GROUND STRUCTURE, AND HEATER AND CHEM CAL VAPOR DEPCSI TI ON APPARATUS
| NCLUDI NG THE SAME Techni cal Field 5Exanpl e enbodi nents relate to a
ground structure, and a heater and a chem cal vapor deposition
apparatus including the same, and nore particularly, to a ground

st ruct ur GROUVND'SERECTORENAND AF ATERSYDAKEANE AL V@R BIPEOSITION
chem cal vapor deposition apparatus in which the ground structure is

arranged. 10 Background &P?AI%&TU&QN@L DH@?WI@E'SA‘M or deposition

(CVD) processes have been used in a sem conduct or devi ces
and flat panel display (FPD) devices for formng various thin | ayers
on a substrate such as a wafer and a gl ass panel by chem cal
reactions of source gases. Particularly, as the integration degree
has beedechBi@iddeldand the critical dinension 15 (CD) or the Iine

W dt has be %ﬂ?%ﬁﬂ)ohpn n?sc ?&%(te tQt eg{qg&ﬁ%}nﬁ};ﬁ?ﬁg tatndgiﬂ ?ﬁgrs rfdi c'flegncal

deV|ces accor 0 recen

smal | electronlc rodu na enhanced CVD rocess has .
been i K cBuH Porbergrn g o Png Hases aypmon P 1@%&4?5&0@55@@@6 in
excell ent gap-fill characteristics thereof A conventional PECVD .
appar at adeastion §eating laygbsirae ppdadwstes asiseshenasal ygpemdeppeitips gpparaiys in
i nner space in which the thin layer is formed on a substrate, a

shower kdadh the gioundsEectaie iaarrangpér portion of the process chanber and
i njecting source gases for a deposition process, a plasna el ectrode
to which an electrical power is applied so as to transformthe

sources gases into plasma, a heater positioned at a | ower portion of

the,;pro &ﬂﬁ .¢Correspondently to the shower head and heating
t he @ubgﬁéagp Qr is usually supported by 25the heater, a power

i ne for applybimg cEﬂiniehlecztﬁoi* aibofiie (CVD)t hrecdieat Biveabeknau@doimng field of
structure
semiconductor devices and flat panel display (FPD) devices for forming various thin layers
on a substrate such as a wafer and a glass panel by chemical reactions of source gases.
Particularly, as the integration degree has been increased and the critical dimension
15  (CD) or the line width has been reduced in recent integrated circuit devices and FPE devices
according to recent market trends of light, thin, short and small electronic products, a
plasma-enhanced CVD (PECVD) process has been widely used for forming the thin layer on
the substrate due to excellent gap-fill characteristics thereof.
A conventional PECVD apparatus usually includes a process chamber having an
20  isolated inner space in which the thin layer is formed on a substrate, a shower head positioned
at an upper portion of the process chamber and injecting source gases for a deposition process,
a plasma electrode to which an electrical power is applied so as to transform the sources
gases into plasma, a heater positioned at a lower portion of the process chamber

correspondently to the shower head and heating the substrate, which is usually supported by

25  the heater, a power line for applying an electrical power to the heater and a ground structure



2 for plasma uniformty. A ground el ectrode and a heating unit
are installed in a body of the heater. The power line is connected to
the heating unit of the heater and thé& ground structure is connected
to the ground el ectrode of the heater. The ground structure is
usual | yoppiaéha anednady,. a | ower portion 5 of the heater and guides a
portion o the el ectrical power applied to the plasma el ectrode to

the inner r@feldi8dp ﬁ?gsﬁéatﬁ@q{mrc insBHRd 11t1 Q%o@&%? 7 }Egahetr.hﬁ'le power
sour ce gases ecomas uni formi n the process ch

convent,l § trU ture nc round conne

ext ondi g %%%? ST Gt %5%%%% .dﬁﬁe%fo SR

t he heater n elastlc hol de for | ding 10 the graound connector and
a grouri® geteode OF i sdtern %@PH@?S‘F‘?WFB d%P%J&ﬁY\W’F‘PH@‘? 2| aever BHIHPY

connected to the %round connector are usually connected to heater or
a sidevdlthe beaterrpadmuites sspashembethedlestidaé pgweLienbling to the nlpssraglyctrode to
formng a ground circuit. The elastic holder includes an el astic body
maki ng theneee tspudet bf thee pgiceasnchaatien €fitwy tlenplasha lofatht saufeol gasssc bewatks
into the elastic body, and thus the ground connector is secured to

the gr aipErADMNe ptRRRYs @afifbefW | o nt . According to a genera
theory of the screw joint, the ground connector is secured to the

el astic holger, gkw%rﬁfan%am sthfahﬁlé; {ﬁ%ﬁ] GRS dacotnﬁ&%roé}?énd S

of the bolt us there 1s a pro e intra

f t t apl t h I f t .
connectid ng‘%ﬁﬁ‘ge#‘?g"é‘? sttt & bomaastor e ‘382‘?‘?%@%%13 ﬁﬁc&aﬁg?ﬁ%r holding
heater in the process chanber in which a plasma process is perfarmed,
t hdOgr d%@r%ﬁn%@owaém Frouag Py %‘Wf‘i"]@F}é rihe thekderds %ﬂ%thgy

and el ectrical conductivity so as to formthe ground circuit in a

hi gh t ehqsercatlycenrseiedite thsrgrodndt desngntarces ssuel awbarcctelidobeater, oratsedewall of

sufficient thermal conductivity and electrical conductivity of a

mat er i ahe gevessatHaynbeauetiecagrgend hentmltharelsyt &drindiey afgrbiel circuit. The elastic
holder includes an elastic body making contact with the ground connector and at least a bolt
screwed into the elastic body, and thus the ground connector is secured to the ground mount

15 by ascrew joint.

According to a general theory of the screw joint, the ground connector is secured to the
elastic holder by an initial joint force caused by a tensional force of the bolt and thus there is
a problem in that the initial joint force cannot be stable due to thermal expansion of the
ground connector.

20 Since the ground connector is positioned under the heater in the process chamber in
which a plasma process is performed, the ground connector usually requires sufficient
thermal conductivity and electrical conductivity so as to form the ground circuit in a high
temperature condition of the process chamber. However, the sufficient thermal conductivity

and electrical conductivity of a material generally cause large thermal variation of the

25  material, and thus the conventional ground connector usually undergoes thermal expansion in



25 material, and thus the conventional ground connector usually

under goes thermal expansion in 3 performng the plasm process and
undergoes thermal contraction due to tBe elasticity thereof after the
pl asma process. The repeated thernmal expansi on and contraction

of the gedomtng drneahorprosisabhd/uvizakoes shethel dontrhdtidin Juaitdthefcdistigitpihereof
the bolt and thus the ground connector is gradually spaced 5 apart
fron1thgggﬁﬁ@?h&nggkggk_due to the weakened joint force therebetween.
Therefore, a fine groove is generated between the ground connector

and the el asIthieCreBQAtQF 'ilg%'@gptrg%gﬁ]%i}oho% CSI&I'atCHSII (R.e trhgtl e{lllg(:l c%timrre%tcﬂ]%s%a Y

o)
PECVD appar at Us. e groove 1s gener etween

ground connector. and .t.he_elastic holder, an electric arc .may be

gener at S StﬂFﬁem@tﬂf’gé‘?}Bt f%ceaoff]fﬁiaﬂ?o oYl 485 B g GonReE oT A g praced
10 plasma in the process chanber. The electric arc at the fine groove
may eri thahfiroadhaglsiohelde desailr werivaed mintdhtredberabiteserofThetedore, a fine
heat er, thereby generating cracks on the heater. Thus, the instant
spar k betosgens phrergedbetdcen finegbond anthettoe aed dst élastivdhoddsr inguaddrifonal to
shortens the life span of the heater. 15 Disclosure of the Invention

Techni cdle dfeplibintime of tEXBREVD gipangisrent s provide a ground structure
i ncluding a holder for holding a ground connector using elasticity

thereof Wi tpUL 1t S SWolOisYenel Ebsﬁeff'ﬁ&rp{}ﬁ@\@?&ﬂdr&nﬁg&@r;%gtﬁg ref&fét)i(% Er(gfieér,

hol der and the ground” connector er mal “expansi on.

enbodi nment rovide heater far. a CVD including,the abov, roynd.
st ruct upbereeic arfii be gesled,shiny gronys b b SOl AT i Hgpiainghe
for (?er formng. a CVD process including the above heater. .
1 plasma il the process chamber. The electric arc at the fine groove may critical damage to the
ground connector and ceramics of the heater, thereby generating cracks on the heater, Thus,

the instant spark between the ground connector and the elastic holder usually shortens the life

span of the heater.

15  Disclosure of the Invention

Technical Problem

Example embodiments provide a ground structure including a holder for holding a
ground connector using elasticity thereof without a screw joint, thereby preventing separation
of the holder and the ground connector by thermal expansion.

20 Other example embodiments provide a heater for a CVD including the above ground
structure.

Still other example embodiments provide an apparatus for performing a CVD process

including the above heater.

25  Technical Solution

According to some example embodiments, there is provided a ground structure



25 Technical Solution 4 including a ground nount having a receiving
a portion for receiving a ground connector through which a ground
current flows outward to an external dlectrical reservoir, a ground
cl anp hol ding the ground connector in the receiving portion of the

gr ound in&ludihg sagand nfuns huvibf iangcpioldy ®psrtioal fiededdiang angrotiid tonnector
surface of the ground cl anp nei ghboring the opening 5 portion and

spaced (RRALH WHiQM SARMd Ruleht AY¥wa oWt tPhn ERRHAPSRLARAPRELA SR aagﬂmﬁd
ground wiring electrically connected to the ground clanp and the

gr ound T I onnect g n_ext.ernal .

o ot r (A hoia ROl SRRl TR cERRRSEE RS LR WOy ¢ mefset
of which sidewal | i rtially rempved. jn a | i tudinal .directian
Lo t herBRPLRecofins SHogh RS SR HERCT FhBt g UM F EmPdr NpHAS G5 Seeniny
the cylinder may be 10 communi cated with an exterior of the ground

cl afp, PartPingd waesdarart femggash miha dinestidh ofube opertng anrtientaad a ground
surface of the ground connector nmakes contact with an i nner surface
of t he wriogrbtctricalip corfieeted to thrdzround datp and tiegrgnod neuaio The gtamd mayunt
flow to the ground mount via the ground clanp by the ground wring,

SO t hatmdyie: @hakdel i &idrmall firidal RREHVER. DEOEBEnE BARGHAS bd shab&Pinto a
external electrical reservoir. 151 n sone exanple enbodi nents, the

gr ound (GRS IOk RY BRI S ARRISOUIRGES \2@@1@@&@3&@%&%&% BB

interfefence fit, so that the grou o the

ground.cl.a by a frictional.force on a caontact surf bet.ween t he
or ound ‘SOfb efopPerile OGS shnBbE it et et of e GRUHTG  may b
connector may include a condqgtive netal and the ground clanp

i ndPud&smanTaas With AR cuteriay of thy I%O%rf%a%aﬂ?ﬂlnéaye?ﬂ?&ﬂe feshggungd gennector
stunbling portion may include a protrusion protruded from an outer
sur f acsudf thehan grteriaiaed einthe srivghisoniastpr mivked paraat gvihormt inoer sarfdceef the
extension folded fromthe protrusion and extending in a

ci r cunfeesumdtdlahp.| Theegrofind harait @untle ghamy, cosnectdrahay flgaposhageund yndmt
defined by the outer surface of the ground clanp and the stunbling

porti ORja B8 lghouaMBanSX By etr iRNES that e BERUNASHT UGH4Hr6mBY ground
further include a constrictor 5
connector to the external electrical reservoir.

15 In some example embodiments, the ground connector may make surface contact with
the ground clamp by an interference fit, so that the ground connector may be hold to the
ground clamp by a frictional force on a contact surface between the ground connector and the
ground clamp. For example, the ground connector may include a conductive metal and the
ground clamp includes an elastic material.

20 In some example embodiments, the stumbling portion may include a protrusion
protruded from an outer surface of the ground clamp neighboring the opening portion and an
extension folded from the protrusion and extending in a circumferential line of the ground
clamp, so that a gap space may be defined by the outer surface of the ground clamp and the

stumbling portion.

25 In some example embodiments, the ground structure may further include a constrictor



coupled to the stunbling portion. The constrictor may apply an
attractive force to the symetrical stunbling portions toward each
other to thereby reinforce a frictionab force between the ground
connector and the ground clanp. For exanple, the constrictor may

i ncl ude caupl@l astthe siittingChdrBon.5STRe SOABriENAMR L agiP G FRALSve Borce to the
t hermal expansi on coefficient of the ground clanp nmay be about 50%to
about 130% ; : C . . e .
enbodi neéﬁ%(%lg{qtchg%gnrr%ﬁ% q@%@?ﬁgg@nﬁl&t h@% Ihéor ﬂllerll%q}nul@le a goﬁr(l uc'tqﬁlsle force
thin fi coated on the inner surface of the ground cl.anp, so fhat

the ot SPVEER I &Rty Soan IS abt i el iy e Srulinpalls Sttt mey
with the conductive thin film For exanple, the 10 conductive thin
filmindcthieansiytiomsiahaliRri al sel ected fromthe group consisting of
gold (Au), silver (Ag), platinum (Pt) and conmpounds thereof In
soned exanpl én e @kammple smbodingrts undespal rsparseomeneifivientdrthe gound elanp
contact term nal positioned on an outer surface of the ground clanp
and conneghbedbdud SOMEtogibouinib 006 bfdat dfake gxoandpteinetdoe contact term nal
may include a contact hole penetrating the a 15 sidewall of the

ground cl amp s@né AL eABodiRichts, BReEbOH dthicRirt BRYGOAEAGhD € caRfichve

fixing unit fixing the connecting unit to the ground clanp. The

fixing H‘ﬁ'x'l Ellﬁac%a{eﬂ(anu@l% ifin Ushrf%gjof Bl% %98&&19 ?l%lg{ﬂg (S)(#J ‘Eﬂaﬂ tllle{.'ﬁt!.lqtgxg glﬁrr"t;a%e %?ltﬁe

corresponding to the nut at an end poriion

exanpl e enbodi nents, the groupnd connect.gr .may i nclude nickel (N ) and
The br oBRBR Pas iR aver ern SORa sl it aon et dua o ot Femp o s
consi sting of nickel (N, 20 beryllium (Be), copper (Cu) and an

al | 8y t pRadEgtive thin fijp isghdescananpicemaiepatisahesieds fromhiie e gongisting g frae)d
include a flexible cable such that the flexible cable absorbs the

t her mal (Axpsitvsi Ohg)oplatimen ¢P i andl conpmads trerdvdl d to the ground cl anp.
The receiving portion of the ground nmount may include a ground hol e

at a bot t ot beheekampRderhbudimeite, Geotbthd sfitGohayEyrike i8uendedntact

into the ground hol e by 25t hermal expansion in a | ongitudinal
di recti RRninaPpositioned on an outer surface of the ground clamp and connected to the ground
wring. For example, the contact terminal may include a contact hole penetrating the a
15  sidewall of the ground clamp, a connecting unit inserted into the contact hole and a fixing
unit fixing the connecting unit to the ground clamp. The fixing unit may include a nut and the

connecting unit includes a bolt corresponding to the nut at an end portion thereof.
In some example embodiments, the ground connector may include nickel (Ni) and the
ground clamp may include any one material selected from the group consisting of nickel (Ni),

20 beryllium (Be), copper (Cu) and an alloy thereof.

In some example embodiments, the ground wiring may include a flexible cable such
that the flexible cable absorbs the thermal expansion of the ground connector hold to the
ground clamp. The receiving portion of the ground mount may include a ground hole at a

bottom thereof, and thus the ground connector may be extended into the ground hole by

25  thermal expansion in a longitudinal direction.



According to sone exanpl e enbodi nents, there is provided a heater for
a CVD apparatus having the ground structure. The heater may include a
body having a flat upper surface on which a substrate is positioned,
a ground el ectrode positioned in the body, a heating unit positioned

in the bodya@neiigene sahicngkaigad chdodihedtd, Nebhie HUBghd at Bead®dfo? a CVD
ground 5 structure having the ground connector, the ground clanp and

ground WhEbRE-halidl (X JRING stlBGrd” %a&?%iﬂ%d@%ybddgﬁﬂ&k}g%nﬁﬂg{ %Hég

nount h Ing a recCelving a portion recerving a gro nect

t hr ough ich a.ground,current f.].o out war Q. an ext.ernal.

el ect ¢ retre i SR A SpSiE Ao iR RopiPn fubl: BEOUE Rete dodne
the receiving . portjion_of the ground nount, a pair. of stunbling

port i or§alng %ﬁpqsrtwéﬁl batedy aud sucetige hepdophesting tha silpiraigand a ground
nei ghbori ng the opening portion and spaced apart from each other by a
wi dbh ofruethes lepmg thg sppond comealod the goowh danprand graind stiring didr gxample, the
connected to the ground clanp and the ground nount. The ground

cur r entgrema dthuowird e ihkiedg s Quashdeheaitriogigt O rdobigigy 9 podiodobnegkdng a
The ground clanp nmay be shaped into a cylinder of which a sidewall is

par ti algryundesmvesor thréughoRich UdbRahd Guiest 1ORs bAtdRERERN dxiGhdldGed@ical
openi ng portion through which an i nner space of 15 the cylinder may

be co i Iy o I . e
the. o aang e, Ershr M AL o bR R0, ) Bl Re- FRE PR hOBRund
connector may nmake.contact with an jnner surface of. the.ground cl )
The or GRTHICH FREN T SHTPHEE PO DIISHeRYBr iy o 1s0WE%0F NES GRSt BhD
nmount via the ground clanp by the ground wiring, so that the ground
curlPenteighhomnoife OpeHDE RETtighcUA dPEEA faa &om ench ipEhes oy ¢ Wikt ef %étopp@ag
reservoir. 20ln an exanpl e enbodi ment, the body may include one of
cer am esrtamdingaaground Wineggtaotrvdlly constigd ¢o theyeréundt dienp amd thegeowmd mount.
t hrough hol e spaced fromthe receiving portion and penetrating

t hr ougIThe eo\gid uREnM@aN TlowArdno Wer grbiimitelé@roda ppthgi ddeurincodhesén Ta@pround
power to the heating unit may be connected to the heating unit and an

ext er n@lan@PWely 8OWhaFed MiQUIRy NGt f Q4&th ROkiGewADAS %&?Qll[?grerrﬁbv%@nfﬁ a

exanpl e enmbodi'nents, there is provided an apparatus for perform ng

e A R e
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process chanber, a plasma el ectrode to which an electric power is
appl i e@'qugd comneckariyely et ag ovkeswhige 06 thiazedn] pargegiPrBYY maasgreeatactawith
heater positioned at a | ower portion of the process chanber under the
shower ahemsr anrdadean itinggrauhe aleinpg The gtoufid cutrewtonrtye ghend ghsitacH enanitbva
ground el ectrode for discharging charged particles of the plasna

sour ce t®tie @buid@onhiodesise glband efampshathgr Qo WiHnpesd than thelergtl Bigtrent
structure positioned under the heater. For exanple, the ground

struct %ﬁ_ﬂﬁyﬁb&%é‘%%uﬁd 95, HERr IPHB x4 BYc@ichIg6&Yig a portion for
10 receliving a ground connector through which a ground current flows

yard toa I i cal ' d_cl. hol dj
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other by a width of the opening portion and a ground wiring

el ect r pezgitiaing draeg d¢ groundnmogitodrpbvedr dinpg fanepriyieg 28 egcdinal pawemto. the
The ground current nmay flow fromthe ground el ectrode to the ground
connecheating gt gapbadomicatey toaye batiapapadind abh exanc) lponde sowte ikdidugh the
sidewall is partially renoved in a longitudinal direction to thereby
i ncl udenrgiioloRA®i Ng portion through which an inner space of the

25 According to some example embodiments, there is provided an apparatus for



20 make contact with an inner surface of the ground clanp. The ground
current on the ground connector may flow to the ground nount via the
ground clanp by the ground wiring, so That the ground current may
flow fromthe ground connector to the external electrical reservoir.

| n sonepefanphe aePDABEsRE hiavinhahg absircheater UTHdl aghab@ys friaytinghdd BGraudes
a through hol e spaced fromthe receiving portion and penetrating

t hr oughctdeo g EPWARLTRY OVD AroREWEE paTdihe ol s@ev}gétw DhoRfr %bﬁ#ashgﬁg% g

power to the heating unit rmay be connected to the heating u

an exte gﬂ@gcpoegge{)\ﬁ%n%?l&{ec Goldlt o kbeetr gﬁ%}éxh Ircﬁé{g h%ﬂ-g;lf E%Sﬁsg‘go\é?@ets @gﬁﬂ%cess to an

Effects t0 some exanp

i nventiyve. step, the groun 5 connector extending fromthe ground

el ect r oS HE‘%BT‘)&F%LF%GH@%W?W %sth&ettﬂévq@?fbgma{ee%ﬁr@&%as ARgyyieh for
assenbled by the interference fit in place of the conventional screw
joi it alensfhmingiheseerce snicasiio plasvie soureha hspisunesitoredat o brweamdrtianef the
ground clanp nmay be reinforced by the constrictor. Thus, the ground
connect pocem cchatnberguaien thecdhampr read oel jprvivea hestidoramm foeiheaigearsabedite
fromeach other and the electric arc between the ground 10 connect or

and theagr @ el @BRrdiRYfob @istharkingl @Rtdad REreMeNbethe %llﬂﬁﬁﬁgbfurce out of the
m nimzing damage to the ground connector which nay be caused by the

|l ectri : v nalNE ' .

connect B tan g ins s g HPLEE A Prd G SARSERDh S&?ﬁeﬁc e By Mg For
heat f bei d d, by t tric.arc, .
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Descriptiaon, of the Drawin anpl e enbodi nents will be nore

S Exe
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conjunction with the accon(‘ipanyi ng draw ngs. _ o
electrical reservoir , a ground clamp holding the ground connector in the receiving portion of

the ground mount, a pair of stumbling portions folded from an outer surface of the ground
clamp neighboring the opening portion and spaced apart from each other by a width of the
opening portion and a ground wiring electrically connected to the ground clamp and the
15  ground mount. The ground current may flow from the ground electrode to the ground
connector. The ground clamp may be shaped into a cylinder of which a sidewall is partially
removed in a longitudinal direction to thereby include an opening portion through which an
inner space of the cylinder may be communicated with an exterior of the ground clamp, and
may enclose the ground connector such that an outer surface of the ground connector may
20  make contact with an inner surface of the ground clamp. The ground current on the ground
connector may flow to the ground mount via the ground clamp by the ground wiring, so that

the ground current may flow from the ground connector to the external electrical reservoir.
In some example embodiments, the ground structure may further include a through
hole spaced from the receiving portion and penetrating through the ground mount. A power

25  line for applying an electrical power to the heating unit may be connected to the heating unit



FIG 1 is a perspective viewillustrating a ground structure for a
CVD apparatus in 20 accordance with an exanpl e enbodi nent of the
present inventive concept. FIG 2 is a perspective view
illustrating an assenbly of a ground connector and a ground cl anp

shown iandkh@xtetnal power solifge tiroligh tha tispEiOBdI¥E perspective view

illustrating the ground connector and the ground clanp shown in FIG
2. 25FIG 4 is aviewillustrating a heater for a CVD apparatus with
whi ch the ground structure shown in FIG 1 is provided in accordance

wi th an, exanpl e e ijrent of the present inventive concept. FIG 5

is a vi%&)"?'f%ggwsgﬁﬁ%&gg chemi cal vapor deposition (CVD) apparatus

i ncludi ng t A&ordlnd e@k6he SRAMPLE Enmbddimerks 07 tﬁ@%%sgﬁniﬁgeﬂﬁvte@teg {18X 8fhe
or

enbodi ment of the present inventive concept. Best Mde rrying

Qut 5t h%ohﬁé@?&te{x%?ldﬁ&[a%&ggﬁee gfg)%gﬁlefegﬁ??é) gﬁm;%g%(% %\181?1 reggmﬁ)%irélig ?Eelg ﬁ{B‘&Eg

ful 'y heréirnafter w nce e acco

whi ch sone exanpl enbodj nts are shown. Th resent invention nay,
ey o OBt AR B S PRDITT" e FHiEramRcs 3 Foplada TG Py Hdpnab gerew Joint

construed as limted to the exanpl e enbodi ments set forth herein.

Rat her ,anf hibg esusieggnspatagivbeitiicaie the sipwndpeoyicded ad theagropnd glamp may be
di scl osure will be thorough and conplete, and will 10 fully convey

t he scopefwted be the essstictomvidms,i e groutd osmestor lahédhé gravune damp thay be
the drawi ngs, the sizes and relative sizes of |ayers and regi ons nmay
be exag@ércate@dirdrbeidgtdpatated from each other and the electric arc between the ground

10 connector and the ground clamp may be sufficiently prevented, thereby minimizing damage
to the ground connector which may be caused by the electric arc. Thus, the heater having the
assembly of the ground connector and the ground clamp and the CVD apparatus including the
heater may be prevented from being damaged by the electric arc, thereby reducing the
maintenance cost of the CVD apparatus.

15

Brief Description of the Drawings
Example embodiments will be more clearly understood from the following detailed
description taken in conjunction with the accompanying drawings.
FIG. 1 is a perspective view illustrating a ground structure for a CVD apparatus in
20  accordance with an example embodiment of the present inventive concept.
FIG. 2 is a perspective view illustrating an assembly of a ground connector and a
ground clamp shown in FIG. 1.
FIG. 3 is an explosive perspective view illustrating the ground connector and the
ground clamp shown in FIG. 2.
25 FIG. 4 is a view illustrating a heater for a CVD apparatus with which the ground
structure shown in FIG. 1 is provided in accordance with an example embodiment of the
present inventive concept.

FIG. 5 is a view illustrating a chemical vapor deposition (CVD) apparatus including the



It will be understood that when an elenent or layer is referred to as
being "on," "connected to" or "coupled to" another elenent or |ayer,
it can be directly on, connected or cofipled to the other elenent or

| ayer or intervening elenents or |ayers may be present. In 15

cont r astheatwh@owarndleme it at@rdatewi@hnt XampldehBglimeit Fahé Yre@éht inventive
"directly connected to" or "directly coupled to" another elenment or

| ayer, CPE€Blare no intervening el enents or |ayers present. Like
nunerals refer to |like elenents throughout. As used herein, the term
"and/ or" includes any and all conbinations of one or nore of t he
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and/ or  greMPSistEESBelow could be termed a second element, component, region, layer or
25  section without departing from the teachings of the present invention.

Spatially relative terms, such as “beneath,” “below,” “lower,” “above,” “upper” and the
like, may be used herein for ease of description to describe one element or feature's
relationship to another element(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to encompass different orientations of

30  the device in use or operation in addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented “above” the other elements or

features. Thus, the exemplary term “below” can encompass both an orientation of above and



Exanpl e enbodi nents are described herein with reference to

cross-sectional illustrations that are schematic illustrations of
i deal i zed exanpl e enbodi ments (and i nt@ernedi ate structures). As such,
variations fromthe shapes of the illustrations as a result, for

exanpl eselodf. THBYTiaE ik iba@tHepwRBlBRS] ABEMQY 90 @pRécd BE BSothed Richftibes) and
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t he i mpkampatasdnand/ak Esomprascez,” Wes usehén flegispasiidatibustpeeitie the presdmee of
figures are.schematic in nature _.and their shapes are not intended
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ot herwi se defined, all terms (including technical and scientific

t erlfs) comgdnass, hed/er gronpy/@etche same neani ng as commonly under st ood by
one of or di]%n%r léské IEI)0 'iln ttS1e ar td gco. V\@i g@r t hi siti ny, en:g}i ont(pel Ongsse'ctil tal
wll be fur UnderSPBEYS ¢ A5 9F r?g Ueh a% l%ho BES (hed PR O
comonlijusasgensditedti erakti@matishdlilsgatigrsi BT eidpdlRee de:asn i@ Vinihdan seaniang
that is consjstent with their neaning in the context of the relevant
art andit@imgdige siryssurpsit A il é@mtlﬁn%l%omdbgﬁhapéﬁowe Slshptjons gp ggsult, for
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acdenpampodgnaitsashionigisiot Be deyposked bohmépd ar it particolkar flcpes ofregiobkiliustrated

| i duct bstrat f i ded.
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enbodi nent and 1s not to be construed ing thereot. Thus, t
lift picarvefl fedtercprandlent gadien|of imphrot comasnirafon #tatspedese mthérrhameibieary

concept, may al so. b l.ied to various .appanatus for processi t he
cubst r sPERe BrtoinieRRe ot R Binl e R BB S ar P RS Sy
andoan iinplniafiph atlyatdu®in RHOE &S lahtasibn UNGe rrcégs@mdttweamﬁefb@ﬁea heyid ARieEs
is perfornmed 5onto the substrate positioned on a susceptor in the
appar atSydace through which the implantation takes place. Thus, the regions illustrated in the figures
are schematic in nature and their shapes are not intended to illustrate the actual shape of a
region of a device and are not intended to limit the scope of the present invention.
Unless otherwise defined, all terms (including technical and scientific terms) used
25  herein have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having a meaning that is consistent with
their meaning in the context of the relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
30 Hereinafter, example embodiments will be explained in detail with reference to the
accompanying drawings. A deposition apparatus for forming a thin layer on a semiconductor

substrate such as a wafer may be provided as an example of an apparatus for processing a

substrate heremafter. However, the deposition apparatus is merely illustrative example



G ound structure for a CVD appar at us FIG 1 is a perspective

view illustrating a ground structure for a CVD apparatus in

accordance with an exanpl e enbodi nent 16f the present inventive

concept. FIG 2 is a 10 perspective viewillustrating an assenbly of
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an expl osive perspective view illustrating the ground connector and
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a constrictor 134 and.a ground wring 140. In an exanpl e

enbodi mBHP he HOsERe BPHteRsd 0 astecaRiy 1 HapB@a8Sconduct i ve body

t hrough which the ground connector 120 may penetrate and may have

vari ous shapes in accordance with the CVD apparatus and how to

assenbl e w t HGtduadGUBctine fohe (AR apparat@s exanpl e enbodi nent, the

ground mount 110 rmay be shaped into a cylinder and nmay be positioned

at a bottonFp@rt iPA pefspbdiReNBy AlPAfahY S SlouheE siri&eiet B4 J OVD afparatus in
inside of a heat block. A support 110a_mmy be provided to support the

ground fRsardanae gvith an exgmplegersbotimepiunt thel presery inventivgecancertc &lGi Ags a
oridon ng :
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recei veBIG. N 4ndeF1Ge8 és wi agplpavd panpetilide ofewt filastgitingritle mrmwnAl cdidlkctor and the
Particul arly, the ground clanp 130 making surface contact with the

gr ound @QHWgQF SﬁgﬁnghﬁK%ﬁe ground wiring 140 el ectrically connected

Lo the groundeehip FieR. TRY P36 aRGRH skrlcrbfiCl J06 Sl ARl BlexhdBre
of the ground nount 110. G ound currents on the grouné connector 1
may pasenbaliment ohiegrensntiinventite dd@epti may heclgdeoa mrowwidr inngnt140, al ground

t he present ex | e _enmbodi ne 30 t r ound unt 110 i ngl ude
contibct FTBEFHER H0. A PR BTR Aoy HOBanEPELPR 1% & tufireth W fgund
as al umyiHHp 14l ), gold (Au) and silver (Ag). In the present
exanpl e enbodi nent, a fan-shaped portion may be cut off fromthe
conduct i ve Body estmplgecrghagimentntignground mpvat dhYsnay fnghids Haprardlusiberc body

may be t'ﬂfo%éhdsgﬁjicﬁltthe ground connector 120 may penetrate and may have various shapes in

accordance with the CVD apparatus and how to assemble with the CVD. In the present
20  example embodiment, the ground mount 110 may be shaped into a cylinder and may be
positioned at a bottom portion of the CVD apparatus or be inserted into an inside of a heat
block. A support 110a may be provided to support the ground mount 110.
The ground mount 110 may include a receiving portion 112 having a ground hole 112a
into which the ground connector 120 may be inserted, and thus the ground connector 120
25 may be received in the receiving portion 112 of the ground mount 110. Particularly, the
ground clamp 130 making surface contact with the ground connector 120 and the ground
wiring 140 electrically connected to the ground clamp 130 may be arranged in the receiving
portion 112 of the ground mount 110. Ground currents on the ground connector 120 may pass
toward the ground mount 110 via the ground wiring 140. In the present example embodiment,
30 the ground mount 110 may include conductive metal materials having good electrical
conductivity such as aluminum (Al), gold (Au) and silver (Ag).
In the present example embodiment, a fan-shaped portion may be cut off from the

conductive body of the ground mount 110 and thus a fan-shaped space may be provided at



12 the body of the ground nount 110 as the receiving portion 112.
Thus, the receiving portion 112 may include a space sufficient for
receiving the ground clanp 130 and t hg ground connector 120. For
exanpl e, the fan-shaped receiving portion of the ground nount 110 rmay
i ncl udeh@b6@NbT @k g Gldemeintabout 1@OrecOVHG WHOMNE] X AHIECGhO FeckRin tion
penetrate through the ground hole 112a positioned at a bottom of the
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nmount %%QErThe t hrough-hol e 114 nay be spaced apart fromthe
recei ving portion 112 and may penetrate through the conductive body

of 15he gr ounitkrreatiletihiCGhe Assp@blfig bt b £O0id Shethr TRY vhe e nRReGHedarhp
a heat generator (not showg% of a CVD apparatus via the through-hole
114. FAPO, B5 reseavips @orticnel izoethel gragndapupia S pHy dggioverse with a shielding
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mount 110 .in the through-hole 114. In_an exanpl e enbodi ment, the

or ound TEHHBES 31708 30 HajFPRETE AN AN dOAdUcRs GEHERI 40 s Trlged
be 2f s efohfheistSudditysgr ound hol e 112a of the receiving portion 112.
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through the conductive body of the ground mount 110. A power line (not shown) may be
connected to a heat generator (not shown) of a CVD apparatus via the through-hole 114. For

25  example, the power line may pass through the through-hole 114 of the ground mount 110. In
such a case, the power line may be electrically insulated from the ground‘ mount 110 by
insulation materials interposed between the power line and the ground mount 110 in the
through-hole 114.

In an example embodiment, the ground connector 120 may include a conductive metal

30  rod and may be inserted into the ground hole 112a of the receiving portion 112. For example,
the conducive metal rod may comprise a conductive metal having good electrical
conductivity such as nickel (Ni) and copper (Cu) and ma be connected to the ground

electrode of a heater block in the CVD apparatus. The ground connector 120 may function as



13 a path of the ground current in the CVD apparatus. |In an exanple
enbodi ment, the ground clanp 130 nmay be shaped into a cylinder of
which the sidewall is partially renmoved in a | ongitudinal direction.
Thus, the ground clanp 130 may i nclude an opening portion 132

t hr ougha phihaIT flengronesurepatethe Cihepgydtignder may be 5 communi cat ed
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50% t o abtut cdB%vath ¢dBbiRE by e inedfetdhap G aeDME Biedroddleonhéttor 120 may

addition, the surface contact between the ground clanp 130 and the
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ach t hgroal J coef ficie f r t
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that of the ground cgnnector 120. Wen the coefficient of the therm
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and the ground connector treng rast,
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120 is lower than that of .the ground cla 130, the interference
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clanp 130 and the ground connector 120 is likely to be broken.
such a ewsecienthef the ground clamp 130 and the ground connector 120. For example, the
coefficient of the thermal expansion of the ground clamp 130 may be about 50% to about
150% of that of the ground connector 120. When the coefficient of the thermal expansion of
the ground clamp 130 is lower than that of the ground connector 120, the interference fitting
25  of'the ground clamp 130 and the ground connector 120 may be strengthened.
In contrast, when the coefficient of the thermal expansion of the ground connector 120
is lower than that of the ground clamp 130, the interference fitting of the ground clamp 130
and the ground connector 120 is likely to be loosened and thus the surface contact between
the ground clamp 130 and the ground connector 120 is likely to be broken. In such a case, the
30  constrictor 134 may be additionally provided with the ground clamp 130 and thus the surface
contact between the ground clamp 130 and the ground connector 120 may be stably

maintained.

For example, the ground clamp 130 may comprise the same materials as or similar



30 constrictor 134 may be additionally provided with the ground cl anp
130 and thus the surface contact between the ground clanp 130 and the
ground connector 120 may be stably maistai ned. For exanple, the
ground clanp 130 may conprise the sane materials as or simlar 14
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25 In an example embodiment, the stumbling portion 133 may be positioned on an outer
surface of the ground clamp 130 around the opening portion 132. For example, the stumbling
portion 133 may include a protrusion protruded from the outer surface of the ground clamp
130 around the opening portion 132 and an extension folded from the protrusion in a
circumferential line of the outer surface of the ground clamp 130. Thus, the extension of the

30  stumbling portion 133 may extend in parallel with the outer surface of the ground clamp 130
and be spaced apart from the outer surface of the ground clamp 130. The protrusion of the
stumbling portion 133 may be shaped into a curve having a curvature larger than that of the

ground clamp 130. In the present example embodiment, a pair of the stumbling portions 133



30 stunbling portion 133 nay extend in parallel with the outer

surface of the ground clanp 130 and be spaced apart fromthe outer
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each other in such a manner that the inrtial wdth w of e open
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conpris .el astic al t hus restitution force caused
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el asticit su023 S a U—sha d | ock clip. Further, the U shaped | ock
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For example, the constrictor 134 may include an elastic metal clip having an opened end
portion and high elasticity such as a U-shaped lock clip. Further, the U-shaped lock clip may
30  be modified to a closed clip by intercrossing the opened end portion of U-shaped lock clip
like a capital letter “X,” thereby improving locking quality and preventing loosening of the
U-shaped lock clip in spite of a long-time usage thereof.

In addition, a conductive thin film 135 may be further formed on the inner surface of



16 the ground clanp 130, thereby inproving the electrical
conductivity between the ground connector 120 and the ground cl anp
130. For exanple, the conductive thinlgilm 135 may be coated on a
whol e i nner surface of the ground clanp 130, thereby mnim zing the
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penet r alamyg 130 and éwaground wities G4 wing ted aifﬁm&x&ﬂy cmou@dleateaﬂgouhm tia the
136b inserted into the con t hole 136a an%,a f|X|ng unit 136¢
fixing cppfact émg@ﬂ?ﬁdmﬁiﬁ{ # %Gtﬁmﬂ)srapﬁg or a CVD process. For example, the contact

25  terminal 136 may include a terminal protrusion that may be protruded from the outer surface
of the ground clamp 130 integrally together with the ground clamp 130. In such a case, the
ground wiring 140 may penetrate through the terminal protrusion and thus the ground wiring
140 may be sufficiently prevented from being damaged by the high temperature and thermal
expansion in both longitudinal and radial directions. The terminal protrusion and the ground

30 wiring 140 may sufficiently make contact with each other by a screw structure.

In the present example embodiment, the contact terminal 136 may include a contact
hole 136a penetrating a sidewall of the ground clamp 130, a connecting unit 136b inserted

into the contact hole 136a and a fixing unit 136c¢ fixing the connecting unit 136b to the



17 ground clanp 130. For exanple, the fixing unit 136c may include a
bolt and a nut corresponding to the bolt may be forned at an end
portion of the connecting unit 136b, ard thus the contact term nal

136 may include a bolt-nut assenbly. Wile the present exanple
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present inventian. In th resent exanpl e enhodi nent, a heater for
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| ong as the CVD apparatus needs the ground circuit that is connectéd

to the picveied @ogtgplgge;pparated from each other and the electric arc between the ground
connector and the ground clamp may be sufficiently prevented, thereby minimizing damage

to the ground connector which may be caused by the electric arc.

25 Heater having the ground structure

FIG. 4 is a view illustrating a heater for a CVD apparatus with which the ground
structure shown in FIG. 1 is provided in accordance with an example embodiment of the
present invention. In the present example embodiment, a heater for a plasma enhanced CVD
(PECVD) apparatus is exemplarily disclosed, however, the heater is also applicable to other

30 CVD apparatuses as long as the CVD apparatus needs the ground circuit that is connected to
the ground electrode.

Referring to FIG. 4, the heater 200 for a CVD apparatus may include a heater body 210
having a flat upper surface 211, a ground electrode 220 positioned in the heater body 210 and



Referring to FIG 4, the heater 200 for a CVD apparatus may include a
heater body 210 having a flat upper surface 211, a ground el ectrode
220 positioned in the heater body 2108nd 18 transform ng a portion
of the plasma power to ground currents and a heating unit 230
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(not shown) to which a CVD process nmay be performed nmay be positioned
on t heppsinenadppethe derieabadyotl O fral grvgrabing hodly A2qbstrathdnejr hgwa) to which a

Ssurf abO PARS RURCEm<ho:<Hy hsabibucy b s PRS bl Sipdes g R

The heabéy 2 b dhe 2QundByrueRFOT0BghodMm iRIFRGEI 1,CBRind 3 &ak dle Positibted ftusSlotvee
ground el ectrode 220 in the heater body 210 naé be electrically
i nstl afw@icersiethsatey berindl Grrppasitertto sheumimehsuare Bl posi ti oned at a

| ower portigp pefiet mlyﬁatlﬁe[ &)9%5@2[9 EleFﬁ) caﬁﬁmgg%néittgﬁ% @? Snd 2 Hode

210 may conprise an ulation"mat eri al having esl stance
agai ns20 hetiedientee bgdys 250 ik Heosleditial @ \VEy pated éss1 tndrgoddnete dll O ivdath

i nsul ation property such as ceram ¢s . and quar Q herwi se, the
heat er TSy PEBICREY o) AU @OR oot e BGay Had 5 66 E*pHlente heater body
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may beingplefipedln smayrempast FHENFACE OB -t o t her eby generate heat and
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struct 100 t L1y i t
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mayo becleaeiastteaphisdioaht ecwRdeaeand thus may be electrically

i nsul ated fromthe netal - based g%ound nmount 110. The ground connect or

120 and t héhpavind elegsodolPOmagy brecleeiscally wanpdicd todhe swyngd connector 120 of
the ground structure 100 and the heating unit 230 may be electrically connected to the power

line 190 through the through-hole 114 of the ground structure 100. Thus, the heating unit 230
may generate the joule heat in accordance with the electrical current applied from the external
25  power source P. The ground connector 120 and the power line 190 may be enclosed by
insulation media and thus may be electrically insulated from the metal-based ground mount

[10.
The ground connector 120 and the power line 190 may be installed in the ground
structure 100 in the same structure as described above in detail with reference to FIGS. 1, 2A
30  and 2B. Thus, the electrical power may be applied to the heating unit through the power line
190 and the ground current caused by the particles of the plasma source in the process
chamber may pass toward the ground mount 110 through the ground connector 120. The

ground mount 110 may be connected to a support (not shown) for supporting the heater 200



structure 100 in the sanme structure as described above in detail wth
reference to FIGS. 1, 2A 30 and 2B. Thus, the electrical power may be
applied to the heating unit through the& power Iine 190 and the ground
current caused by the particles of the plasna source in the process
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t he heater and decreasi ng 20t he nmi nt enance cost of the heater.
connector and the ground clamp and the damage to the ground connector caused by the

electric arc may be prevented, thereby increasing the life span of the heater and decreasing

20  the maintenance cost of the heater.

CVD apparatus including the heater

FIG. 5 is a view illustrating a chemical vapor deposition (CVD) apparatus including the

heater shown in FIG. 4 in accordance with an example embodiment of the present inventive

25  concept. In the present example embodiment, a plasma-enhanced CVD (PECVD) apparatus

is exemplarily disclosed as the CVD apparatus, however, the present inventive concept is also

applicable to other CVD apparatuses as long as the CVD apparatus needs an electrical circuit

for grounding an internal electrical current of the process chamber out of the process
chamber.

30 Referring to FIG. 5, the CVD apparatus 300 in accordance with an example

embodiment of the present inventive concept may include a process chamber 310 having an

inner space closed from surroundings and in which a CVD process may be performed onto a

substrate, a shower head 320 positioned at an upper portion of the process chamber and



CVD apparatus including the heater FIG 5is a view
illustrating a chem cal vapor deposition (CVvD) apparatus including
the heater shown in FIG 4 in accordalite with an exanpl e enbodi nent
of the present inventive 25 concept. In the present exanple
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200 pogidctromesk Bt hdatbOWRNto R dxit&@Ral QurrehErcRirPG L BRoidhali® 8Foudd Connector 120
correspondently to the shower head 320 and heating the substrate, and

t héCgr elithe ewndotucrd 0. havi ng the power 5 line 190 and the ground
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the gr oisdoedupplyinddte @hurtd gadeetd Bk sBOWer ¥ad 8DEGHM hClifRDNBE liB Yok cted to
applied to the heater 200 through the power |line 190 of the ground
st r uct GrOtPODPHHEN tRhey PEGRY Sarmbenanddischagigyiniedicts it Boneregeisd seurce

| ect : j
e S R L R A e
notl5shawwcharge fingur es, the CVD apparatus 300 nmay further include a

supply line_for supplyin e source gases to the shower head 320 and
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process chanber 31 A vacuum punp nmay be further installed to the

lock chamber may be further connected to the process chamber 310.
The shower head 320 may inject the source gases, which may be supplied through the
20 supply line, into the process chamber 310 at a specific pressure. For example, the shower
head 320 may have a size larger than or similar to the substrate and thus the source gases may
be injected onto a whole surface of the substrate by the shower head 320.

A high frequency voltage power may be applied to the plasma electrode 330 and thus

the source gases may be transformed into plasma in the process chamber 310. The plasma
25  source may be accelerated onto the surface of the substrate that may be positioned on the
heater 200 under the shower head 320.

The heater 200 may support the substrate and may be connected to the external power
source through the power line of the ground structure 100 that may be positioned at a bottom
portion of the heater 200. Thus, the substrate may be heated by the heater to which the

30  electric power may be applied. The plasma source may be chemically reacted on the surface
of the heated substrate and thus the source materials may be deposited onto the substrate,
thereby forming a thin layer on the substrate. In such a case, the deposition temperature of the

substrate may be varied in accordance with the thin layer on the substrate. For example, when



15di scharge i ne. The process chanber 310 may be cl osed and
isolated fromthe surroundi ngs and thus have a vacuum degree
sufficient for the PECVD process and &lsubstrate transfer and a | oad
| ock chanmber nmay be further connected to the process chanber 310. The
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substr athéouﬁlﬁbe mgib@tap%d goped elneemletad tiyehdatzatand themtttetre;ucfeqmsﬁ the rmi shaped

t enper af ur ut 360 abo t 460C. epasi.t proce

e chargutis SRR lnedining fimf PiHles 0k M P RARRREN S PP DO Fhor.
subsd rarlmg,mh{e Qﬁ)uﬁ@ﬂﬁﬁﬁtﬁ)@cﬂ ey beeu@i@eiy Bdleab rbd @raidt henpeatspie 200he
to thereby generate an electrical current called as the 5 ground

cur r ent thefpdd  gengnsien <@psesnby iy Heh ieureredre dntthe G ¥Pnarocgiso(fhgrefore,
current 1£11%§§%Y1&HT%0{19& gtlltg%’lttlﬂﬁl %&Eﬁ%lﬁ gl%@eﬁgﬁrthgf (%Lnl% &&%ﬂ% of the heater,
nect or I ne may e

structure 1 e groun

ar r angetlieietectrivearg moayniok sitfficiently preliied baﬂwemyhebgopnxs bdnimmed aad tHeh@ound
bott om portign Ofr%gf he ter 200. The hegter 200 and the (gn%
structu %‘“Rog e %‘Bﬁ%e 3y g Gresed JAdthe oxpyRel caresivs ofsthe ground

desgy | bﬁﬂlCﬁt@@B? b1 S drk, HbrleBy FRBRMEMEEmbRtdihiR colt @hSPEAND apparatus.

Industrial Applicability
According to the example embodiments of the present inventive concept, the ground
connector extending from the ground electrode and the ground clamp enclosing the ground
25  connector may be assembled by the interference fit in place of the conventional screw joint
and the surface contact between the ground connector and the ground clamp may be
reinforced by the constrictor 134. Thus, the ground connector and the ground clamp may be
prevented from being separated from each other and the electric arc between the ground
connector and the ground clamp may be sufficiently prevented, thereby minimizing damage
30  to the ground connector which may be caused by the electric arc. Thus, the heater having the
assembly of the ground connector and the ground clamp and the CVD apparatus including the
heater may be prevented from being damaged by the electric arc, thereby reducing the

maintenance cost of the CVD apparatus.



10t hus any detail ed descriptions on the ground structure and the
heater will be omtted. According to the CVD apparatus of the
present exanpl e enbodi nent, charged pzrticles of the plasma source
may be di scharged as the ground current fromthe process chanber

through t heTHeoﬂyréé@%F%ﬁ. WLeH e ifeshmpieabodiMenteat 65 nenth bHoRued as
surface of the rod-shaped éround connector may nmake firm surface

cont actlinyfing thereofcAr|thowghi aclgi- exgmpledenapasiiinents h&‘fﬁpbeen tsscrivgd,, theggeskilled in
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by the interference fit in place of the conventional screw joint and

t héOsubkacenstued azt lheitadedn thne sgtmﬁmcﬁ@mpirﬁecﬂi@odan@htt héisdessdndind| drap
may be re rce e constr 134. Thu roun con ctor
o ¢ hGHBGTER A ol RO beltRagifun D et S B RRBRFELSH:
ot her @ﬁdmtdﬂ@e@ioﬂfehhblﬁdéﬂ\Qltﬁlﬂttwi‘@ﬂ & BEthg e€elR@ct or and the
ground clanp may be sufficiently prevente t hereby m nim zi ng danage
30 to the ground connector which may be caused by the electric arc.
Thus, the heater having the assenbly of the ground connector and the
ground clanp and the CVD apparatus including the heater may be
prevented from bei ng damaged by the electric arc, thereby reducing

t he mai ntenance cost of the CVD apparatus. 22 The foregoing is
illustrative of exanple enbodinents and is not to be construed as
limting thereof. Although a few exanpl e enbodi nents have been
described, those skilled in the art will readily appreciate that nany
nodi fications are possible in the exanpl e enbodi nents w t hout
materially departing fromthe novel teachings and advantages of the

5 present invention. Accordingly, all such nodifications are intended
to be included within the scope of the present invention as defined
in the clains. In the clains, nmeans-plus-function clauses are
intended to cover the structures described herein as performng the
recited function and not only structural equivalents but al so

equi val ent structures. Therefore, it is to be understood that the
foregoing is illustrative of various exanple enbodi ments and i s not
to 10 be construed as limted to the specific exanple enbodi nents

di scl osed, and that nodifications to the disclosed exanpl e

enbodi ments, as well as other exanple enbodi nents, are intended to be
i ncluded within the scope of the appended cl ai ns.



23 CLAIMS 1. A ground structure conprising: a ground nount having a
receiving a portion for receiving a ground connector 5 through which
a ground current flows outward to an &8ternal electrical reservoir; a
ground cl anp hol ding the ground connector in the receiving portion of
the grogrdarent, the ground cl anp being shaped into a cylinder of
which a sidewall is partially renoved in a longitudinal direction to
t hereby i ncl ude an openi ng portion through which an i nner space of
the cylinder is cormmunicated with an exterior of the ground clanp,
and encl osi ndl.t Aeergumintcmonaesirtding: 10 such that an outer surface of
t he ground connector nmakes contact wth an inner surface of the

ground cl anp;a ground In@lllﬁa{ild:\fil%f a StebdIBinb N pBRId RIFSrebQl et fkQa bnnector
outer surface of the ground cl anp nei ghbori ng the opening portion and

d ‘ f t ' Lon:
152 G onadal phEfCAGhE bty ool hihd 81’ Hie B St e i o
ground current, on the ound conpector fl ow qhéﬁund

unt, - t.he_qgroun r

Phe. gr obREBBIES URERHE GROUN B 5 By HERETETURe GoRPAgoh i
the ground current flows fromthe ground connector to the external _
el ect ri elamprheggshaped intropcylinder of whish asidoyetlus partiplly remowed in gHengihinal
ground connect or nakes surface contact with the ground clanp by an
i nt er f ediegetien fi¢ thereby intlade sihepauingipattion timegglowhich ahdhitkrtspadehd tiye oylinder
clanp by a frictional force on a contact surface between the ground
connect greoafiurtif@eddwiing «xted¥p of the ground clamp, and enclosing the ground connector

10 such that an outer surface of the ground connector makes contact with an inner surface of the

ground clamp;

a pair of stumbling portions folded from an outer surface of the ground clamp
neighboring the opening portion and spaced apart from each other by a width of the opening
portion; and

15 a ground wiring electrically connected to the ground clamp and the ground mount,
the ground current on the ground connector flowing to the ground mount via the ground

clamp by the ground wiring, so that the ground current flows from the ground connector to

the external electrical reservoir.

20 2. The ground structure of claim 1, when the ground connector makes surface
contact with the ground clamp by an interference fit, so that the ground connector is hold to
the ground clamp by a frictional force on a contact surface between the ground connector and

the ground clamp.

25 3. The ground structure of claim 2, wherein the ground connector includes a



24 conductive netal and the ground clanp includes an el astic

mat eri al . 4. The ground structure of claiml, wherein the
stunbling portion includes a protrusi®h protruded froman outer
surface of the ground clanp nei ghboring the opening 5 portion and an
ext ensicondicol e el aadnHeeounda dmis ireudansh exdtrnditegali N a

circunferential [ine of the ground clanp, so that a gap space is
defined by the outer surface of the ground clanp and the stunbling
portion. 5. The ground structure of claim4, further

conprising a,constricto oupl ed.-tp.t Q stunbling.porti.on,. t.h
conbtr1ctor dppl gl sEREeE Pt e Eatge e SRR bt O ibbfesn
portions toward each qther to thereby inforce a frictional force,
bet wee @IS Yy @aﬁag%ﬁ'ﬁgb% OUteh FUERRS @‘fi gi‘?n%OE‘Pdaﬁlﬁ!nP nmghborms.tLerW@emng
ground structure of claimb5, wherein the constrictor includes an

el adt i @ontBweandlangkiepsion folded from thearprotrgsionand sxteudinginea gfcugifpiential line of
wherein a thermal expansion coefficient of the ground clanp is about
50% t o tlabgotind B@#podo thhed gapl sphbtieis gehneith cihe paet ourfac2@3 theldgreugl damp and
structure of claim1, further conprising a conductive thin film

coat ed ynsthRBIANMRtiogur f ace of the ground clanp, so that the outer
surface of the ground connector nmakes surface contact with the
conductive thin film

5. The ground structure of claim 4, further comprising a constrictor coupled to the
10 stumbling portion, the constrictor applying an attractive force to the symmetrical stumbling
portions toward each other to thereby reinforce a frictional force between the ground

connector and the ground clamp.

6. The ground structure of claim 5, wherein the constrictor includes an elastic

15 metal clip.

7. The ground structure of claim 1, wherein a thermal expansion coefficient of the

ground clamp is about 50% to about 150% of that of the ground connector.

20 8. The ground structure of claim 1, further comprising a conductive thin film coated
on the inner surface of the ground clamp, so that the outer surface of the ground connector

makes surface contact with the conductive thin film.

9. The ground structure of claim 8, wherein the conductive thin film includes any

25  one material selected from the group consisting of gold (Au), silver (Ag), platinum (Pt) and



9. The ground structure of claim@8, wherein the conductive thin film
i ncludes any 25 conmpounds t hereof 10. The ground structure of
claim1l1, further conprising a contact 26erm nal positioned on an outer
surface of the ground clanp and connected to the ground wing. 5

11. Thecgnpaumnds gieraadt ure of claim 10, wherein the contact term na

i ncludes a contact hole penetrating the a sidewall of the ground
clanp, a connecting unit inserted into the contact hole and a fixing
unit fixing the connecting unit to the ground clanp. 1012. The ground
structure of ¢l aim. 1, ' L X ht 1 nd _th
connecti ng u#ﬁf Fﬁ%l%ﬁg%pghﬁgﬂg;Egrééégg%dﬁgg£{6£@k§g%%tgagﬁgﬁgéﬁaguﬁl
portion_ thereqf 13.. The groynd structure of claimn2l, .
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clanp includes any one material selected fromthe group consisting of
15nictkel (Ni), beryllium (Be), copper (Cu) and an alloy thereof

14. The ground structure of claim1, wherein the ground w ring

i ncl udes a flléxi bhe gabidestsuetire tdfatlaind Of mdreiddh ehe abhtectatesoiniab indheles a
t hermal expansion of the ground connector hold to the ground cl anp.

20 contact hole i@ c@itRignte St & BE cehdidrlddp, AbRmettThg M8t inserted into
recei ving portion of the ground nount includes a ground hole at a

bot t om 36 #9Enhold Yl AURE LEPRARELAE DRk &B46, gr ound
hol e by thernaloexpané?%ngin a ng§?ﬁ§ﬁﬂ%ﬁfﬁﬁrggﬁf%ﬁﬁﬁ@cﬁﬁﬁ-
10 12.  The ground structure of claim 11, wherein the fixing unit includes a nut and the

connecting unit includes a bolt corresponding to the nut at an end portion thereof.

13. The ground structure of claim 1, wherein the ground connector includes nickel
(Ni) and the ground clamp includes any one material selected from the group consisting of

15 nickel (Ni), beryllium (Be), copper (Cu) and an alloy thereof.

14. The ground structure of claim 1, wherein the ground wiring includes a flexible
cable such that the flexible cable absorbs the thermal expansion of the ground connector hold
to the ground clamp.

20

15. The ground structure of claim 14, wherein the receiving portion of the ground

mount includes a ground hole at a bottom thereof, the ground connector being extended into

the ground hole by thermal expansion in a longitudinal direction.

25 16. A heater for a chemical vapor deposition apparatus, comprising:



26 a body having a flat upper surface on which a substrate is
positioned; a ground el ectrode positioned in the body; a heating unit
positioned in the body and generatinglheat for heating the substrate;
and 5a ground structure including a ground nount having a receiving a
portion for #eediivirg afllgnppaduciaoneacivaichtabubitghe whbsitiogedyr ound
current flows outward to an external electrical reservoir, a ground

current flow, Bghuhd erLEt-OR BEReNEL BltBEbs@Gde to the ground connector; a
ground cl anp hol ding the 'ground connector in the receiving portion of

e 8 20 TR Aphng O SRR, APy 08 ABORS KA HET Bl

to thereby include an openi ng portion through which an i nner space of
the cyl®fder is communicated with an exterior of the ground clanp,
and encl osing the ground connector such that an outer surface of the
groind conne#t®HeunsaREECtES HNalEAIng ¢ HErawd mesnt dayingce refeiving agpejting for
clanp; a pair of stunbling portions folded froman outer surface of

t he gr oeped/ict angpoundi g@nbentemirduigh vadpenarpgoypwr turent Hods spvced t@parekternal
from 15 each other by a width of the opening portion; and a ground

Wi I'i ng chkBithl r&ahloy, GQOpRAAE atirlett TG GwRd thd afgundnéedthrlegiootRdground
nmount, the ground current on the ground connector flow ng to the

ground pRRLorY b a%r&ﬁﬁi &Eﬂg]%lgilng "He %Yoﬁlﬁeccgﬁl@éwfj ikl Meiv %ﬂ?@m R Ghe

ground current flows fromthe ground connector to the exter
electrical reservoir. 2017 The heater. of claim1 mgere'n he_ _bad
ol uastoptaTaRt ARt kil tame s FEDE! ko SRR Gl B R
16, wherein the ground structure further includes a through hole.
spiBed FROFRRE PREEAR JrBR Sibsrr 2B OPRBDE OB IR T
mount, a power line for applying an electrical power to the heating
uni t b&ngy spaenelcthedeiligdets ersambnigatadiwitlp Ba rmxtesior extt the repunsoglemp, and
source through the through hole.
enclosing the ground connector such that an outer surface of the ground connector makes
contact with an inner surface of the ground clamp; a pair of stumbling portions folded from
an outer surface of the ground clamp neighboring the opening portion and spaced apart from
15  each other by a width of the opening portion; and a ground wiring electrically connected to
the ground clamp and the ground mount, the ground current on the ground connector flowing

to the ground mount via the ground clamp by the ground wiring, so that the ground current

flows from the ground connector to the external electrical reservoir.
20 17.  'The heater of claim 16, wherein the body includes one of ceramics and quartz.

18. The heater of claim 16, wherein the ground structure further includes a through
hole spaced from the receiving portion and penetrating through the ground mount, a power
line for applying an electrical power to the heating unit being connected to the heating unit

25  and an external power source through the through hole.



27 19. An apparatus for perform ng a chem cal vapor deposition
(CVvD) process, conprising: a process chanber in which the CVD process
is performed on a substrate; 5a shower27head positioned at an upper
portion of the process chanmber and injecting source gases for the CVD
process to an inside of the process chanber; a plasm

el ectrode to which an electric power is applied for transform ng the
source gases jight @,p ; : t ([ a | .
portion of thleg' p%élcé@%p%ﬁim aﬁ%ﬂ]el}r? f?ihgﬁes1 gé\le%é eg%p %lgﬁ% (%%)ngwgess’
heatingc&girﬁfor heati ng the substrate and a ground el ectrode for

di schar gi Sﬁ%rged particles of the plasm source out of the process
chanber as a ground current; and a ground structure positioned under
the heater, &Process W@rwwh@%% RPFgs iSreEiormed oriasubstgicound
nmount having a receiving a portion for receiving a ground connect or

t hr dugh whi ch siogieobeadl pesitiaasd af Bowppeuparke of theaprocess charnlegrrraikl injecting
electrical reservoir, a ground current flowng fromthe ground

el ect r ogleir¢egzatdrefoy the TD pormeecioain; indd g ftte groekardhambécli ng t he ground
connector in the receiving portion of the ground nount, the ground

clanp bei ng shapeeh &84t 16 WHidOA! el@tﬁtri@'?bﬁ;@r A HpHEVR: ltrahSoRAMEIRY Sdbirce
renoved in a longitudinal direction to thereby I nclude an opening

portion i 1 inner space of the cylinder is comunicated
W th angégéggggfﬂgéggﬁggground cl anp, 20 and encl osing the ground

connect or sucgﬁ}?at an outer .surface of .the ground connecto kes
Contact wi t h Ao REIQH L8 OBET RATEOY PO e eeshrambep e dpe hower head
stunbling, portions folded froman outer surface of the ground clanp.
nei §hbo#ntpvitike? Ssatiengnip &t hegHnamle sybabelg aaf & roppd slestiede Sirbychpsging
wi dth of the opening portion; and a ground wiring electrically
connect @Wrged pattielagrod thecplednsmgpuagechut héthgpoeness dhomber at hgrognd ourcent; and
current on the ground connector flow ng
a ground structure positioned under the heater,
wherein the ground structure includes a ground mount having a receiving a portion
for receiving a ground connector through which a ground current flows outward to an
15  external electrical reservoir, a ground current flowing from the ground electrode to the
ground connector; a ground clamp holding the ground connector in the receiving portion of
the ground mount, the ground clamp being shaped into a cylinder of which a sidewall is
partially removed in a longitudinal direction to thereby include an opening portion through
which an inner space of the cylinder is communicated with an exterior of the ground clamp,
20 and enclosing the ground connector such that an outer surface of the ground connector makes
contact with an inner surface of the ground clamp; a pair of stumbling portions folded from
an outer surface of the ground clamp neighboring the opening portion and spaced apart from
each other by a width of the opening portion; and a ground wiring electrically connected to

the ground clamp and the ground mount, the ground current on the ground connector flowing

25  to the ground mount via the ground clamp by the ground wiring, so that the ground current



25 to the ground nount via the ground clanp by the ground wiring, so
that the ground current 28 flows fromthe ground connector to the

external electrical reservoir. 20. TH8 apparatus of claim 19, wherein
the ground structure further includes a through hole spaced fromthe

recei viflogs gont iegrand penetdras iR xtdouphtideresirosind mount, a 5 power
line for applying an electrical power to the heating unit being
connected to the heating unit and an external power source through

t he through hole. 10
20. The apparatus of claim 19, wherein the ground structure further includes a

through hole spaced from the receiving portion and penetrating through the ground mount, a
5  power line for applying an electrical power to the heating unit being connected to the heating

unit and an external power source through the through hole.

10



