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Iatroduetiob

lA a pluma etching reactor, etehi:1: anisotropy II.Ildyit!ld are
oftcm . fwlctioD of ion bombudmcnt \!Detg)' and flux. Thia haa
motivated derb to dnelop IllII.SIlpec:tromet~ II.Ildion kinetic-
CIlVl)' analysis... ctiqDostia far moaitoring r£ ciiac:ha.rgeeIlIcd
for p!Mm. proce8s1l1g (1]. Re<:eI1tmeAlUk1nelits [2-4], utili.-
mS n:tardinS potential analyzers lIIounted 011grDWlded rf fllee-
trod8l. indicate the existence of rich structure ill ion kiDetic-
ene:D distribution. for certain plurQa .yatems. This Itructure
is related to the cl'emiitry whJl:h can OCCll.{&5ious are acccJ-
cntcd by the OIoUfotill! electric field. prcocnt ill tbe pluma
IhWh.

For argon discharge.. Wild Md Koidl [2] bave demonatratM
llu.t ion-ellergy diltribulions exhibit pronollDecd peW, and
hive been able to predict this atructure usin: Monte Carlo eim.
ul&tiOD8which USUtM a tanitatlt erolS .ection for 1)'TIUtIelric
dwse tr8.IUfar in the sbeath. Liu It oZ. [3] have Ihowu that
momentum tranofer scattering in the Ih""'h is cskI11ial to pro-
dllte liguificant ion impact angles. More receI1t1y, Toups and
Emie (4! have determined that the ratio of t4e frequency ot LIl..
applied rf potcntiu II1d the ructor 1M preuure is a critical
parameter ill dctenuiwD& the &ha.peof the diltribution.

hi ~e pnssent work a cylindrical iOll-etlftgy selector coupled
to a quadnpole DU.SIspectrometer Is utilized to meuure ioo
kinetic-etler&Y distributiolU &I a. fl,l!:ctioo of variOIU discharge
parameters in 111&r&01lpluma. The analykr is oriented ...ch
that the lamplins orince il located o~ a plane equidilitant be-
l- the tWo faces of the electrode,. and thlll iOIll ue sampled
frOIn the aide ol the plllSma instead of tluou&h the grounded
elecuode. This allows ion eQeta distribubom to be meul,lred
at 'fUyi1l1 distances from tbe: buUc:plasma. lon.enersy distri-
butiol1ll obtained in Ihi, ';eolllttry ue compa.red with previous
me..ure:mentsmade tbrou,h tbe poundelt electrode. AU reeu!"

presentcQ here were o"t~ned ulling .. GEC rfRden:nce Ceu (5).

Experiment

The GEC rf RefcrcnCl! Cell electrode configuratioll il symmot.ric
with t~ 4-inch diMneter aluminum cleetrqdes with 1.ilU".hIn-

teelectrodo lpacing. RF P0Wtt (l3.~G MHz) is capa.dtiwlycou.
pled 10 the upper electrodn,hilc the lower e1ectrodeil grounded.
All experimeJItawereperlorDK:dufinl 99.999%arlon at II pres.
Il,Ire of 100 mtOft uti .. flow rAte of 20 sean.

The ion. energy lI.nal~'ler is 4 \'C SXP300-CMAI which ~QDlisu
of eyUndrical mirror ion-energy analy2Ct (61 coupl'1d to a. 300
&DIllqUacUapole fDL... spcctrom~ter. 10DI are nmplcd \;fo ..
200 micron aperture Ibrougb a. ~ounded lu.inlesa steel con.. .
into the difiercntiall~' Jlumped rc,;ion of the analyzqr. The orj.
8lltation ot tqe anal~'zcr and ...mplius orifice with respect to the:
WI e1eetrodes i. S~'11 iDFigure 1. The iOIl-energy &naIrzer &lid
1\'111.81lpectromP.tcr mAY he movro by mell.llS of a. bello , ..sent-

'The Idontifoq,!on or commerciallt'l&wrisls &JIGtheir IDIIKt$ ia madc
10 d_ibe th uperin..nt adequately. It no cue doN Ihia idcnliAcalion
imp!) rco:om1l1endalio& br Ih. Naldan..1 Instltut. of Sl8I1dards IUIciTech.
1\01"1)'. nOt d il ion!,l)' Ilo&llhe inmU,ncnl is Ihe bnt ..ailll.ble.
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FI&\U'8 1. SeJtlDlatic cIi*9&m .howS tbe arientatlem of the 1011-

OJIeru ualyser ADdm&QIpeCtrometer with respect to the G~C rf .
Ihlel"lle. Cell e!octtod... Tho clilt&llcc-from the ed.geof the elee-
troG. &&sembly10 cht apertllte is d. SO is the 200 micron 4&mpling
orl!cc, no ate the Ion transfer optlct. CYA i. the cyl!11dricalmIr.
ror ion.energy aa.o111'" QMS i8 .be q u..p~ IIU.. ap&tfomete:.
PS 1&the rf powu lapply, aad MN'11the :tI&\Wllllet'A'Drk.

bly s~ch tlu.t the distance frmn tbe UItIpliDg orifice to the edgti
at the electtOde uaem!ll)' mar be varied from 0 to 10 em.

Ion-energy distributioD5 were obtained by tunill& the 11I&8.spec-
trometet to tbe io:J masi of intetest and then IIC&nsUIIIthe en-
ero nf tb. Ions eAteriDt; th" CDcrr;y aulyzer. Several aetgy
.~s were ~Vetavd ~::Id the:t stored in ~ computer for a:luy-
Ii.. Simull&l2cous meaauremeatl of di&charge voltage and cur-
reDt wavefora".I were use obtained I1!hll voltage and curteUl
p~bea lo~&ted ODthe powered. elec;trode. Amplitude. and rela.-
tive ph&8es of the harmonica 'lfCre then determined ror eaeh of
theu waveforml /l.Qdwere uled to belp cb.a:6Cterize the plum&.

Results and Discussion

ShoWIlin Filure 2 are ioa kinetic ener~ distribution. ror Ar+ &:I
a.runction of pro~ poaitioc. (fl) lor... ..pplied s-k-tu-pea1l volt.
age (V",j 0{ 200 volts. The distributio:1S each exhibit a billlodal
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Fi,ure 2. Ar+ kinetic enatg)' climiblltioal u a funcdoll of disl&Dcc

of the .pertlue Irom tile Kle of the elect:CH!. uaembly for a 200 \'".
100 Intorr UR~ plUDlL All int"1O,i~icl ~ 011 tbe MIlle I&J'bitrur
1't'14tivp. le.aIr.
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structure with .. small peak It lowcllcrgiet and I peak of vary.
i~ illteDSity at highe: ~ergiel. A cut-olt point i. oblcrved at
low -ciBl be1cw which no ion m\el18ity il observed. Table 1
indiat.. tbat the yoltl8e ar.d 'unellt wAveforlI18IS mea.sured
at the powered electrode are not aigni6CU1tly alfected by tbe
positioll of tbe ion.energy probe. detpitc the fact that tbe probo
visibly perturba the plasma as che probe i. moved doter to the
electrodes (d - 0).

AI d decreuet a .heath dovelop. uound the CAd of the iOIl'
energy probe &Adthe grouII4ed COnebehaves aa I pAl'l or the
~ullded el~lrodo. It might l!len be expeCled tu.t th~ iOIl
kinetic: CIIugy distributions for d . 0 would exhibit chuacler-
i.tiel similar to thotC ICeJ1ir. othet cxperimenu which ~ple
ioOl through the gt'OlUIded eleclrode. However. the low 6Jje:~'
cut.of It ISeV and the decreasing ion intensity below 10 eV
oluervedill Figure2 for d == 0 AfC110\colll1nenl with pre.
vious ion.enera diltributio:u for Ar+ measured through the
grDundl!d electrode [2-4). Tbil diecrepancy may be aasociatcd
with ion discrimiD&tio!1 e.'fecu illiroduced by the ~ofi.axis. ion
.&mj)lilll 8eometry utilized in the pre~1 experimc::.t and i.
eUlrelitly beiag ia\'e8tigated.

The ObMrvedstructure for eaersies above 10eV for d "" 0 ii COli'

Ii.teat with other obacrv..tiOl13(2-4)lAd has bCCII~~tributed to
I'lwie moduJation efi~ts llsoc:iated with Ar'" formatiQII by res.
onaDt charp trll!lsfer in the lheLtb [2]. As the probe!!is moved
awIY from tbe elcctrcd... this Ilructure diappeus, the cnerg)'
distribution narrow.. and the mean ion-onerc' shifls to lower
vall1l!s. All of th8e "fF~et. are eon.j't t ";11. \bc <Ii...;n;.!.i,,!
iAftuence of the probe in defilling a .heatl~ retion Dear the a[>"T'
tW'C ** the probe i. remOVl!dfrom tha vicinit)' of Ibe powered
electrode.

Moa.oun:ment. were aII'O lu.we for other ion. pr~1I1 in th. at.
IIODdildi&rlte iDcludinc Ar++. ArR". Ar~, Uld H.O" uncl., th..
saml conditlo:!1 u for the datA presented in Figure 2. Tr<'%:d~
aiwlllr to thole presented I-bove for Ar" wcre found Cor Ar++
which i. predominately f()rulC~d'in the sheath rcr;lon by h~h ('II-
ercr electron coUiliono, Howc\'ur. ion. such u H20" md A.r~
tnat are formed predomiuAntly in Ihe glo region do not exhibit
sigJIincant Itruc:tu~ in their ion-ellerc' dislributiolls as .how..
by the: example data pl'C'Retltedin Figul't' 3. AdditionAlly.sub-
Itanti&!ly .maller .hi(t. in mcan e"etg and enerv' distribution
widths are observed ror Art and RIO" lIS the probe position
waS varied.

FI~re 4 .how. Idnrtic cnerg,v dislribution~ for Ar+ II A fUDf"
tion of tbc applic.J pnk-to-peale rf voltAge fur d :< O. Th..
mean kinetic ene!r~Yi. obser..ed La ~"crclII4! AJI';"" dt1cre.un.
and thr Atructur~ ~ttribllte" to chAfg<'I'Xchange in thl! Ibeath
i, prc:aellt at ,U "olti\g('~ eXcept th(' low,..t. Ho e'.er. tile IIruc.
ture becocnCIImore! prollollllr~d lIS the bi yoltage incrUAI" in
accordance with Ihe!findin~. of Wild and Aoidl [21.
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1'1&,," 3. Azt kllLctic"'ete)' distrihlltlOI1l ... .. fuAdioll or .u'j
dJatu:ce o! the ion-cs:ergy ;lrob<!from the eleclrode _bit ror a~t
200 V1'9' 100 IDIOrtateon ,luau.. AJI mlenaltJtt U8 on the lime
uhlltat)' rwtive I~e.
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Fis"r.. ". Ar- &1ue\lc energy 4tllributlOna ... a function of app1la4
rf volt~e for .. 100 cuorr uSa" plu",a with tb.. Prllbe pod'ioa. at
d .. O. AJI iDtcn8it!el uc on Ib, 1&%1I8ubitrary relative 1CI.Ie.
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