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Fast deposmen of carbon and silicon Layers
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Mmcw

Th].S paper deals wn.th the plasma phys:Lcs aspects of plasma
be g’lven cn prev:.ous mrk on : fas*t a.C—H graphl‘te dlamond and
a-Si:H 1ti: ‘ [ opt ) : '
process. One of the maJor } tlﬂnes in plasma depos:.tlon 1s the
relatlon betveen the composrtlon of monomer fragmts radlcals
ions and electxons and the quality of the foxmed layer It was’
generally belleved that fast depos:.tlon was a negatlve aspect for
quality, the Ieasom_ng bemg that surface mgzatlm needed time and
that fast depos:Ltlon tended. to ove:cgrcw defects. In the history of
the pxesent line, depos1t10n rate was the flrst item. But from the
J;esults over the years it became Clear, ﬂmatqualltywasmt

::essarlly contra:cy to depos1t10n rate. even crystalla_ne fllms of
good quality wexe grown w:.th good ' ,
partlcular

‘for a reassessment of ti‘e plasna depos:.tlon process at this po:.nt
it is unav01dable to make czrtaln s:mpl:.flcatlm in the picture as
there are in many cases not sufficient facts aveilable on
composition of the plasma adjacent at the treated surface. Also
adsorptlon desorptlon cycles may be 1mpormnt Wthh in tum may
influence the radical composn.tlcn in the plasma adjacent to the
surface. Tl‘erefore in this paper we w111 cautlously try to start a
discussion,  to formulate open questlms which we hope will
eventually lead to a more mlse and effectlve model:.ng of the
plasma depos1t1cm process We w111 start the dJ.scuss::.on with

surfaoe phys:Lcal processes :Ln a plasma ezmmnent. F'I‘Gn these
experiments we will deduce a very simple picture, which, even
though it may be ove:cs:lmpllfled can help in explaining results and
can guide us to better understand the relation between plasma
production, radical and ion fluxes and the deposition rate and

quality of the deposited layer.
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MODEL

Since many years it 1skxnmthatplasnadepos:.t1mlsmfacta
balance between etching and deposition in which deposition is
dominant. it is also known that in RF etching gpparatus for low
power and high pressure the balance can switch from etching to
deposition. In other words if etch processes act only on poorly
bound deposition material it is possible that deposition proceeds
with sufficient speed and with less demards to fast surface
migration. in this sense it is worttwhile to discuss shortly the
outcame of dedicated beam experiments /1-3/. In these experiment. /
the surface is bambarded with an ion beam (Ar*) and a beam of
radicals, or molecules which dissociate in radicals at the surface
(XeF, ). Thereactlwtyatthesxrfamlsmtoredbyobseangthe
desorbing and etched radicals from the surface. in some experiments
the energy of the emitted radicals is energy resolved. these
experiments give as the first basic fact of plasma processes :
there is a synezglstlc effect of simultanecus ion and radical
fluxes e.g. the effect of both fluxes togeﬂ:er is 1arger than the
smnoftheeffectofradlcalsarﬁﬂaatoflms Even though this
synergism is well known and is used to achieve amsotrop:.c etch:mg
andselectlv::.tyatﬂwesanetmme it is generally ignored when
discussing deposition,” and  in partlcular in d:.scuss:l.rg the
relation between quality and growth rate. In etrhlrg it is now
generally believed that radicals adsorb ‘and mteract with the
surface to be etched, and that ions, if suff:.c:.ently energy rich,
leadtoetdungmcanbmtlmmﬂiﬂ:eadsorbedlayerand
chemically modified +top- layer of the substrate. This picture
explains the am.sotmpy ‘as 1ms are _ essential, but also tb~
chemical selectlvrty of the procees as a specific radicalizatic
of the surface is" essentlal 'I'hefact:thatthepn:cess rate may
depend on doping /4/ ard other qualities Of ’che materlal to be
etdaedcanbeexplauxedmsxxﬂuaframﬁ( '
One wordofcautlonmstbeglvenhereregaxdugtwoaspects ane
is that the intensities of ‘the radical and ion beams are usually
lower than those ‘achieved in plasma processes, mpartlcular
canpaxedtoﬁaosemadaedmﬂ)efastdepos1t1m apparatus
descrlbei below 'I_‘hls may be a serious drawback for synexg:xst:.c
of ﬂum have 'so far led to similar conclusions. " A second
difference is that the ion energy is ‘usually scmewhat higher than
in etch:mg processug and cons1derably hlgher than in deposition.
This will t_nd to expl‘asa.ze physical processes in ‘beam @@ermmts
but again it is believed that the abcve described picture is valid
for beam-and plasma-etching experiments. However, no such detailed
studies were devotedtostudydeposrtlmpm@ssesasyetbecause
of the evident difficulty to cbserve the deposited particle
compared totheetdedpartlcle. Becauseof 1ackofthesestud1es
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there is same freedom to put forward a model, which we will use to
(over)simplify the picture in the way described below.
In the plasma the monomer gas is dissociated and ionized. Elect:rms
may be attached to from negative ions. So, radicals, which may be
vibrationally excited fragments, ions, electrons and negative ions
impinge on the surface. In the sheath a potential develops which
usually accelerates positive ions, decelerates electrons and
prevents negative ions to arrive at the substrate in diffusive
situations.
¢ is difficult to give general est:unates of the various fluxes to
«e substrate. If one takes a RF reactor as an example the net
diffusive fluxestothesubstratecanbeestunatedhyequatumgtte
, ; ~the dif: substrate /5/. The
pxoductlon is Iela‘bed (due to the existe ce demands) tothepower
density /6/. In this way ion fluxes of typlcally 10t /P .s result
for power densities of 10°-10° W/m®, if there is not too much
negative ion fozmatlm, The radical production and consequen- tly
the net fluxtoﬂesubsﬁatelsusuallysmevmathlgher For many
xadlcalstheumungﬂuxmavbeordersofuagxutude higher than
the net fluxastheradmaldensﬂymﬂzeplasnamaybeerharned
by desorptlon. Still the net flux must obey the production-loss
balance. Therefore radical densities nay learn more about the
adsoxpt;m—m;ers:.m—desozptlm cycle than about the contribution
of that partlcular radical to the deposrtlcn process.  In this
m‘tﬂm1sstlllmx:hcontrmlersyarﬁdebatem the
literature, with as pertinent example the discussion on SiH-, SiH,
to a: Si-H deposition /7/, /8/.
The above given estimate. relates to depos:.tlm net}nds 1n which the
—adicals are transport@ by dlffusn.m. In the su:uatlcn (to be
—escribed belcw) in which trensport is effect:ed by convection flow
the situation may be more clear (but. not necassarlly better). In
that case the abcve described build up of radical densities close
to the substrate due 1o adsorptlm-desorptlon may be less, and
radical de1331ty neasurenents are more irdicative for the net flow.
In view of the above described uncertainties, the still undlscussed
role of negative ions and vibrational excitation, we will make
rather drastic assumptlcns which may clear up the. plcture but
which may be subject to further discussion /5/.
Theflrstba&canidrastlcassmnptlcnlsthatatthesubstrate an
adsorbed layer is formed, which is at least several mono layexs
th1d< (fig. 1). The cmpos:.tlm and thickness of this adsorbed layer
is detennmedbyseveralfactors/Q/ Theflrstlsthetarmzatuxe
of the substrate T, ; in particular for a: Si-H deposition ‘there has
been cbsexvedastrtmgT—deperﬁerneofﬁxekuﬁofborﬂmgtypes
/7/8/. Second, the composition depends on the stoichiametric atamic
flux composition of the adsorbed layer is dete.mamed by ally the
substrate temperature, the atomic fractions of the radicals ard
ions incident on the surface arxithepomrfluxcaxrledbythe
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plasma to the surface. This is certainly an oversimplification as
several types of radicals or ions may have dlffe.rmt sticking
coefflcn.ents /11/

onvection

electron

eleciron- .

g.l Sketch of a plasna deposltlcn model; fig.la : diffusive
transport as e.g. in an RF glow discharge. Typlcalvalues
for the neutral density (n,), electron- (n ) and ion (ni)
densities (nrad) are: n,=n,=10'¢ w3, n,,=10'% m3 and n =
- 10°t mr3. The sheath voltage is 10-1OOV_ the th:.ckmss of
‘the absorbed layer is 0.1-1 mm; fig 1b: convective trans_port_-
‘as in expanding thermal arc ‘plasma reactors. n, =n =10'® m33
1019 or 3 n0—1021 m3 . Sheath potent:s.al: 1V, Absorbed layer
' thlckne‘ss —10um The ‘ sheath dmens:l.ons : are only

A ctmflrmatlm that this rather cve.zsmpllfled picture may have
sare validity is indicated by the fact that ‘in carbon depos:.tlon
similar quality material was deposrted in two vastly differer
deposition methods: the classical RF or microwave deposz.tlon which
is radical rich, and with molecular ions with ‘tens of eV energy and
the expanding thermal plasma metlrnd which is more atamic ion rich
mth:.menezglesmthesubeVrange 'I'heallyaspect that these
two methods - had in common 1sﬂ1eaverageerexgyperdep051t1m
eventarﬁtl'etaperatmeoftresubstrate. ‘

If this picture would be valid, ‘an important consequence would ‘be
that high deposition rates would be’ optimum with ions in the
exparﬁ:mg arc deposition method to be described below. The reason
is that positive ions can be guided more easily than radicals
e.g.by a megnetic field. The magnetic field confines the electr'ﬁs
ard therewith the ions. Itmllappearfurtherthat for +transport
atomic ‘ions are to be preferred to avoid recambination losses. In
other words: in this very simple picture high deposition rates
would be favoxedbytransportoflazsraﬁ:erﬂranzadlcalstothe
substrate. By carefully adjusting the temperature of the substrate
and the power flux this could stlll glve sufflclent cnﬁltlons for

good quality growth.
At this point it is worthwhile to add one more aspect: the
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necessity of an etching gas to pramote qualitatively good layers
with high rates. For several forms of crystalline growth it has
also been shown that high pressure is favorable. This points to an
etching of weakly-bonded atoms and recirculation of the etched
products through the plasma until a proper bonding site is found or
until the particle is lost. In this way this recycling, which will
be more effective at higher pressure, may replace partially the
need for surface migration to obtain higher quality material.

In the following we will first describe the thermal arc expansion
Yeposition method. After a summary of the deposition results, we
.d11 return to the picture described above.

As will be clear without explanation, the primary step for
enlarging the deposition rate is enlarging the production rate of
electrons, ions and radicals. This is achieved by separating
geametrically the production section from the deposition sec-

tion /12/. High pressure cascaded arcs are most suited for this
purpose as then high electron densities are available. Electron
kinetics dominate and radiation loss per electron production is
less. in other words the energy needed for one ionization event is

small; it is typically 2 times the ionization energy /13/.

At the start of the program it was generally accepted that at the
location of deposition the pressure should be low. (At present,

this is not anymore so0 cdbvious as will become clear in the next
section). This led to the choice of a sub atmospheric arc wich
expands in a heavily pumped vacuum chamber. The large pressure
Aifference leads to sonic acceleration which minimizes the ion
asidence time in the arc to 10-4s and therewith minimizes-ion and
electron loss to the walls of the cascaded arc.: In-fig.- 2-a sketch
is given of the cascaded arc particle source: /14/, which is

described in detail elsewhere /15/. We note here that the cathode
side (the high pressure side) is :flushed with - -argon,: which is also
the carrier gas. Halfway the arc an etching gas as H, can be
injected; at the end of the arc or in the nozzle the monomer gas is

injected in the arc. As stated, the wvelocity becomes sonic at the

end of the arc. Because:of the high electron density the heavy
particle temperature T,, is close to the electron temperature, T,

which is in the order of 1 eV. Sonic welccities 1din argon are close
to - 2.103m/s, which is the velocity of the heavy particles inside
the plasma jet. Another adventage of the use of thermal plasmas - is
the full dissociation of etching gas and injected monomers. Since.
the equilibrium is close to LTE the ionization s u'ansferred to -

the atam w:.th the lowest ionization. potentlal. R
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Fig.2: Cascaded arc gm@m‘y 1. m 2: cathode (3x), 3: cas-
c@de pimtes 4: az@éee plate, 5: ancde zzxsert {rozzle),
6: gas inlet, 7: hydrogen inlet, 8: hydroccarbon inlet 9:
Dla%@a channel. The arc anote 1s ﬁl.?&"ti‘; moamted on

a vecuum System, with a pumping capecity of 0-7001/s.

In fig. 3a a m@azlsaa is shown between measured and calculated
values of the electron density in pure argon. The two dimensicnal
model is based on the conservations laws and is also described
clsewhere /16/. the axial dependencies of velccity and pressure are
shown  in :fa.g 3b and 3c respectively. The icnization degree of the
emanating plasma is typically 10%. With 100 scc/s carrier ges this
gives an ion fluence of Z. 107° /s. If CH, is seeded in the carrier
§as the icnization is transferred to carbon (icnization potential
11 eV) and to hydrogen, whereas the remaining ions are argon ions.
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2n alternative injection lccation is a2 ring in the expeans
In that case ‘disscciation will e not complete and the moncTer
structure may be partially retained /14/. o

Before ﬁ&m_u; of éem* tion results we will first address the
physics in the expansicn zore. ,

After emen ;ai;*% frcm  the nozzle, the plasme expends further
superscnically; the plasma velcocity reac ’W?@s values of 4.1 wm/s.
Then, &t a “G@istance of about 4 cm from the nozzle a stationary
Tee e aabe expands firther subsconically.
s&m from r=f /15/7).
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Recently, detailed measurements have been made of the shock in pure
argon. The electron density and neutral density, measured with
Thomson scattering (cf. ref. :17/), are shown in fig. 5.

It is clear that the shock behaves gasdynamically as far as the
density concerns. In other words the electrons can be regarded as a
seed to study the shock wave. There is one exception; the jump in
the electron temperature appears earlier in the supersonic
expansion which is an indication of sare electron heating by
caivectlvecurxentssetupbythegradlentsmtheelectmndensuy

and temperature.

The expansion after the shock results in a widening plasma beam of
which the width increases parabolically with increasing distance
fram the position of the shock. This points to a diffusion 1like
nature of the side wards motion /12/. In the axial direction the
plasma wvelocity decreases slowly, presumably by ion-neutral
friction, but remains in the 1000-100 m/s range. As a consequence
- there is a very important difference between this method and other
classical methods: the ion and radical transport is by flow rather
than by diffusion. This means that desorbing particles will have
less influence in ocur method than in methods which rely on particle
diffusion.

In atomic gases like argon the recambination is too slow to affect
the total ion fluence significantly. This is shown in fig. 62 /18/
where the ion density profile is shown at two positions, Z = 20 anm,

= 31 am. In fig. 6® the profileat Z = 25.5 amn is shown for
several pressures. Two conclusions can be drawn for atomic gases :
First, atpxessuresbelowlmbarrecaub:matlon is unimportant in
atamic gas plasmas; so the ion fluence remains constant at ~ 2.10%°
ions/s in the quoted example. Second, the plasma diameter increases
with decreasing ambient pressure. As the ion fluence is constant
the ion density decreases, because of the widening of the
plasma beam. This limits at the present time the operation to
pressures above 0.3 mbar. In order to go lower a magnetic field
would be required to confine the plasma beam. -

The situation changes drastically if H, is added to the gas flow.
As it is injected in the arc, near to full dissociation is expected
and with H/Ar seed ratios close to the ionization degree, H' ions
should dominate.



Nei FAST DEPOSITION OF CARBON AND SILICON LAYERS i15

0]
O
T

20 F.

n (’1’818 m=3.)

10 F

100 -s0 o s0 o0

(a) . . L rEmm baso e
25 LN

S0k

5F

n( tetB m-3)

{(b)

Fig.6: a radial ion density profile in an expanding argon plasma at
three different axial positions:o, 20 am, +, 25.5 am, ¢ ,

Background pressure p= 0.3 torr, arc current 1= 45 A

argon flow rate = 3.51/min.

b Radial ion density profile in an expanding argon plasma

for different pressures:n0, 0.1 torr, +, 0.3 torr,9,0.6 torr,

A,0.9 torr. Arc current 1= 30 A, argon flow rate = 3.51/min.

In fig. 7 again a prof:.le is given, now for a 95% H/Ar—nuxmze

Note the enormous difference in density scale compared to fig.6.
Apparently a wvery efficient recombination channel is cpe:ratlve ,
Considering all possible processes there is no other explanation
than to assure dissociative recombination because of the large
rates. But this requires molecules, and first the conversion of
atanic ions (B, Ar) to mlecular ions should be a;pla:um For
the protons, charge +transfer betwesn H* and H,v -vibraticnally
excited molecules is the only mssa_blllty If one estimates the
partial H,¥ >* density to be in the 10'8/m® range, at least
gqualitatively this route can be explained. Residual Ar* icns are
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prcbably lost via formation of Ar ¥ in a3 collision with a &
molecule, and subseguent disscciative recarbination. Both molecular
icns are readily lost by disscciative recombination, mch is fast
because of ‘high n, and large rates Rr <~ 10-1® 3 104 o /s. In
other words, if icns ars to be retained during tzfansgc**c it is
sssential '%;0 transport  the ions in the form of atomic icns. This
must e achieved by keeping the ;@rﬁ&i (vibrational excited)
molecular pressure small encugh. as explained above this is at
present not fully reachable as the nressu{e must be. above 0.3 mbar
to avoid too much widening of the plasma beam. So with H, seeded
argcn  arc plwﬁs two aspects are changed which may affect
depcsition : 1) H atoms are added, which serve as an effective
selective setchant which is teneficial for q'ualliv 2) the ion
fraction is destroyed which may have an important Lmt cn
depcsition rate and quality. At present it is impossible to
disen tangle these effects; however, it does mean that improvement
Gf" Qdaﬂ*y and Cdecrease of devosition rate not necessarily
cnnected. New experiments at lower pressure (<.1 mbar) and with
ﬁ@gsemc fields have to be mrzam to answer this very dimportant
question. Let us finally discuss shortly the processes close to the
SLbS‘tra“'.AﬁE substrate.the incoming ions arﬁelec‘trms

)

{15 m—3

(

n

O

Ci0 ms0 o s0 00

F (mm ) o
Figf?.‘ z:aﬂlai ion éaasr*y ?"‘Oﬁille m an ex@andarg az‘gaﬁ/hyzm
(5% Ar, 95% H, ) plasma at three different axial positicns:

o, 2%&&%235@,&,31@&%@‘@ pressure p= 0.3
torr, arc current 1= 60 A, argmflcwrate—i% 5 1/min.
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In so far this concerns to be deposited particles like Ct, this
recombination could lead to deposition. For Ar* and H* ions surface
recarbination will lead to desorbing gas atams or molecules.
Therefore surface recombination contributes to the build up of
pressure, just before the substrate. Therefore in the area just
before the substrate recirculation vortices could be set up, which
will be more prominent at higher pressures. particles at the
periphery of the plasma beam will be deflected and contribute to a
glcbal recirculation flow in the chamber. Detailed measurements of
hese flows are still to be done; therefore, only qualitative
agreements can be given.

DEPCSITION RESULTS

aC:H films

Over the past years the first and most attention has been paid to:
amorphous hydrogenated carbon films. These results have extensively
been published, so here enly a summary suffices /12, 14, 15/.
The amorphous carbon films are produced using only argon (20-400
scc/s) and a hydrocarbon (£ 8 scc/s) in the setup. The substrate
temperature was always between room temperature and 100°C (by water
cooling), and the vessel pressure about 1 mbar. The nozzle sample
distance was about 70 am. The deposition rate of this amorphous
material proved to be linear with the monomer injection rate up to
a maximum where it saturates. #
The oObserved rate is compared mf:.g. Bmﬂlacalwlatedrat
ssuming 100% carbon efficiency. From fig.8 it is clear that a good
material efficiency is reached. The dlffererms in saturation rate
for CH, and CH, can be explained by the differences needed to
fxagnen‘tlze these molecules and to ionize the resulting atoms
(7100 ev/C* for CH,,”35 eV/C* for C,H, ) which as stated before is
reflected in a dependence of the growth rate on the power density.
The material structure has been investigated by several techniques.
Diffraction (low Energy Electron Diffraction, LEED) and SEM
photographydomtsl*manycrystallmesmx:tuxesmthese
amorphous films. Raman spectra show very broad phonon absorption
bands which are characteristic for amorphous non crystalline
materials. The main film diagnostic tool in ocur work is
ellipsometry /19/. With a He-Ne ellipsometer in situ measurements
of the refrective index (n,k) and the film thickness can be
performed. In.flggthexefractlvelndexofﬂeannzptmsflhrs is
shown as a ftmctlm of the inverse enengy o&fflclent g(Ww?l)
[Cflow

[Arflow] [Parc]
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stard o/ stand for the carbon and argon flow rates respectively,
and /P,__/ is the arc power in watts. The quantity 0! can be seen
as the available power, transported by argon, per injected carbon
atom. Ex situ these films are studied by spectroscopic ellipsometry
/24/. This apparatus is in principle egual to the He-Ne
ellipscmeter mthﬁnsresgectﬁxathezeacasc&edazclsusedas
a light source /20/, with a high spectral intensity in a small
angle in a very broad wavelength region, ard of course a different
detection system. The detection now takes place by a monocchramator
slus a photo multiplier (250-800rm) or a InSb/HgCdTe sandwich IR
detector (2-8.5um). With this setuptt'eoptlcalbaxﬁgap which can
be determined fram a Tauc plot, and the C-H absorption bands can be
measured. ‘I?Ebandgaplsalsoplettedvsﬂefactorgmflgg, A
typical measurement of the absorption bands is given in fig. 10. In

this flguretheplasnaparanetersmresudiﬂaatﬂaefacmr Q0 was
small (= 2.10-% W!), which implies a soft polymer like a:C-H film.
The absorption peak at 1450 ar! may refer to sp? G2 or to sp?
CH,. As also a pesk is found at 2946 ar?® (sp? C;) and not at 2920
ar! (sp® Gi,) the conclusion is that sp? G, is one of the

prevalent binding forms. The wks at 1370 ot and 2875 'l canhe
a‘c‘tr::.burt:ed‘!:0:sp3 C}Iandsg? respwtlvely/m/ XN e
50 f e
5 oust 7
40 FHE
900 1800 2700 3600

wave ﬁambef {cm—‘i}

Fig. 10 Ellipsametric spmi:mn of a typlcal polymerlﬂf.e a—C H layer

~ Plotted is the ellipsametric angle ¥ vs. wave nunber

c (arl). The parameter ¢ is stmrgly coupled to the
absorption coefficient of the film.
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With Rutherford Back scattering the hydrogen content.and or depth
pmfllecanbemeasured A detailed study still has to be done, but
same tests reveal -that  for polymer like films the H contents is
about. 60% (Q<4 108 W-l) whe-reas the diamond like.coatings (Q>10-5
Wil) show a content .of 20-30 at%. Also the mechanical property
hardness (Vickers) can be plotted vs. Q in fig. 9 which gives a
simple relation between the optical and mechanical properties..

Wlth the same expernnental setup 11: 1s also poss1ble to gw:ow dJ.a—
mond films /22/. The parameters are quite different fram the aones
for amorphous f;les ‘concerning substrate temperature, pressure and
hydrogen/carbon ratio. However there .is no difference .with other
depos:.tlcn techruques like RF plasnas hot filament or microwave

In thls mrk a mu:ture ofl%nethanemhyd:cmenwasusedw:.th
axgmlusedascarrlergas (Ar:H, :CH, = 100:100:1). The  pressure in
the substrate chamber mustbe(mwrcase)largerthanabout45
mbar, and the substrate temperature, monitored by a pyrameter, was
between 850 and 1000°C. The nozzle to substrate distance in this
setup was between 2 and 10 cm. diamond was deposited on silicon
wafers (deposited area about 4 av ).

Thedlaxmﬁqualltywasexanunedbysmplntographyamimcmmmn

: Without special preteatment of the substrate
surfaces famted individual crystals of 15-25 ym, maximum up to 65
um,mredepos:.tedafterllmr In the center of the deposit
(center of the beam) the particles are well faceted while more to
ﬂ}ewgethepartlclesarelessandlessfacetedarﬁendupmball.
shaped structures. Ramanswtraofthesepartlclesrevealthatﬂae
center particles are 'pure' diamond and more to the edge graphitic
and amorphous particles are formed. After scratching the substrate
with diamond powder (1 um particle size) continuous diamond films
were grown. also for the films the morphology is changing from
diamond in the center to a mixture of diamond, graphite and
amorphous carbon at the edge fig.1l. this change in morphology can
be caused by two parameters: substrate temperature and plasma
composition. The substrate temperature decreases towards the edge .
because the substrate is heated by the plasma itself, and the
particle densities a;sodaargetmardstheedgewhl&capleadto
different deposited material anyway. As an example also the
pressure dependence to the morphology is given in fig. 12. In this
flgurem}ecanseethatwhenﬂ;epresszre is decreased graphitic
layers are. formed.  the 1mbarsettmgthereforelsthestartu19

point for produc:mg graphlte layers.
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}————50 pm’

Flg 11: SEM nu_cxographs taken at dlffenent 1ocatlons on the ‘sSame
silicon substrate. Near  the center of the deposition
area high quality crystalline diamond is cbserved (left).
More to the edge of the deposit more and more ball shaped
(graphitic, see the right picture) structures are formed.
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Fig. 12: Cascaded arc plasma deposition at different pressure
levels. In a series of experiments all other parameters
were Kkept constant. Drastically different materials are
deposited. At 1 mbar, only graphite material can be
detected by means of Raman spectroscopy. At 22 mbar the
nanocrystalline diamond or  diamond precursor peaks at
1150 ar! ard at 1470 ar! became clearly distinctable.
At 34 mbar a narrow diamond peak is already detecded and
at 45 mbar the common Raman spectrum of a continuous
diamond coating (with some impurities) is measured.
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Greaphite

To carsplete t%'e plcture for carbon also gzapm.m was gxcwn/zz,’

Forthedepositimofgmpi‘utesubstratete@exatuxesmﬁe range
of 600 +to 1400°C are used. In Raman spectra most of the deposited
graphite showed wal intensities of the single crystal graphite
peak at 1581 amw!  and the defective graphlte mk at 1355 arl.

This is attrlbuted 1o r}anocxystallm material with randcm
crystalline orientations and ‘moderate ‘heat - conduction.  The
deposition rates were very hlgh Several hurxixeds of mm/s over
areas of about 30 ar? 11pto]41m/smlan2 wasxead'm If more
hydxogenwasadmxedarﬁzfthepxessureatﬂedepos1ﬁmlocatlm
was raised, the material properties were m@mved ccns:.dembly, as
is dmzstrated in the Raman spectra of fig. 13, S
: Inmlsflguxeaaecanseeﬂxatmeasugtm hyd:cogen admnd:ure
leads to a decreasuagdefectlvegraphlte;aeak (1355 an'l) and an
msu}g graphlte pesk (1581 ar!). The SEM picture of fig. 14
correspords - mth the spwtnzm of flg. 13d4. This mterlal could
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Fig. 13 Effectoflrm‘easmgtbehydzngenadnuxtuxeonthe Raman
spectra of the deposited graphite (like) layers. from top
to bottom (fig.13 a to d) the hydrogen H, admixture was
2.5, 5, 10, and 20 scc/s respectively. The substrate tem-
peratmfe wasSéGC.'Ihegrowthrateforatoddecreased
from 26 to 21 to 12 and to 13mm/s respectively.
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Fig. 14: SEM micro gxaph of the fllm wrth Raman spectrum 13d.

withstand severe heat shocks up to 3MJ/m in 1§ G g R
the deposition rate was reduced; it will has values of up to 10:_35508
/s over areas of 10 ar.

S‘»] ] 3 -:' -

Recently amorphous hydrogenated silicon is produced in a new
experimental set up according to the same principle. In _this
experiment a mixture of 10% SiH,, 90% argon is injected through a
ring in the main (argon) plasma flow. This ring is mounted 5 am
downstream the nozzle. The samples are supplied to the vacuum
vessel through a load lock system which prevents the vessel of
being polluted by other gases than argon, silane or hydrogen. We
used four different types of substrates: gold coated stainless
steel, gold coated quartz, quartz and silicon substartes. the
substrate temperature has been varied between 100°C and 300

Typical plasma settings were: 5 scc/s SiH, /Ar mixture 60. scc/s
argon. We used spectroscopic infrared elllpmnetry to investigate
the gold coated samples. Film growth has been monitored by in situ
ellipsametry. The other samples have been examined - with infared
transmission experiments. we have detected polysilane chains:
[(siH, ), ], SiH, and SiH bonds depending on the substrate
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tenperatuxe- /24/~,W1fc11 ‘a - temperature of roughly 250°C - we. have
: ;_)f‘SJ.H_ stretch bcnds one at 2000 cm-_1 and

mamtalrm}g a good 1cm:Lzat1cm deg::ee of the plasma

DI&_IEI(N AND SUMMARY

One of the conclusions of the amorphous carbon deposition is that
the material properties of the fast grown material in ocur method is
very similar to that grown in cother methods. This: similarity of
results despite the large difference in the energy and kind of
fluxes to the substrate and the difference regarding transport by
diffusion wversus transport by flow points to a wvalidity of the
simple "absorbed layer™ “model described earlier in the paper.
Substantiation of this result is very 1mportant ‘as its wvalidity -
gives rise to *important consequenses. It would indicate that the
temperature and the irradiated energy per deposition event would ‘be
the determining factors. ' The way on which the atoms of the to be
deposited- layers are transported to the substrate would be of less
importance. In this fxan‘ewo:ck it would be preferable to use ions as
deposu:lon agents as they are more easily  transportable; atomic:
ions - aretobeprefenedastheyreta:nthed‘smcalenergybetter
than the molecular ions in view of dissociative recombination.
The results on amorphous silicon with the  expansion deposition
technique have not yet reached sufficient maturlty to draw definite
conclusions here. The (known) sen51t1ve ependence on substrate
temperature has been confirmed. :
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The role of admixed hydrogen, which in cur method will be fully
dissociated, needs further discussion. It has two effects; -under
certain conditions  the material properties improve. It also leads
to a decrease of the deposition rate. A simple, and certainly
partial, explanation is that H-atoms etch preferable loosely bonded
deposited particles. In the absorbed layer picture this would  be
equivalent to a  relative increase - of the H-abundance in the
camposition of the layer, which will shift the equilibrium more to
etching, in particular for loosely particles. -

wever, fram experiments ‘also a second drastic consequence of
admixing hydrogen has been discovered: it has a devastating effect
on the ionization degree of the plasma. It will be unavoidable that
this has a negative effect on the ion component of the -synergistic
deposition process and therewith on the deposition rate. In so far
it is the second partial explanation of the decrease of the
At present it is not possible to disentangle the two effects of-
hydrogen admixture. But it may be that improvement ‘of quality is
not - necessarily coupled to loss of deposition rate if one could
avoid the loss of ionization degree during transport. This forms an
important point for future work. : g
let us now return to the results on crystalline material. In this
case the temperature of the substrate is substantially higher, in
the range of 600°C (graphite) to 1000°C (diamond). It is to be
expected that the absorbed layer is substantially less developped.
As a oonsequence the relation between the deposition-etching
balance and the composition of the plasma adjacent to the surface
will be more direct. In particular for the diamond deposition case

e role of an etching agent is essential. In the present case only
uydrogen has been tried, but it is known that oxygen works as well.
The picture is-here that the atomic hydrogen preferentially etches
non—diamond-bonded 'carbon particles. this gives rise o @ balance
between = etching and deposition, in which only a few of the many
deposition events lead to successful diamond -deposition-events. In
this picture also the improvement of quality and deposition rate
with ambient pressure can be made plausible. At - higher pressures
the recycling through the plasnawillbemreprmd.rmtarﬁtt'e
residence time adjacent to the substrate:for- H and C~ containing
particles will be  prolonged. In fact-this forms a very pramising
factor for plasma deposition, as surface migration can probably be
replaced by much faster recycling -through the plasma, and also this
point certainly deserves more attention. R
The etching of graphite in diamond deposition experiments by the
overdoses of hydrogen atoms has been  confirmed in graphite
experiments. In those experiments the -admixture - of -hydrogen is
substantially less; in the same order or samewhat larger than the
monomer admixture. If it is chosen much larger, than the deposition
on graphite substrates shifts to etching.. At lower H-admixtures the
quality of the graphite improves accompanied by same loss of
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deposition rate. As in the diamond case the results are better for
higher ambient pressures adjacent to the substrate.

Also in the crystalline .case it is not known as yet, which
contribution the side effect of ionization loss with increasing H-
admixtures has. Eb;permmtsaremllbedaaetoaddzessthlsmtter
in the future.

It is realized - that in the present cx:ntrlbutlm the pnoposed
description model forms only an incomplete basis to address - the
observed findings. It is insufficient. to describe several effects
deposition/etching on the material of the substrate. Using the same.
plasma conditions and substrate “temperature an indication for this
effect is shown when diamond was deposited on silicon, etching was
observed on  graphite substrates -which points. . to  selective
deposition in-analogy- with selective etctung Another example forms
the influence of scratching the substrate and the  apparent
necessity to include .an initial growth mechanism in the picture.
Still we hope that this.contribution in results and discussion can.
contrlbute to further classification of  the process and plasma
deposition. andtofuxiangnewwaystomprovequalltyarxi
depos:.tlon rate. =
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