhedytdrd lcanaliableoussémbly, gasksaid ivarringer asgewply
provided by 4o ADEabHUEN il pEOBesd nkiieCOdREP LNl 8dVaE LR Of
interference W't Ae symmetry of the ung &|OM/In th(;1 regi on proxinate
t he .waf er 24.SPEPGFFiﬁﬁVtQPFﬂiﬂﬂWSGGFrPﬁes id process chamber.

16 / 5 WD 97/ 03224

PCT/ US96/ 1070 Y. ' ht D e, ' ted
by flow i?hes".rhg %&6?%&?} g:il‘r?\é\ﬁt ght éeﬂ?né/ée‘f;ﬁ:if\%g s}:gggtﬁ oﬁ?gféﬁﬂbed
her ei n, chupplisesnahtleast anes paenud feEred Jhanein: Loy p8Fei¥dndnd 5

the on-axis pygrhagdstOosne dgasddiiss chanigaitrahd@ti on system that is

SO0 L5 1 0 BB s e CoMOREGILL s . LeoEktn S0

10 least one plenum and said holes disposed along said plenum,
for distributing said at least one gaseous chemical to said

plasma chamber.

14. A plasma enhanced CVD system, comprising: _

15 a plasma chamber having a source of electromagnetic
energy, said source having a helical resonator and a
capacitive shield disposed within said helical resonator for
generating a'plasma,

a process chamber communicating with said plasma

20 chamber whereby the plasma extends into said process
chamber; and o

a support, in said processing chamber, for supporting a
wafer for interaction with the plasma extending into the
process chanmber.

25
15. A plasma enhanced CVD system comprising:

‘a eylindrical plasma chamber having a source of
electromagnetic energy for generating a plasma;

a cylindrical process chamber communicating with said

30 plasma chamber whereby the plasma extends into said process
chamber, _

a support, in said processing chamber, for supporting a
wafer for interaction with the plasma extending into said
process chamber; and’ _

35 a vacuum system positioned on the axis of said process
chamber for exhausting said process chamber.

24
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deposition and/or etching across the wafer_ 24. Figure 8 depicts
an alternative enbodi ment of the 10Thi : n fbin a plurality of
reactors 10a-d are . connected by iJ lﬂ ort nmodule 75 known in
the art, for processing a plurali Each reactor 10a,

10b, 10c and loqwgpﬁgﬂﬁrforn1a separate processing step, or PCT/O6AENS
processing step nay be perforned in_each reactor._ 15 tion of

. K ' D. . Oper
the Reactor 16. The meagtoxyPf Craimsid WhArein:. the, ipkeFaction M Hbcess
chanber 16, tBgidNpEakna/ Gepositsr ai hdyersof mutterrinilabn thegsuxiface afausi ng

di f fusi on of Eﬁg ﬁé . Plasma is 20 generated close to coil 13 and w ||
diffuses out I'n-a * direction. Referring again to Figure 3a, first gas
i njection manifold has a surface 41 which acts to reference t he pl asna

to af Vjoldt e m@%enmfllreaktdii loECClhlin pbowherein thie ﬁ.a:]:egalstimjxatiﬁlnn

mani f o 15 prefer | S . droun Wwhi 5.¢ ladu e plasma to generate
a slight posi FFGg gﬁaﬁ“&b eﬁ%h%lé qﬁ%eggiﬁﬁg%eoaﬁ% Q"?F?gkﬁani fold 15 (i.e. the
pl asma potential). Alternatively, first gas injection manifold 15

nmay be- hel d ajgSong PR iedhanced! o8 8{stém) KbmpHidingt he pl asma is
referenced to a partigular potential in the 30 |ocalized area of the
surface 41. The p?agﬁﬂmﬁkt Fit o the plasma chanber 16, and

ambi pol ariali f f usi oa Sirstheas dnjectionmanifeld qemmnisptingswith Faddjed

particles in phashhOfkgiber fcihdeeeivifig Rt OVé4lit drieOiristt gady supply of

"o 9% the bafer BEREGS B SorEIiRoasRE (Al fob baKLEInG Befa o0
pl asma, " i.e. leastpbnenbinaht gas 4o formow. PTasRA; the potential at the
wal I's is very |ow, asgrédéss ciisifberS commuhgEatindalitt @ner plasihtechsber of
the chanbfg m@%ggeby the plasma extends into said process chamber;

a wafer support for supporting a wafer;'said wafer
support being substantially axially aligned with said
process chamber;

a second gas manifold, said second gas manifold being

20 substantially axially aligned with said process chamber and
encircling said wafer support, for directing reactive gases
towards said wafer support whereby the reactive gases
interact with the plasma and deposit a material on the
wafer; anad

25 a vacuum systenm substantially axially aligned with said
process. chamber for removing gases from said process
chamber.

19. ' The reactor of Claim 18 wherein said wafer support is

30 attached to at least one surface of said process chamber,
such that said wafer support is suspended within said
process chamber.

20. The reactor of Claim 18 wherein said first gas manifold
35 comprises a plurality of channels formed therein for
discretely receiving at least one gaseous chemical;

2 | G
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m ni m zes net al eRlaesdo s e i s col d _
substantially due to the electrostati l i ch forces the
prinary ionization mechanismto be i Upon application of

r.f. bias, a sel

fvﬁ 244S induced 5 at the wafer support 20 apCI/usYERe7T0R4.
e

Contr ol of the s blas may be effected conS|der| the atpo of
the area of t hea®d & Hmfra]ét?ﬂr et hPéFEr‘FP e&aé #1
waf er . | n sagdeshatheant fber ldrigcrlaie.enlgpmsstnmm astandn att heaste|dne

bi as accelerat
surface of the

sk883 jmﬁﬂew 2318 ttsa.w dihnieg f eactor 10 to the

e ions spu ter etch the | ayer of naterial

as it is eros!ted thereby enhanci ng deposition of a void-free, dense
good qual ity fihm The reactor ofhiciaimppBi vherein lsaidafvacunmppystemay range

from?75 to
15 r.f. bias po

&grﬂ%ésa](ﬁ%l&,%tably i's approximately 300 volts for an
S.

It is desirable to choose the

bi as frequency such that it mnimzes interference with the frequency

of the plasma 23,

hi gh in frequenc
t he wafer. and

SoHé Cﬁeafétdzi <F dtlﬁhﬁf mduh&ém)sai;mdrm systémi ci ent |y
S 0 a ar
B coibLiRar B yelfhl SHpLAg vdile HiskReenhbriadt

requi renent®. ©Gaddr progess cqmuarequdneaeg pump g‘%ﬂiérlﬁ@-qtd-ﬁgeﬁaﬁ-ﬁduced
vol tages at thereesksOéndnmpd¥ Exr¥h said pump.

23.

The reactor of Claim 18 wherein said second gas

manifold includes a ﬁlurality of spaced nozzles for
15 distributing gases proximate to said wafer.

24.

The reactor of Claim 18 wherein said wafer support

comprises a support bedy having a support surface for
retaining said wafer;

20

a voltage source coupled to said support body for

electrostatically coupling said wafer to said support
surface;

a cooling system having a plurality of gas distribution

grooves formed in said support surface and configured for
25 uniformly distributing a gaseous substance between said
wafer and said support surface;

at least one member having two ends, one of said ends

attached to said support body and the other said end
attached to a surface of said process chamber.

30

25.

The reactor of Claim 24 wherein said at least one

member is hollow and contains therein at least one conduit
for passing cooling medium to said support body, and at
least one conduit for coupling dc energy to said wafer

35 support. '
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top of the induced voltage. The sfish&tHRBeéh Repladat t he waf er 24
surface is proportional to the ind 25 acceptabl e conprom se
if found at frequencies greater thﬁmmlm nd | ess than or equal to
13.56 MHz. The preferred enbod ys a r.f. bias frequency

applied to the woorissher support 20 of 3.39 MHz; whose first Ipgrnosvémros
coi ncides with a Federal Communicatjons Conmm ssion (FCC)_ 30 6.78 | SM

frequency ( v#ich Theakeackter ehL1ain 3hwherein saigahileast gne Medi cal
frequency banstmbeanurtherf tompriddsy at ledistf ohentondwit tfvar reduplingsma

source 12 frelq_lp.n@‘}etﬁ,%agﬁ Ig%g‘ye‘m%%xntsq{ﬂg&%at i on thereby m nim zing

control system I es. e dependency of the sputter
etch rate on the bias frequency is illustrated in Figure 9. A wafer 24
with a 5 | @Fr dheoxedetos ¢of Cralimwng Whereinr sai@prater’ Guppbre is

react of 10 PIgSSihiad LoPRPERHHELE! dnstbiYOoha BRIAHN age assempry VO

97/ 03224
appr oxi nat el yis @rtached §oi Apid (RXPGeRs qhaanberecsysh that fadice watfer Two

different biasudgrdl aay e réncfedHromiGaid prdcklsMitamse, applied, and
the sputter etch rate iIs plotted as a function of bias power applied to
the wafer 5 support 20 for the two frequencies. Circulating r.f.
energy fiel d2&w e Hipdesma pphanced ch 1o progesghng areaqtiory particul ar

concern when 6uj§gﬂg@ﬁgg

a cylindrical plasma chamber;

a first gas injection manifold communicating with said
plasma chamber for receiving at least one first gas;

15 a source of electromagnetic energy having a helical
resonator and a capacitive shield disposed within said
helical resonator, for exciting said at least one first gas
to form a plasma;

a cylindrical process chamber communicating with the

20 plasma chamber whereby the plasma extends into said process
chamber;

a wafer support for supporting a wafer, said wafer
support disposed on axis within said process chamber and
attached to at least one surface of said process chamber

25 such that said wafer support is suspended within said
process chamber;

a second gas manifold, disposed on axis within said
process chamber and encircling said wafer support, for
directing reactive gases towards said wafer support whereby

30 the reactive gases interact with the plasma and deposit a
material on the wafer; and

a vacuun system'communicating with said process chamber
and disposed beneath said wafer support, substantially
aligned on axis with said process chamber for removing gases

35 from said process chamber.

29. The reactor of Claim 28 wherein said vacuum system
comprises a turbo pump.

27
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to the wafer 24 in the process Eﬁaﬁﬁer 6 Ragticular advant age of
the invention is the function of Thiggh 10 injection manifold 17
as ar.f. current return path for \ “urrents gener at ed by

bi asi ng the wafer support wi'th A substantial anount of the
circulating r.f.v[,o rents find a return path through the npgi/isdsions.
0

Referring again Igure 4, the second _gas injection 15 _napj 17 is

wel | grounded3Pir oG8® ﬁﬁ??‘ﬁbrs‘{frfc&@g'g‘ 88 ghﬁre N eAid YasRaR, g*%?% erably

pl ated with afapthebl eompiisesila sacioum iseiabhickaralve disposedibetesn)

Surrace'tO'su%Liﬁepfgaéégtchambé¥ﬂdﬂaeQaiae?ﬁhﬁnﬂﬁﬁtlﬁbﬂaﬂinqndaihe nozzl e
e t

section 70. T |nterfach€ surf,gces_ 0 e netal are designed to
pronmote 20 | BROFRBEGRREbEY, BHPPoys a special gasket materi al
such as a spiral shield known in the art. The manifold 17 Is coupled to

ground and the ety SUALEGE AN 86 wherBifVb4iR (quboral gas path for

the r.f. energy generat an_r.f. giasm zxg%lszied% t he wafer
support 20. Tmanifpldoinclvdes# PIERAIILYLPEHEPRCE 188, £9%F hr ough t he
bul k of the gistelibhtingCgases proximategtoksaidmwaterd is placed close to
the netal interfaces. Mreover, the placenent of manifold 17 within the
process chanber 16 is inportant; the manifold 17 is placed in, close
proxi m tyleo B#e wEher reaghe¥ (obClaimas B’Bﬁﬁﬁilﬁos?’dit‘f?eeo r SYPRPEY of the
pl asma sour ce chap#ideki ASbupportasodynjhavtingnanauppartl sifrfiacet forwaf er
support 20. The, ., _.Circ tJ .f. currents generally encounter the
second gas reFﬁf@&PPoﬁg%Q 4'Qo %’17 and are repoved before encountering
the ot her conponengsvoltagehsoexesicqupded £o saidFRRPHR Loy £0F (eturn

through the plasdtregtaticaly ibukEiny) salid wafeprtsesdid mupporen, the
resonance,Ln the plasma source 12 coul d be adversely affected. Also, as
descri bed*3AboA¥F ’ ) .

a cooling system having a plurality of gas distribution

grooves formed in said support surface and configured for
uniformly distributing a gaseous substance between said
wafer and said support surface;

20 at least one member having two ends, one of said ends
attached to said support bedy and the other said end
attached to a surface of said process chamber.

33. The reactor of Claim 32 wherein said at least one

25 member is hollow and contains therein at least one conduit
for passing cooling medium tc said support body, and at
least one conduit for coupling dc energy to said wafer
support.

30 34. The reactor of Claim 32 wherein said at least one
member further comprises at least one conduit for coupling
r.f. energy to said wafer support.

35. The reactor of Claim 28 wherein said wafer support is

35 attached to a carriage assembly, and said carriage assembly
is attached to said process chamber, such that said wafer
support may be removed from said process chamber.

R L
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PCT/ US96/ 10705 frequenci es are I fferent to prevent such
occurrences. The reactor m ﬁmAEi on is particularly
suitable for providing stable, sub atable 5 operation by

providing isol at{yyresaahhe r.f. currents and pl asma pot ent ip@jmysbmm
source 12 and first manifold 15 fromthe wafer support 20. Su

i sol ation al | 3fs t FBepraagser of fladm 2% wherehn said fdFsh 99s F‘Hégfﬂgt
gas mani fol d Fonprises &t ledst defe pidnandformed atleareinNfdrodisereeely

defined 10 Pl gégvg_%eg{:lf%sﬁt %é@%@%@&h%&éﬁ%e é&ﬁday to day

dependi ng upon asnma contact wt ace 41 of the
first gas manifol dalBl“Eﬁh%‘FYld’q helegs compppigating with, each @l satgd akfect
the repeatsbi [ldagtobnehplemwy wirid @nd hole8CaisSposéd i flony @alidnplenunpt e

h h h fd 17
t/a?; Hhe (r:rgrcm er&%ﬁégvxﬁgfg ac I evi ngng]ggggnéef %‘% acﬁ%%c ion e

descri bed aborhenmdgalt katsaid RSP CHIIRREAl vari ations are within the
scope of the invention. As mentioned above a particul ar advant age

?Iaaf:?gr Zgr ovi \é@gt | %nf‘hghaﬁventdg%a(#em fggglsg% é‘“ﬁ"g%dsa%h\gmtj’gﬁ;pt |h(ra1
particul at0 vxmrmeésﬁnespmn.o T@Vfié&uét pdasph chamber and a process
chamber, said process chamber including a wafer support for
supporting a wafer disposed within said process chamber,
comprising the steps of:
generating a plaéma within a plasma chamber, said
15 ©plasma chamber having a top surface;
referencing the plasma to a first voltage potential
along said top surface;
applying r.f. energy to said wafer support thereby
creating a second voltage potential, wherein the difference
20 Dbetween said first voltage potential and said second voltage
potential induces diffusion of the plasma to the area
proximate to said wafer support.

38. The process of Claim 37 including the additional step
25 of introducing at least one gaseous chemical into said
process chamber proximate to said wafer support, whereby
salid at least one gaseous chemical and the plasma interact
proximate said wafer support to deposit a layer of material
on the wafer.
30
39. The process of Claim 37 including the additional step
of introducing at least one gaseous chemical into said
process chamber proximate to said wafer support, and said
plasma chamber, whereby said at least one gaseous chemical
35 and the plasma interact proximate said wafer support to
deposit a layer of material on the wafer.

29 -
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interference with the synnetry of t he punp flom1|h'the regi on proxinmate

the wafer 24. Referring again t laeed syrmetrical flow within
the reactor 10 is represented by and shows desirable

uniformradial flow at the waf e M/pressures the nean free
pat h of the gas 9ﬂh§mgelat|vely | ong, providing fewer colli sipphfgshgiesen
nol ecul es. It |s esirable for the gas density to be highly 30 uniformin

‘the area proxi#0¢ e The phrwoesscef Claim 3% includimgnibe agdinionak&teP by
provi di ng equagg e{ﬁ&%dd&dwml Neast ofdeubetudtheieanaintopdaie at the

waf er support gocgsasu%a ffaﬁgfgﬁ,épwar& %%%[%g b A0HBYS ikt

axially aligni

that .the 35 gendethe @h%tia&psﬁc‘srmié@ @alddmfaﬁcéuwmém

t he vafer. gThugpe tdigrfldcaVe¥ &Re wafer metri.cal across the waf er which
enhances uni form processing of the wafer. Mor eover, during the reactor
sel f-cl ean operation, gases are 20

WD 97/ 03224 41. The process of Claim 37 includimgTtbsosdddfidenal step

preferably inj eftf&z%a&igﬁ fale! iEaHESthJ GaddRis Thahfiehd ihto sai@nd havi ng
t he punp al ong the axi

nces uni f o and
thus cl eani ng BEPFRAR %ES plasyg, ghambery gergg ﬁ%ﬁg
i nvent i ve 10eacleast (orpe gageouwsoshenicakparxd tthen pdfasma interact proximate

said wafer support to etch the su:face of the wafer.

42. The method of Claim 37 wherein the step of referencing
the plasma further cdmprises providing a connection to

15 electrical ground to said top surface and creating a
potential in the range of substantially 10 to 30 Volts at
said top plate.

43. The method of Claim 37 wherein the step of applying
20 r.f. energy to said wafer support further comprises applying
said r.f. energy in the range of substantially 1 to 60 MHz.

44. The method of Claim 37 wherein the step of applying
r.f. energy to said wafer support further comprises applying
25 said r.f. energy at approximately 3.39.

45. The process of Claim 37 including the additional step
of introducing at least one gaseous chemical into said
plasma chamber, whereby said at least one gaseous chemical

30 extends into said process chamber and cleans the surfaces of
said plasma and process chambers.

46. The reactor of Claim 9 wherein said at least one member
is hollow and contains therein at least one conduit for

35 passing cooling medium to said support body, and at least
one conduit for coupling dc energy to said wafer support.

30
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uniformfilm as illustrated by FIGS. 10a and 10b. A wafer 24 is
provi ded having a substrate 80 with a plurality of devi ce features
8la-d formed thereon. The gap spacing bet ween devi ce features 8la and
81lb is 0.25 mcrons, and the 10 gap spacing between device features 8la
and 81c is 0.30 woe783284 ONs. The aspect ratio is 2.5:1. An oxi $eriBdsa7082
IS deposited on device features 81 and substrate 80 in the react or
of this invenfon. TRE X9ARKPR (AF CIadRo7R3 1BherRin saigeafodeagbceRerul |y
deposit voi d- membet afrrthdy |dampribles. &8 16a£5 oned condliti fopncoapking t h

excel l ent step gov &85y ; Ll o Figure 11, the deposition
rate as a E?Sﬁc??on cﬁta.ﬁaldbrggggp%P fo the wafer support in the
invention is illustrated. The deposition rate is normalized and is
represented as: the deposition rate per silane flow 20 (in mcrons per

m nut e -per sccn) which is then plotted as a function of r.f. bias power
(watts) applied to the wafer support. The foregoi ng
description of specific enbodi nents of t he invention have been
present’ed for the purpose of 25 illustration and description. They are
not intended to be exhaustive or to limt the invention to the precise
forns di scl osed, and obvi ously many nodi fications, enbodi nents, . and
variations are possible in |ight of the above teaching. It is intended

that the scope of the invention be defined by 30 the C ains appended
hereto and their equival ents.

e
heet Has Been RTlaced _
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21 CLAI M5 1.

A plasma chem cal processing reactor, conprising: a plasma chanber;
a source of electromagnetic energy for exciting a gas to forma pl asng;
a process chanber comunicating with the plasma chanber a waf er

support for suppgplozpsees Wafer in coupled relationship to Sa'dPEiﬁﬁﬂﬁmmE
waf er support being suspended in said proc37§%chanber

continuous annul ar gas nmani fol d, disposed i i d process chanber above
sai d, waf er support nounted along t he periphery of said process chanber,
for directing gases towards said wafer support,

IB\ 15\ ™ -
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whereby the reactive gases interact with the plasma to process the surface
of a wafer supported on said wafer support; and a vacuum system
W th an openi ng di sposed beneath said wafer support and positioned
substantially axially aligned with said process chanber to provide
substantial |y aXiwi)erdessd of the gases around the surface of thgemedsgioradd
for renmoving gases fromthe bottom of said BrPCGSS chanber in a
substantially synmetrical manner. 410 The reactor of daiml
wherein said source of electromagnetic energy is an inductively coupled
pl asma sour ce. . 3. The reactor of Cdaim1 wherein said source
of el ectromagnetic energy conprises a helical resonator.
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4. The reactor of Caim1l wherein said wafer support is attached to at
| east one surface of said process chanber, such that said wafer support is

suspended within said process chanber. 5. The reactor of Caim
1 wherein said vacuum system conprises a turbo punp. 6. The
reactor of C ai nwpossagi n sai d vacuum system furt her conpriseqmgﬁﬁﬁﬁﬁﬂg

i sol ation val ve di sposed between said procagsp chanber and said punp

i solating said process chanber fromsaid punp. - 7. The reactor
of Caim1l wherein said gas manifold includes a plurality of spaced

nozzles for distributing gases proximte to said wafer. 8. The
reactor of Claim1l wherein said wafer support conprises a support body
having a support surface for retaining said wafer; a voltage

source coupled to said support body for electrostatically coupling said

wafer to o
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sai d support surface; a cooling systemhaving a plurality of gas
di stribution grooves fornmed in said support surface and configured for
uniformy distributing a gaseous substance between said wafer and said
support surface; at | east one nenber having two ends, one of said

ends attached to woisdsagpport body and the other said end atta
surface of said process chanber. QEEthﬁwﬂm

23 9. The reactor of C ai%#® wherein said at |east one
menber is attached to a vertical surface of said process chanber such that
sai d support body is suspended within said process chanber.

FIG_3c



10. The reactor of Claim8 wherein said at | east one nenber is hollow and
contains therein at |east one conduit for passing cooling nediumto said
support body, and at |east one conduit for coupling dc energy to said

waf er support. 11. The reactor of Claim 10 wherein said at |east
one nenber furthewooooyprs ses at | east one conduit for couplingpgn{qsnglI ay
to said wafer support. 12. The regﬁﬁﬁr of Caiml whereins

waf er support is attached to a carriage ass y, and said carriage
assenbly is attached to said process chanmber, such that said wafer support
may be renoved from said process chanber. 13. A plasma CVD
system for depositing a void free layer of material on the surface of a
waf er, conpri sing: a plasma chanber having a source of

el ectromagneti c ener aid sour g bei ng apgi nductively coupled plasma
source Tor exciting gaAto foran pl asma Aving an ion density of equa

to or E

J

p
GAS
SOURCE
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greater than 10[err] ions/cnferr];

24 a process chanber conmmunicating with said plasma chanber
for receiving reactive gases; and a support, in said processing
chanmber, for supporting a wafer for interaction with the reactive gases
and the plasm guboselizpg i nto the process chanber to forma |l a 0705
material on the surface of said wafer. 6/10 14. A plasma
chem cal processing reactor, conprising: a cylindrical plasna
chanber;

FIG_5a
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a source of electromagnetic energy having a helical resonator and a
capacitive shield disposed wthin said helical resonator, for generating a
pl asma having an ion density of equal to or greater than 10[err]
ions/cnjerr]; a cylindrical process chanber comrunicating with the
pl asma chanber; wo9ma224 waf er support for supporting a wafer k’ﬁ"’g%l"ﬁ'g
relationship to said plasm said wafer supggfb bei ng di sposed 0

wi thin said process chanber and attached to @9 east one vertical surface
of said process chanber such that said wafer support is suspended within

sai d process chanber; a continuous annul ar gas manifold for
recei ving at | east one gas, disposed on axis within said process chanber,
above said wafer support a ted al ong thﬁaperiphery of agid process

IQat er support in

chanber, for directing sald a bﬁast one gaS?towards sayd
such proximty that the )
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gas density is substantially uniformat the surface of said wafer, whereby
the at | east one gas deposits a material on the wafer; and a
vacuum syst em communi cating with said process chanmber, with an opening

di sposed directly beneath said wafer suppaort to pronote substantially
equal effective pu@BIAad24speed at the wafer, and being substant}¢£&¥*wums
aligned on axis with said process chanber, 8pp providi ng substantrally
axial flow of the at | east one gas around said wafer and for renoving said
gas f.-rom said process chanber in a substantially symretrical manner.

15. The reactor of Caim28 wherein said vacuum system conprises a turbo
punp. 16. The reactor of Caim 28 wherein said vacuum system
further conprises a vacuum isolation valve di sposed between said process
chanber and said punp for isolating said process chanber fromsaid punp.
17. The reactor of Caim28 wherein said gas manifold includes a
plurality of spaced nozzles for distributing gases proximate to said

waf er. , :

29
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18. © The reactor of Claim28 wherein said wafer support conprises a
support body having a support surface for retaining said wafer; a
vol t age source coupled to said support body for electrostatically coupling
said wafer to said support surface; ’
26 wo 9763250 i Ng system having a plurality of gaspcivesssnbmsi on
grooves formed Th salrd support surface amg4gonfigured for uniformy

di stributing a gaseous substance between said wafer and said support
surface; at | east one nenber having two ends, one of said ends
attached to said support body and the other said end attached to a surface
of said process chanber.
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19. The reactor of Caim32 wherein said at | east one nenber is hollow and
contains therein at least one conduit for passing cooling nediumto said
support body, and at |east one conduit for coupling dc energy to said

waf er support. 20. The reactor of Claim 32 wherein said at | east
one menber furthepesesEdsi ses at | east one conduit for coupli NgcikesBRE" IY
to said wafer support. 21. The nept or of Claim 28 wherein said

waf er support is attached to a carriage assenbly, and said carriage
assenbly is attached to said process chanber, such that said wafer support
may be renoved from said process chanber. 22. A nmet hod of
operating a high density plasna chenlcal proceSS|ng reactor having a

pl asma chanmber and a4pxH S——-Raae = 3 8 ot udi ng a
waf er support for supporting a mafer disposed thln sa|d pr gkess chanber,

&
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génerati ng a plasma within the plasm chanber, said plasma cha Ve 21
SERGEATVSHEET

taop surface: applying r.f. energy to said waf e&ﬁnp_ﬁgc
i nduci ng diffusion of the plasma toward said wafer support, _
i ntroducing at | east one gas into the reactor: exhausting the

react or .t hrough, an opening di sposed directly beneath said wafer support
and positioned substantially axially aé}t 8‘% W th said process chanber; and
provi di ng approxi mately equal effectiv g I ng speed at the wafer to
pronote substantially axial flow of the at | east one gas around the
surface of the wafer and for renoving gases from the bottom of sai.d
process chambds i nAaplasma chemical prpcessingueactara comprising: 23 The
process of Claim 37 wherein said at |east one gas is introduced into said
process chanfgilasmedtabibes;ai d at | east one gas and the plasnma interact to
deposit a |layer of material on the

a source of electromagnetic energy for exciting a gas to form a plasma;

a process chamber communicafing with the plasma chamber; _

a wafer support for 'supporting a wafer in coupled relationship to said plasma, said wafer
support being suspended in said process chamber; |
a continuous annular gas manifold, disposed in said process chamber above said wafer support - |

mounted élong}he periphery of said process chamber, for direcﬁnggases towards said wafer support,

whereby the reactive gases interact with the plasma to process the surface of a wafer supported
on said wafer support; and

a vacuum system, with an opening disposed beneath said wafer support and positioned

substanﬁaﬂy axially aligned with said process chamber to provide substantially axial flow of the

gases around the surface of the wafer and for removing gases from the bottom of said process

chamber in a substantiaﬂy symmetrical manner.

2. The reactor of Claim 1 wherein said source of electromagnetic energy is an inductively

coupled plasma source.

3. The reactor of Claim 1 wherein said source of electromagneétic energy comprises

a helical resonator, _

q ]l){EPLACEMENT SHEETS SG

_ es.cription :paged ..... 10 paged....
22 IE/C-laJm(s) : paged Ao to pageddy
D Drawing(s) : paged ..... to paged .....
00 Abstract  : paged ..... fo paged .....

UMY Loare o receer 51212,




waf er . .24. - The process of Caim37 wherein said at | east one gas

i g introduced into said process chanber and said pl asn‘REIFanA@ M\?N’F@HEE'}

said at | east one gas and the plasma interact to deposit

material on the wafer. 25 The process of Claim 37 including the
addi tional step of [ nt roduci ng at | east one gaseous chemcal into said
process charmbej | St LaiR
i nteract prOXI rrate sa t&a?fejcr:ﬁ@%pportu{t)%ﬁie E@ suréﬂage ot?aglﬁm%n? .

28. of said process chamber, such that said wafer support is suspended within said process chamber.

5. The reactor of Claim 1 wherein said vacuum system comprises a turbo pump.

6.  The reactor of Claim 5 wherein said vacuum system further comprises a vacuum
isolation valve disposed 'between said process chamber and said pump for isolating said process

chamber from said pump.

7. The reactor of Claim 1 wherein said gas manifold includes a plurality of spaced

nozzles for distributing gases proximate to said wafer.

8. ©  The reactor of Claim 1 wherein said wafer sﬁpport comprises a suéport body having
a support surface for retaining said wafer; |

a voltage source coupled to said support body for electrostatiwlljy coupling said wafer to
said support surface; | |

a cooling system having a plurality of gas distribution grooves formed in said support surface
and configured for uniformly distributing a gaseous substance between said wafer and said support
surface; |

at least one member having two ends, one of said end's attached to said support body and

the other said end attached to a surface of said process chamber.
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26. The process of Claim 37 i ncl udi ng the additional step of |ntrodu0| ng atET

| east one gaseous chemical into said process chanber and Q

ch\arrber whereby said at |east one gaseous chem cal a Pﬁéﬁﬁ&"ﬁ“ HE

i nt eract proxi mate said wafer support to etch the surface of the wafer.

27. The nethod of C aim 37 whereinthe step of applying r.f. energy to sai d

waf er support g furt | el
ﬁ&mﬂ&f Efafm wi}%ﬁuaosa;ﬁaeqea{s ﬁne RIBRLSY isl Attt AR

t
substantial ly 1 to nmet hod of aim 3/ wherel n

the step of,. a ai d. waf er t f ur ther. .co

app! yi ng E’éf?ﬁé)&%aggﬁ °§%’"§gy§“8€6€%c‘9“’oﬁ" B?ﬁ!)i’ng ’%W@ds‘@%ﬁf% pr

29. The process of CI aim 37 including the additional step of introducing
at | east chambefaseous chenical into said plasma chanber, whereby said at

| east one gaseous chem cal extends into said process chanber and cl eans

the surfaces of said plasma and process chanbers.

10.  The reactor of Claim 8 wherein said at least one member is hollow and contains
therein at least one conduit for passing cooling medium to s_aid support body, and at least one conduit

for coupling dc energy to said wafer support.

11.  The reactor ofalaim 10 wherein said at least one member further comprises at least

one conduit for coupling r.f. energy to said wafer support.

12.  The reactor of Claim 1 wherein said wafer support is attached to a carriage assembly,
and said carriage assembly is attached to said process chamber, such that said wafer support may

be removed from said process chamber.

13. Aplasma CVD system for depositing a void free layer of material on the surface

of a wafer, comprising:

a plasma chamber having a source of eleciromagnetic energy, said source being an inductively

coupled plasma source for exciting a gas to form a plasma having an ion density of equaltoor
greater than 10" jons/cm’;
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30 . The method of C aim 37 wherein said at |east one {|S ¥ Gy e
gas and is introduced into the reactor at a flowrate oﬁEEMﬁER&%NT OHtET
greater than 80 SCCM and the reactor is sinultaneously exhausted to a
pressure of at least Im Torr.

29 WD 97/ 03224

PCT/ US96/ 1070 i | BfF (bOSviRg ol .
step |§P giuééﬁ%@;%oﬁfengﬁ ré‘fmgtgggg[ﬂééﬁem ca t it if 91_ process
chanber, er eby said at | east one ‘gaseous chem cal and the plasna

~interact oxi mate said wafer support to etch 5 the surface of the waf er .
41. The process of Claim 37 including the additional step

i ntroduci ng aasupparinsaid pgecessingxchamber, &ulsumeaferforummeMﬁand
said plasma chanber, whereby said at 10 |east one gaseous chem cal and the

pl asma Mﬁmmﬁnﬁ\mg infothé pitieéss chahii? @ forinca Ryé&r oft stetialr dnothe saffadehe.

waf er .

’of said wafer.

14. A plasma chemical processing reactor, comprising:
a cylindrical plasma chamber; - .
a source of electromagnetic energy having a helical resonator and a capacitive shield disposed

within said helical resonator, t_'or g@mﬁjga plasma having an ion density of equal to or greater .

than 10! ions/cm?;

a cylindrical process chamber communicating with the plasma chamber;

a wafer support for supporting a wafer in coupled relationshigto said plasma , said wafer

support being disposed on axis within said process chamber and attached to at least one vertical _
surface of said process cﬁamber such that Said wafer support is suspended within said process
chamber; _

2 continuous annular gas manifold for receiving at least one gas, disposed on axis within
said process chamber, _above said wafer support and mounted along the periphery of said process |

chamber, for directing said at least one gas tc;wards said wafer support in such proximity that the
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42. The nethod of O aim 37 wherein the step of referen

further conprises. providing a connection to 15 el e ﬁ&a&ctﬁm}n@ﬂ;o sal d
top surface and creating a potential in the range of substantially 10
to 30 Volts at said top plate. 43. The nethod of O aim 37 wherein
the step of applying 20 r.f. energy to said wafer support further -
(6:8rrle’_IlzseS adjegl I {S Dsta l,,;_,'A"v at thic Siirfite. ¢ ”,-! vafer ':1-)13' e !l -*.‘i.c.n ":-,‘ ;'mL!
r.f. energy to sald wafer support further conprises applying 25 said r.f.
energy at MaKTial enthe waler; andog. 45. The process of C ai m 37 including
the additional step of introducing at |east one gaseous chemcal into
sai d pl asawacianisgstemwoamninicating dvith sdid psacesehagibes,owith ahcypenial_digposed

extends into said process chanber and cleans the surfaces of sai d

pl asma aaﬂedﬂ&%ﬁéﬁa ﬁ'ﬂf‘m §lﬂ)80ﬂ to pr&ﬁote-ﬁﬂﬁstéxﬁﬁﬂ e 2

at | eas | |.owa ' one condwt
LSMﬁiM@%&%&H@%&@M@M@%ﬂS%%P&%%d% M&‘ﬁ&mﬂ&_

around sai wafer and for removing said gas from said process
chamber in a substantially symmetrical manner. -

15, The reactor of Claim 28 wherein said vacuum system comprises a turbo pump.

16.  The reactor of Claim 28 wherein said vacuum system further comprises a vacuum

isolation valve disposed between said process chamber and said pump for isolating said process

chamber from said pump.

17.  The reactor of Claim 28 wherein said gas manifold includes a plurality of spaced

nozzles for distributing gases proximate to said wafer.

18, The reactor of Claim 28 wherein said wafer support comprises a support body having
a support surface for retéining said wafer;
a voltage source coupled to said support body for electrostatically coupling said wafer to

said support surface;
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PCT/ US96/ 10705 47. The reactor of C aim 33 wherein B&%L&C@égNIn§Hé§Dter

flurther conprises at |east one conduit for coupling r.f. energy to said
waf er support. -

a cooling system having a plurality of gas distribution grooves forrﬁed in said support surface
and configured for uniformly distributing a gaseous substance between said wafer and said support
surface; |

at least one member having two ends, one of said ends-attached to said support body and

the other said end attached to a surface of said process chamber.

19.. The reactor of Claim 32 wherein said at least one member is hollow and contains

therein at least one conduit for passing cooling medium to said support body, and at least one conduit

for coupling dc energy to sa1d wafer support.

20. The reactor of Claim 32 wherein said at least one member further comprises at least

————

one conduit for coupling r.f. energy to said wafer support.

21.  The reactor of Claim 28 wherein said wafer support is attached to a carriage assembly, -
and said carriage assembly is attached to said process chamber, such that said wafer support may

be removed from said process chamber.

22. A method of operating a_high density plasma.chemical processing reactor, having
a plasina chamber and a process chamber, said process chamber including a wafer support for

supporting a wafer disposed within said process chambet,l comprising the steps of:

[
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generating a plasma within,_the plasma chamber, said plasma chamber having a top surface;

applying r.f. energy to said wafer support and inducing diffusion of the plasma toward said
wafer support;

introducing at least one gas into the reactor;

exhausting the reactor through an opening disposed directly beneath said wafer support

_and positioned substantially axially aligned with said process chamber; and

the bottom of said process chamber in a substantially symmetrical manner.

.23 The process of Claim 37 wherein said at least one gas is introduced into said process

chamber whereby said at least one gas and the plasma interact to deposit a layer of material on the

wafer.

24 The process of Claim 37 wherein said at least one gas is introduced into said process

chamber and said plasma chamber, whereby said at least one gas and the plasma interact to deposit

a layer of material on the wafer.

25 . The process of Claim 37 including the additional step of introducing at least one gaseous
chemical into said process chamber, whereby said at least one gaseous chemical and the plasma interact

proximaté said wafer support to etch the surface of the wafer.
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26, Theprocess of Claim 37 including the additional step of introducing at least one ga;eous
chemibal into said process chamber and said plasma chamber, whereby said at least one gaseous

chemical and the plasma interact proximate said wafer support to etch the surface of the wafer.

27.. . The method of Claim 37 wherein the step of applying r.f. energy to said wafer support

further comprises applying said r.f. energy in the range of substantially 1 to 60 Mhz.

28 .  The method of Claim 37 wherein the step ofapplyirig r.f. energy to said wafer support

further comprises applying said r.f. energy at a frequency of approximately 3.39 MHz.

29 . The process of Claim 37 including the additional step of introducing at least one gaseous
chemical into said plasma chamber, whereby said at least one gaseous chemical extends into said process

chamber and cleans the surfaces of said plasma and process chambers.

30 . Themethod of Claim 37 wherein said at least Gié gas is a reactive gas and is introduced

into the reactor at a flow rate of equal to or greater than 80 SCCM, and the reactor is simultaneously

exhausted to a pressure of at least Im Torr.
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