SPECI FI CATI ON METHOD OF MANUFACTURI NG CHUCK PLATE FOR USE I N
ELECTROSTATI C CHUCK [ Techni cal Field] [0001] The present invention
relates to a nethod of manufacturing a chuck plate, as a dielectric
body, for use in an electrostatic chuck which serves to attract and
hold a substrate to be processed (hereinafter also referred to as a
"t o-be-processed substrate"”) such as a silicon wafer or the |ike.

[ Background Art] [0002] I n orderSPEBIBI@ATI@NIesi red device structure
i n sem conduct or manufacturing processes, there are perfornmed
processing operations: such as a filmformng processing by PVD
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Chucks are di sposed | nt aFaest B RAMECT B RRLERG FALER on “ve er <
chucks are di spos
(herei naff&hrséqIAtgiglef erred to as "wafers") in processing chanbers
I n a vacuum at nosphere. As an electrostatic chuck, there is

conventi ¢0@01ly kn@le presBat énverdenirehited ta Hmahblies Sapeifadtutipeai n
which a chuck plate as a dielectric body is mounted on an upper
surface 6huek dlatk amindisdenjrinahadyy fopmseeid by dlecyrbsigiticheletkn which
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\ referred to as a “to-be-processed substrate”) such as a silicon wafer or the
like.
[Background Art]
[0002] In order to obtain a desired device structure in semiconductor
manufacturing processes, there are performed processing operations: such
as a film-forming processing by PVD method, CVD method or the like; ion
implantation processing; etching processing; or the like. In vacuum
processing apparatuses for performing these processing operations, so-called
electrostatic chucks are disposed in order to hold in position silicon wafers
(hereinafter simply referred to as “wafers”) in processing chambers in a

vacuum atmosphere. As an electrostatic chuck, there is conventionally

-

known in Patent Document 1 a so-called dipolar type in which a chuck plate
as a dielectric body is mounted on an upper surface of a chuck main body
having mounted by burying therein positive and negative electrodes.

[0003] Further, depending on the processing operations to be performed
inside the vacuum processing apparatus, there are cases where a substrate
is controlled to a predetermined temperature. In such a case, it is known:
to assemble into the chuck main body or the like a heating means, e.g., of
electric resistance type; to form a rib portion which comes into surface
contact with a peripheral edge portion on a rear surface (the side opposite to

the surface on which a predetermined processing is performed) of the wafer;
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i nsi de the vacuum processi ng apparatus, there are cases where a
substrate is controlled to a predeterm ned tenperature. In such a
case, it is known: to assenble into the chuck main body or the like a
heati ng nmeans, e.g., of electric resistance type; to forma rib
portion which cones into surface contact with a peripheral edge
portion on a rear surface (the side opposite to the surface on which
a predet enfd rOdvEHRGESS idighdss QG?ILﬁﬁﬂEﬁ)ofPfsufJﬂ@rtﬂ’?g ei;"oirtioné‘,n%.%.,o in a
vertically dispose a plurality of supporting portions, e.g., in a
concent r iconperimer miamrem innasrinspacpaencnokedd by the ril hopgshi oAt the
the time of heating or cogling the wafer, an inert gas such as Ar gas
or the |itkBeiof heappe @sophng ﬁge vrafer appaest gy sugdhasAggasmasbadike is

f din th in body. .By t f or mi i nert
L rmepheRubpRefi e TRRCs DS B By RAnsaRe BuRRd e bt @i ar
f h , : in body t.0.th

et or 1 s Doy SRS oPie LB Chal BB LA STt Ry 190e 1P ahdE

[ 0004] Hertg, thasribhsoréiducindhé @chPEuktage bh tho Qv HbL '
t here isrbg'rsed a Qiﬁ)nt er ednbody Svhi cﬁ ex?ﬂ bits a hi’ghéagﬁg%%érfiglég{mﬁl%he

resi st ancbuskahans bady o thenwafer iislessistdd conhaiebyi efficientlyhedt éeeool
However , l}f an arrangenent is made to formthe inert gas atnosphere
as descritBeé®aBbve, the area of contact with the wafer naturall y

gﬁf s sur IOUE 2 HSh o i SRt 8 1 %%&%%ééé%%?ﬁtﬁ&mgh et o
cur ace of Eoaraerrero et Rt s AR AR ol A MeBRindd Fuch e

surface efuwhieuni hitpidle! kilivoangitpide] GCHRAIIRE! t HRRRvVER i@ aRf £HELSEH A
surface roughness and degree of flatness. [0005]1n view of the above,
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the influence of the resi dggéreglo?%tagmilgss(.:har ges. This kind of problem
[0005] In view of the above, it is known in, e.g., Patent Document 2 to
impregnate a sintered body with a wax, and the surface of the product thus
obtained is subjected to surface grinding, lapping, or chemical-mechanical
polishing (CMP), and then to remove the wax to thereby attain a
predetermined surface roughness and degree of flatness (parallelism).
[0006] However, when there is used a chuck plate which has been
obtained as described above by subjecting the surface of the sintered body to
surface grinding and lapping, there used to be cases where, even if the
application of voltage is stopped at the initial time of putting the chuck plate

to a new use, the wafer was not able to be released under the influence of

the residual electric charges. This kind of problem can be solved by



repeating the absorption to, and releasing from the chuck plate
several hundred tinmes by using a dummy substrate (i.e., the
absorption and rel easing of the wafer can be perforned well w thout
bei ng subjected to the influence of residual electric charges). This
met hod, however, has a disadvantage in that nmuch tinme is required for
t he chuck to function as an electrostatic chuck and that the
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a probl em of

sintered body. The problem in question lies in that the surface of the
sintered body suffers from damages by the surface grinding and lapping.
Ready-to-be-separated aluminum nitride particles (i.e., particles that could
be relatively easily separated or removed out of the combined state) are
locally present and, as a result of these aluminum nitride particles becoming
an electrically floated state, they function as resistances when the electric
charging to the electrodes is stopped. The residual electric charges cannot
therefore be discharged, thereby leading to the occurrence of the
above-mentioned problem.
[Prior Art Document]
[Patent Document]
[0008] Patent Document 1: JP-A-1989-321136

Patent Document 2: JP-A-2000-21963
[Summary of the Invention]
[Problems to be Solved by the Invention]
[0009] In view of the above points, this invention has a problem of
providing a method of manufacturing a chuck plate for use in an

electrostatic chuck which has good productivity and is hard of giving rise to



provi ding a nmethod of manufacturing a chuck plate for use in an

el ectrostatic chuck which has good productivity and is hard of giving
rise to poor releasing of the substrate fromthe initial tine of
putting the chuck plate to a new use. [Means for Sol ving the

Probl ens] [0010]In order to solve the above problens, the nethod
according to this invention is a nethod of manufacturing a chuck
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application of voltage to the el ectrodes has been stopped. In

addi ti onwibh assubstoessé g astrpeefpinteda gftedetqaiineti agfide tdighness

i nvention. The working procedure is sinple and the productivity can
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[0011] According to this invention, by performing blasting after

polishing, only the particles that are ready to be-separated and that are
brought into existence on the surface as a result of the work of polishing will
be selectively removed. As a result, when this kind of chuck plate is
assembled into the chuck main body and, from the initial time of putting the
chuck plate to a new use as an electrostatic chuck, the to-be-processed
substrate, that is the wafer, can be released well without being affected by
the residual electric charges when application of voltage to the electrodes
has been stopped. In addition, blast processing is performed after polishing
in this invention. The working procedure is simple and the productivity
can be improved as compared with the conventional method in which the
attraction and releasing of the substrate by the chuck plate are repeated
several hundreds of times. In addition, in the above-mentioned blasting,

the surface roughness and the flatness will not be deteriorated much,
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whereby the area of contact with the wafer will not be reduced.
[0012] In this invention, it is preferable to use wet blasting as the
bl ast processing. [Brief Description of the Drawings] [0013] FIG 1
is a sectional view schematically illustrating an electrostatic chuck
in which a chuck plate manufactured by the manufacturing nethod
according to an enbodi nent of this invention has been assenbl ed.
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by partially enlarging the chuck plate accor g to this enbodi nent.
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the drawi ngs, a description will now be nade of an electrostatic
chuck whipzbcessing: ovi ded with a chuck plate that is manufactured

accordi ng,to e manuf agt uri met hod of this invention in which, the
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[0015] As shown in FIG 1, the electrostatic chuck ECis nmade up of a

to an embodiment of this invention has been assembled.

{ FIGS. 2(a) to 2(d) schematically illustrate the manufacturing steps by
partially enlarging the chuck plate according to this embodiment.
[Embodiments for Carrying Out the Invention]

[0014] With reference to the drawings, a description will now be made
of an electrostatic chuck which is provided with a chuck plate that is
manufactured according to the manufacturing method of this invention in
which, the to-be-processed substrate being defined as a wafer W, in a
vacuum processing apparatus for performing processing operations such as
a film-forming processing by PVD method, CVD method or the like, a
processing operation such as ion implantation processing, etching
processing or the like, the wafer W is kept attracted from the initial use and
can surely be released after processing operations.

[0015] As shown in FIG. 1, the electrostatic chuck EC is made up of a
chuck main body 1 which is disposed at the bottom of the processing
chamber (not illustrated), and a chuck plate 2 which is a dielectric body
disposed on the upper surface of the chuck main body 1. The chuck main
body 1 is made, e.g., of aluminum nitride and an upper portion thereof has
built therein positive and negative electrodes 3a, 3b through electrical
insulating layers (not illustrated). It is thus so arranged that DC voltage
can be applied from a known chuck power supply E.

[0016] In addition, the chuck main body 1 has formed therein a gas



chuck main body 1 which is disposed at the bottom of the processing
chanber (not illustrated), and a chuck plate 2 which is a dielectric
body di sposed on the upper surface of the chuck main body 1. The
chuck main body 1 is nade, e.g., of alum numnitride and an upper
portion thereof has built therein positive and negative el ectrodes
3a, 3b through electrical insulating layers (not illustrated). It is
t hus so gigge[%eq wWadh i ] : . Fh
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may al so be made to assenble a known cool i ng neans.
electrodes 3a, 3b. At this time, as a result of the surface contact of the
outer peripheral portion on the rear surface of the wafer W with the rib
portion 2a over the entire circumference of the wafer W, the inner space 2b
can be substantially hermetically sealed. By supplying Ar gas through the
gas supply means in this state, there is formed in the inner space 2b a gas
atmosphere. According to this arrangement, when the heater 8 is operated

to heat the wafer W, as a result of forming an inert gas atmosphere in the

inner space 2b that is defined by the rib portion 2a and the rear surface of
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[ 0019] Next, a description will now be made of a nethod of

manuf acturing a chuck plate 2 which is a sintered body of al um num
nitride. First, by neans of a known nethod such as a reduction
nitriding method or the like, alumnumnitride powder as the raw
material (or raw neal) is obtained. Then, after having adequately
added to the alum numnitride powder known organi c binders or
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[0020] Then, as shown in FIG. 2, out of the surfaces of the thus
obtained aluminum nitride body S, the surface coming into contact with the
wafer W is subjected to polishing into a predetermined surface roughness
and flatness (parallelism). As the polishing, there may be resorted to a
surface grinding which uses a diamond grinding stone, lapping machining
which uses free abrasive grains, or chemical mechanical polishing (CMP).
Machining is thus performed until a predetermined surface roughness (Ra:
0.1 m or less) and a flatness (0.005 or less) are attained.

[0021] Here, with reference to FIG. 2, in the above-mentioned
aluminum nitride sintered body S, the surface will be damaged on its

surface at the time of polishing and, as a result, will become a state in which



processing.In this blast processing, only the ready-to-be-separated
alumnumnitride particles g that are present on the surface of
contact, with the wafer W of the chuck plate 2 which is the al um num
nitride sintered body S are selectively renoved (see FIG 2(c)). As
this kind of blast processing, so-called wet blasting is nost
suitable in which water mxed with grinding particles is
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al um numgrifer 6B fRafdentlyesecdr.t hat made their appearance on the
surface acconpani ed by polishing can be sel ectively renoved.
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manuf acturi ng method according to this enbodi nent is assenbled to the
above- neRtPGHEMEhudR Hhih Weay nracessingr emiyptihe t headytdbeseparathd
el ectrostatic chuck .EC, voltage.can be applied to the positive and
Che. negafl VBIBTBT e Pasolo s RIAGMIE fuChOY: o G SPHAGLGRCaEct Rk
power su t i ast _efl: f a_-pr.edet er m ned
Bt act i oo prter M SF uppEhO0 BAAELehich S U Blunflybin BHER ShiteRd
stopped, bblig Sehey sWeeBiRele replovageteveriawWa@dut seing kifd ugnseds by
the effect of the residual electric charges (see FIG 2(d)). In

addi t i onpreriensimghlsasialledowes dilagting ipembstr saitabid & wlolchskhte, ntiked
work is sinple, %Ijld t he productivity can be enhanced as con(gar ed with
‘the conv¥Ath gnmding PaskCcles hwsiekllapepudlyiinsteddvithl aindpwardthe bject

 waf W f.th 2 d |. hupdr ed
e, | F PRERSE.Red: 18, EBY SnBk HiBon bRat it Sl of Hho OBt See

roughnesge angedsBed fd piingsgy. on the surface of the chuck plate 2 show
little or %o deteri o}?%tl on, and there is no possibility of reduction

in the af(oR3df coAtagfe whhbiddeavaties t¥Whd 002D Ihnwer BBlsthy, %B@i‘\édTaP@
n

above-nentioned effect, there was manufactured by a known nethod a
al unmi nuniged pariécles mthacle dré owdehefialnginh eurshttodp aendle aizedd seiiichés in
above. Then, th urface of contact with the wafer Wwas

mirror - f Fnf&hed 08PV R RSP RS Siat . thy isinterherlvatiner, There
was perf &flﬁﬁ%é %%rﬂ@ltesballr%s}n' ¢ GAR ' Waker in a predetermined weight ratio.

In addition, it is preferable to set the water pressure in the blast processing
to 0.01 to 0.05 MPa, and the compressed air pressure to 0.1 to 0.3 MPa. If
the water pressure and the air pressure are below the above pressures, it
becomes impossible to remove the particles whose adhesion strength among

the particles has been lowered. On the other hand, if the water pressure
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[ 0026] Then, the chuck plate 2 was assenbled into the chuck mai n body
1 to constitute the electrostatic chuck EC. The wafer Wwas set in
position on the stage which is provided with a plurality of known
lift pins to lift the wafer Wto a position right above the

el ectrostatic chuck EC. After having placed the wafer Won the chuck
plate 2, the wafer was attracted by a voltage in the range of 0 to

1000 V bynldh@eCAiv §fe SAWRare WRNY the aﬁﬁ@@m&ﬁi&é@ﬁé&ﬁuf&? tNQlL R be

charging fromthe chuck power supply E, the Iift hechani Ssm was

oper at ed.a disasvesntialgeninchat itheedriabatotdienssaiircoMbvas tdiidiaedd By dtihat
lift pins without giving rise to poor releasing. [0027] Al though a
descri pt ithd PRakcles Whosemsdhesimetrengtithpmongibdinaeticlesiiasonen losiargd
limted to th above-n&ntioned constitution, this invention may al so
be appl i é?ﬁn{lﬂt'e]i’%ﬁe%‘%"e in which the chuck plate is nade of other

et 2 o 2 8 LA D098, SLONA ARl 0L Kiechfog
v, Dl oS togossen ppueman) sy Rasnyelquor 9l 0gs el
ggﬂ islzlme!a?urm!a%nﬂ?xg gg;&ilmte 'pa;isigles eggmhau ma[ti/ea tbéaiﬁrm@aymhh@@l on[ ﬂgﬁ@;ﬁkfah{é on
of Reference Nunerals and Characters] [0028] ECel ectrostatic chuck
1chuck marepBBaRiedchy dolishing canl havispleatinelyr rereowddht sFleerebfudy is)case
{; the chuck plate 2 that was manufactured by the manufacturing method
according to this embodiment is assembled to the above-mentioned chuck
main body 1 to thereby put the product as the electrostatic chuck EC,
voltage can be applied to the positive and the negative electrodes 3a, 3b
from the beginning through the chuck power supply E. After having
attracted the wafer W by a predetermined attraction power and, thereafter,
when the power application is stopped, the wafer W can be released well
without being influenced by the effect of the residual electric charges (see
FIG. 2(d)). In addition, since blast processing is performed after polishing,
the work is simple and the productivity can be enhanced as compared with
the conventional method in which attraction and releasing of the wafer W
by means of the chuck plate 2 are repeated several hundred times. Further,
in the above-mentioned blast processing, the surface roughness and the
flatness on the surface of the chuck plate 2 show little or no deterioration,
and there is no possibility of reduction in the area of contact with the wafer
W.
[0025] In order to show the above-mentioned effect, there was
manufactured by a known method an aluminum nitride sintered body
having the embodiment as described above. Then, the surface of contact

with the wafer W was mirror-finished to a surface roughness of 0.1z m.

Thereafter, there was performed the wet blast processing.
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2ari b portion 2binner space 2csupporting portion 3a, 3b el ectrodes
ready-to-be-separated MN particles Wwafer WHAT IS CLAIMED IS;

1. A nmethod of manufacturing a chuck plate for use in an .
el ectrostatic chuck, the electrostatic chuck conprising: a chuck main
body having el ectrodes; and the chuck plate nade of a dielectric body
whi ch covers a surface of the chuck main body, the nmethod conprising

the st epd00b6] THB, 3ha Rl pRtBILHEd 2RO bR it g&f@%@éﬁﬁaﬂﬂaﬂzﬁfﬂoﬂ

raw mat eri al powder i nto a predet er mi ned shape an en sintering

sane; 1 to constitute the electrostatic chuck EC. The wafer W was set in position
on the stage which is provided with a plurality of known lift pins to lift the
wafer W to a position right above the electrostatic chuck EC. After having
placed the wafer W on the chuck plate 2, the wafer was attracted by a
voltage in the range of 0 to 1000 V by the chuck power supply E. Then, by
stopping the voltage charging from the chuck power supply E, the lift

mechanism was operated. It was then confirmed that the wafer W was

lifted by the lift pins without giving rise to poor releasing.

[0027] Although a description has so far been made of this embodiment,
without being limited to the above-mentioned constitution, this invention
may also be applied to the case in which the chuck plate is made of other
materials such as a silicon nitride sintered body or the like. In addition, a
description has so far been made of an example in which wet blast
processing was employed. However, another blasting method may
similarly be applied as long as only the ready-to-be-separated particles can
be selectively removed in a simple method.

[Description of Reference Numerals and Characters]

[0028]
EC electrostatic chuck
1 chuck main body
2 chuck plate (aluminum nitride sintered body S)
2a rib portion
2b inner space
2¢ supporting portion

3a, 3b electrodes

g ready-to-be-separated AIN particles
" wafer
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form ng, by nmeans of polishing, such a surface of the sintered body
as will conme into contact wwth a substrate to be attracted, into a
predeterm ned surface roughness and fl at ness; and perform ng

bl ast processing for selectively renoving only ready-to-be-separated
particles that cone into existence on the surface as a result of the
above-nenti oned pol i shing. 2. The nethod according to claiml,

wher ei n tWEIAT S ICIXIMESSISg 1S wet bl asting.

1. A method of manufacturing a chuck plate for use in an
electrostatic chuck, the electrostatic chuck comprising’ a chuck main body
having electrodes; and the chuck plate made of a dielectric body which
covers a surface of the chuck main body, the method comprising the steps of:

obtaining a sintered body by compression-forming raw material
powder into a predetermined shape and then sintering the same;

forming, by means of polishing, such a surface of the sintered body as
will come into contact with a substrate to be attracted, into a predetermined
surface roughness and flatness; and

performing blast processing for selectively removing only
ready-to-be-separated particles that come into existence on the surface as a

result of the above-mentioned polishing.

2. The method according to claim 1, wherein the blast processing

1s wet blasting.
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