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PVDProcesses: Plasma-enhanced
ChemicalVaporDeposition(PECVD)

Cnemical Vapor Deposition (CVD
is the deposition of atoms or
molecules by the reduction or
decomposition of a chemical vapor
precursor species, which contains th
material to be deposited. Reduction
normally accomplished by hydrogen

at an elevated temperature. Decompo€VD can be used to

sition is accomplished by thermal
activation. In conventional thermal
CVD processing, the precursor vapg
is partially heated in the gas phase
and finally heated in contact with the

hot surface of the substrate. A plasma Most CVD process-

can be used to aid in reducing or
decomposing the precursor vapor a
allows reduction or deposition at
temperatures lower than that require
for strictly thermally driven proc-
esses.

The deposited material may react
with other gaseous species in the
system to give compounds or glasse
(oxides, nitrides, oxynitrides) and
these are called synthesis reactions
CVD processing is often accompani
by hot volatile reaction byproducts,
such as H Cl,, HCI, HO or HF, and
those, along with unused precursor
vapors and other processing gases,
must be removed by the pumping
system.

CVD has numerous other names,
such as vapor phase epitaxy (VPE),
when CVD is used to deposit single
crystal films; metalorganic CVD
(MOCVD), when the precursor gas i
a metalorganic species; plasma
enhanced CVD (PECVD), when a
plasma is used to induce or enhancst
decomposition; and reaction and loy
pressure CVD (LPCVD), when the
pressure is less than ambient. With

as organic monomers ¢
the siloxanes, the
deposited material may
be in the form of
epolymeric chains and
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RAF power input

isthe process is called s

plasma polymerization. g?,,rm__
b

deposit elements,
alloys, glasses, com-

r pounds and organic or 3
inorganic polymeric
materials. Vacuum

& scrubber
exhaust

ing is done at atmo-
ndspheric pressure
(atmospheric pressure
dCVD—APCVD) after
the CVD system has
been evacuated to
remove unwanted gase
and backfilled with the
Bsprocessing gases.
Heating of the sub-
strate, precursor vapors
e@nd reactive gases is an important
process variable. The heating is don
either by having a hot surface, usua
holding the substrates, immersed in
the gas (cold wall reactor) or by
having the deposition chamber
contained in a furnace (hot wall
reactor). The gas flow rate and flow
pattern are often important process
variables. The concentration of the
precursor vapors and reactive gas(e

often inert carrier gases (diluents) a
used to establish the concentration
> the processing gases. Because the
v-surface to be coated is immersed in
the vapor, the deposition is over the
entire surface, but the thickness and

some types of precursor vapors, sud
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A parallel plate rf-driven PECVD reactor.

vary as a result of flow and heating

epatterns. If the deposition temperature
lyis not sufficiently high, the precursor

may not be completely dissociated. In
depositing silicon from SiGJ for
example, there may be some chlorine
retained in the deposited material if
the deposition temperature is too low.

CVDReactions

ssome CVD reactions are (equations
5 is an important process parameter, arare unbalanced):

e

bfDecomposition reactions

Ni(CO), —> Ni + CQ,

SiH,—>Si+H,
B,H,or BCL—> B + H, or C|,
CH,—C+H,
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Reduction reactions
WF, + H,—> W + HF
SiCl, —>Si + HCI
TiCl, + H—> Ti + HCI

Synthesis reactions

TiCl, + CH, —>TiC + HCI
SiH, + O,—> SiQ, + H,

SiH, + NH,—> SIN, + H,

WF, + CH,+ H,—> W,C + HF
TiCl, + NH, —> TiN + HCI

In low-pressure CVD (LPCVD), the
gas concentration can be controlled
the gas pressure, as well as by the
addition of carrier gases. At low
pressures, heating of the gases and
vapors occurs mostly on the hot

surfaces. At low pressures, the use ¢fhybrid deposition process (PVD/LP-

a plasma (plasma-enhanced CVD-
PECVD) allows the fragmentation of]
the precursor species to begin in the
gas phase, and the plasma allows tHh
activation of reactive gases to make
them more chemically reactive with
the deposited material. Deposition

may be done in the plasma generati
region (direct plasma system) with th
substrates on an electrode or away
from the plasma generation region

WF+SiH,—230°C—> tungsten
silicide (WSi)

TaCL+SiH,CI, + H—580°C—>
tantalum silicide (TaSj

In the semiconductor industry, films
deposited by PECVD processing ar€
often subsequently heat treated to a
high temperature (postdeposition
anneal).

Any plasma will aid in decompos-
ing a chemical vapor precursor. At
low pressures, such as are used in

bi?VD processing (<15 mTorr),
PECVD (LP-PECVD) can be used in
conjunction with PVD processes of
vacuum evaporation, sputter deposi
tion or arc vapor deposition, to give

PECVD). In PVD/LP-PECVD
processing, the most commonly use
chemical vapor precursors are
eacetylene (CH,) and methane (CH

to provide carbon for reactively
depositing carbides and carbonitride
Typically, concurrent high energy ion
bitbombardment (ion plating) is used tg
dacilitate the chemical reaction. In LR
PECVD, the plasma is usually

established using an unbalanced

magnetron configuration often in a
dual cathode or pulsed DC arrange-
ment. In some cases an arc plasma is
used.

In LP-PECVD of carbon, gas phase
decomposition and vapor phase
nucleation can produce very fine
carbon particles (“ultrafine particles”
or “soot”). In the plasma, these
particles become negatively charged.
If a surface is at a high negative
potential with respect to the plasma,
such as in ion plating, the particles do
not deposit on that surface. In the
carbon LP-PECVD system, the
vacuum pumping system must be able
to handle these particulates.

Low-pressure CVD, in particular
PECVD and LP-PECVD, is an
important vacuum deposition process

d either by itself or as part of a hybrid

deposition processesr

Bibliography

sPrabha Tedrow & Rafael Reif,

“Plasma-enhanced Chemical Vapor
Deposition.”ASM Handbook\Vol.

5, p. 532, Surface Engineering,
ASM International 1994.

(downstream or remote plasma
system).

The use of an rf-driven plasma
allows the plasma to be formed in a

large volume between the electrodes.

The figure shows a parallel plate, rf-
driven PECVD reactor (Reinberg
reactor) that is commonly used in
semiconductor processing. Some
typical process parameters for this
type of reactor are: RF-50 kHz to
13.56 MHz, 1kW rf power, pressure
down to 2 Torr, gas flow 200 sccm
and substrate temperature Z5to
700°C.

Some PECVD reactions and the
materials deposited are (equations
balanced):

SiH,—200 to 300°C—> amorphous
silicon plus hydrogeno(Si:H)
SiH,—600°C—> polycrystalline
silicon (poly-Si)
SiH,+0,—300°C—> silicon dioxide
(SIO,)
SiH,+N,0—380°C—> silicon
dioxide (SiQ)
SiH+PH;+N,0—400°C—>
phosphosilicate glass (PSG)
SiH,+NH,—380°C—> silicon nitride
+ hydrogen (SN, :H)
SiH,+NH,+N,0—300°C—> silicon

oxynitride + hydrogen (FDO,N :H)
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