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Thin metal films occupy the important place in
microelectronics, magnetic storage and allied domai
The continuous films of Ni, Co, Cu, Mo, W and othare
used in  microelectronics for ohmic contacts,
interconnections and so on. The metal granularsfire
used for magnetic storage. The granular films with
magnetic metallic clusters embedded in insulating
matrices attract attention because of it unusuajnetc

property.

Widely known the metal organic chemical vapor
deposition (MO CVD) process is applied for thin
continuous metal film formation. However, for gréamu
metal film formation the polyol process, involvirte
reduction of metal salt with ethylene glycol orttlidene
glycol, and the process of metal and inert
condensation are used. The aim of this paper disttuss
some points of using the MO CVD process for the
continuous or granular metal film formation.

gas

The chelate compoundss-(2-Imino-Pen-En 4-
Trifluoro-Acetylacetonato) Ni(ll) — Ni(ktfaa) and bis-
(2,2,6,6-Tetramethyl-2,5-Heptandionato) Cu(ll -
Cu(dpm) were used as precursors for Ni and Cu film
deposition, respectively. The films were deposide@50-
350°C using a vertical flow warm-wall reactor equipped
with an inner precursor sublimator. The nickel 8Invere
deposited onto 8 10x 0.4 mm (100p-Si and 5x 10x 1
mm Cu polycrystalline plates (the substrates). phee
Cu substrates were polished up to surface roughofess
0.08 um. Then the substrates were washed with high-
purity acetone, boiling high-purity trichloroethyile,
deionized water and dried in air. The copper fiwere
deposited onto 2& 20 x 0.4 mm sitall (SiQ) plates
polished and washed like describe above for Siteailes.

On copper substrates the films are the replicas of
the substrate surface at temperatures of 250 2C30the
roughness appears only when the film thicknesseslge
120 nm. Hence, the metal films on the metal sutestyat
least for transition metals, are continuous. Ormcasil
substrates the granular metal films are depositdus
known phenomenon is associated with the selecte®@im
deposition. The separated metal particles coaleswn
the film thickness increases. We can see also that
the deposition rate is much more on the coppertsaibs
against the silicon substrates at the same proeedur
conditions. The films havéc Ni structure according to
the XRD data but the only diffraction peak correstiag
to d, = 2.03 A was reliably recorded because of small
film thickness. It is clear that the XRD data assariated
with the film volume structure. In regard to theusture
of a film upper layer the electron diffraction shexivthe
presence of the reflections of tfee Ni structure and a
number of additional unknown reflections.

We compared the spectra of the CVD Ni film
with the Ni films obtained by the unoil vacuum aaifl
vacuum sputtering methods. In the latter polyedilewas
used. The peak with the chemical shift of +3 e\Atieé

to the NP peak corresponds to nickel oxide. The wide
minor peak at 855.5 eV binding energy is assodiati¢h

Ni effective charge of +1 which probably correspsrd
the Ni — O bond in the Ni(ktfagthelate. The resistivity
of the Ni films on the Cu substrate was less than1®°

Q cm but it may be the result of the bulk copper
influence. The resistivity of the Ni film on thelison
substrate was found to bex210* Q cm that is higher
than that of bulk Ni. This can be mainly attributedthe
small contact area between the Ni clusters for fiins
(50 - 100 nm). What is quite surprisingly that tién
insulator layer exists on the film top independgath the
procedure interrupting time, experiment conditicarsd
substrate materials. The insulator property offiine top
becomes apparent under electron beam in SEM because
of electrostatic charge accumulation on the filmfae.
The insulator layer was not removed by annealingiin
dissolving with ether, chloroform and others metatlate
solvents. Only after the delicate mechanical treatnof
the film surface the metallic contacts for resisyiv
measuring may be produced.

The Cu films were deposited on itall
(SiO,) substrates with Cu(dpmpercursors. The granular
Cu films are deposited in reduction (hydrogen) areit
(argon) atmospheres at the same others procedure
conditions: substrate temperature of %10 partial
pressure of the Cu chelate of 0.09 Torr. The thesknof
the films produced in Hand Ar equal to 750 and 75 nm,
respectively, for the procedure time of 15 min. erthe
copper deposition rate is ten times greater inr¢kection
atmosphere. The resistivity of the films 750 nmclthi
produced in His (3-5)x 10° Q cm and (7-10% 10° Q
cm for 80 nm thick but the film 75 nm thick depesitin
Ar showed an insulator property. However, all filtmad
fcc Cu structure, according to XRD study. Hence, i@ th
case of the copper deposition in Ar the copperigast
had no metallic contacts because of protecting Hgy t
insulator layer. The insulator is, probably, anaig by-
product of the chelate thermolysis. All Cu filmoguced
at different procedure conditions in, kvere covered by
thin insulator layer as in the Ni case discusseavablt
seems that for Ni and Cu films we obtained the
polychelate formation on the metal surface. The
polychelate moves together with film surface duninetal
granule growth.

According to the experimental data the effective
activation energy of the chelate reduction ini$l27+ 7
kJ/mol. The deposition rate is larger at the same
temperatures for H(dpm) addition but the effective
activation energy is smaller and equalst1®kJ/mol. The
reaction order with respect to H(dpm) equals zero.

The treatment of experimental kinetic data have
allowed to present the multistage reaction schefrtheo
Cu chelate reduction. One of the stages is a foomaif
the polychelate, which moves with the metal surface
during all process.

The granular film formation is fesed on
nonmetal substrates, for example, silicon and asilic
oxide plates. In reduction atmosphere the deposited
granules increase in size and coalesce duringribeess,
resulting in metal conductivity over the film. Inr Athe
fine metal granules do not increase in size, tbe@lesce
is excluded and metal conductivity over the filne awot
realized.



