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We have studied the initial stages of synchrotron radiation {SR] induced chemical vapor
deposition [CVD] of metal-containing thin films from metal hexacarbony! gases. We have
measured the dependence of the initial deposition rate upon gas pressure at room temperature.
Substrates were exposed to SR for single fills of the electron storage ring at constant pressure of
Mo (CO),, Cr(CO),, or W(CO), gas. Deposition was monitored in sifu by Auger electron
spectroscopy using the SR as the excitation source. The presence of metal, carbon, and oxygen in
the deposited films was observed, and the results are consistent with previous studies. Deposition
was found to be isolated tc areas of the substrate exposed to the SR beam. We discuss these results
as they relate to the use of SR as a means to induce CVD and the possibility of patterned
deposition using a masked SR source.

1. INTRODUCTION

The photolytic and electron-beam induced chemical vapor
deposition (CVD} of metal films from organometallic
sources has been much investigated recently.' Of particular
interest is the application these methods of deposition to the
production of microelectronic devices.? Direct patterned
metallization could be an attractive aliersiative to conven-

deposited films. In particular, we investigate the deposition
rate at room temperature, the effect of metal hexacarbonyl
pressure, and amount of carbon and oxygen contamination
in the deposited metal films.

H. EXPERIMENTAL

All experiments were performed at the University of Wis-

tional microlithographic techniques.> The metal hexacar-
bonyls have been extensively studied as source compound
for CVD of metal films.! However, when used in laser- or
electron-beam induced CVD, the deposited films are often of
low guality with significant carbon and oxygen contamina-
tion,* !

In the past decade, the feasibility of x-ray lithography has
been demonstrated for microcircuit production.'? With the
recent availability of electron storage rings as a source of
synchrotron radiation [SR ] for x-ray lithography, there is a
sufficiently bright source of soft x rays for direct patterned
deposition techniques. If the advances ifi'modern x-ray op-
tics can be applied to projection lithography techniques us-
ing SR,"? then SR-induced CVD technigues may become
practical for direct lithographic patterning.

Our work is motivated by the anticipation of using metal
hexacarbonyls as sources for the SR-induced CVD of metal
films with the potential for patterning by x-ray lithography.
Itis important to determine under what conditions apprecia-
ble deposition will occur and the chemical content of the

*Published without author corrections.
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consin Synchrotron Radiation Center [SRC]. SR generated
by the Aladdin electron storage ring was used on the SRC
“white light” beam line.'* SR is focused by grazing incidence
reflection from an Au-coated ellipsoidal mirror at 86.7° an-
gle of incidence (Fig. 1). This provides a broadband spec-

FIG. 1. Schematic of the white light beamline and experimental chamber.
Synchrotron radiation (SR) is focused onto the sample (S) by Au mirror
(M}, and can pass through filter (F). The experimental chamber is separat-
ed by a stage of differential pumping (IP). The chamber vacuum is main-
tained by ion pump (IP) and turbomolecular pump (TP). Auger electrons
are analyzed by cylindrical mirror analyzer {CMA). Gas flow is controiled
by leak valve (LV) and analyzed by residual gas analyzer (RGA). Sub-
strates are sputtered with ion gun (1G).
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trum of UV and soft x-ray photons at the sample (Fig. 2). A
set of filters after the focussing mirror allowed the inclusion
of a sapphire optical flat or a 10 zm Be thin film in the optical
path.

Samples were exposed in a stainless steel ulirahigh vacu-
um chamber (Fig. 1) with a base pressure less than 107°
Torr pumped by a 220 #/s ion pump and a 170 ¢/s turbomo-
lecular pump. The chamber vacuum was isolated from the
beamline optics by a single stage of differential pumping pro-
vided by a 20 /s ion pump isolated by two beam apertures.
This allowed raising the pressure of the chamber to 10 ~°
Torr while maintaining pressure less than 107 ° Forr in the
beamline. Gas was admitted through a variable leak valve to
pressures in the range of 10 " *~10 ~ © Torr as measured by an
UHYV ionization gauge calibrated for N,. All pressures are
reported uncorrected for differences in ionization efficiency
of the gases.For metal hexacarbonyls, this likely results in a
four- to sevenfold overestimate, due to the greater number of
valence electrons per molecule compared to N,

A gold-coated copper block, 50X 12x3 mm, and a
Si(111) wafer fragment each were used as substrates. The
substrates were mounted on the end of a manipulator at the
center of the chamber, allowing accurate and reproducible
positioning of the substrate relative to the photon beam and
instrumentation in the chamber. The substrate was located
slightly past the focus, and the SR was incident at a grazing
angle of 10-15°, which resulted in a spot size ~ 3.0 X 1.0 mm
and power of ~0.5 mW. This reduced the substrate heating
during exposure to less than 10 °C. Deposition was moni-
tored in situ by Auger electron spectroscopy [AES] using
the SR as the excitation source. Auger electrons were ana-
lyzed by a single-pass cylindrical mirror analyzer |[CMA].
The spot size overfilled the acceptance of the CMA, insuring
that only the area where deposition occurs is analyzed. This
in situ white light SR AES technigue allowed the continuous
measurement of the Auger spectra as the film is deposited
without the contamination often caused by electron gun

sources, and has been used previously to monitor organic |

film deposition."
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FiG. 2. Power vs photon energy spectrum of SR from the Aladdin electron
storage ring at 800 MeV, after reflection from the focussing mirror, and
after mirror reflection and filtration by 10 ¢ Be film.
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The substrate was sputtered cleaned by Ar ion bombard-
ment until white light SR AES revealed no contamination on
the surface. The Mo{CQ),, Cr(CO),, and W (CO), solid
samples were purified by repeated evacuation in 2 gas mani-
fold. The vapor, in equilibrium with the solid, was leaked
into the UHV chamber and flowed through the system at
constant pressures (10" *—~107° Torr) during continuous
turbomolecular pumping. Presence and purity of the metal
hexacarbonyl gas was verified by residual gas analysis witha
quadrupole mass spectrometer. The gas was maintained at
constant pressure while the substrate is exposed to SR for
one injection period of 3.5-5.5 h. Total beam exposure dur-
ing this period is typically 0.2-0.4 A h. SR AES spectra were
taken before and repeatedly throughout the exposure period.

. RESULTS AND DISCUSSION

Cr(CO), Mo(CO)(, and W(CO), were deposited on
sputter-cleaned Au substrate and Mo(CO), was deposited
on spuiter-cleaned Si{ 111) substrate. Figure 3 shows a series
of Auger spectra obtained during the SR-induced deposition
of Mo(CO). The spectra intensities have been normalized
to incident beam current.The spectra obtained prior to
leaking in the gas shows the characteristic AES features of
Au. With each successive spectra taken during exposure
to Mo(CQO), gas and SR, the Au signal reduces while fea-
tures due to Mo, C, and O appear and increase in intensity.

Upon sufficient exposure within one beam fill, enough de-
position has occurred to obscure any signal from the Au
substrate, and all features can be attributed to deposited fitm.
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FIG. 3. A series of white light SR excited Auger spectra acquired during
deposition and photolysis at 1< 1077 Torr of Mo(CO},,. The bottom spec-
trum is the substrate at the start of deposition. Each succeeding spectrum
ahove is taken after additional exposure during deposition. Total exposure
was 0.35 A h.
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Similar resulis are obtained for W (CO) and Cr(CO),, with
the Auger spectra of the deposited films compared in Fig. 4.
Both W and Mo films show significant contamination by
both C and O. The Cr film shows O contamination, although
the relative quantity is difficult to discern because the Cr and
O features overlap. There is less C present in the Cr film than
for W and Mo. Indeed, when Cr was deposited for a suffi-
cient period of time on a C contaminated Au substrate, the C
signal reduces with exposure until the film is predominately
Cr and O (Fig. 5). This is consistent with studies where
chromium oxides have been deposited from Cr(CO),.'°

The predominant contamination of Cr by O, and Mo and
W by C and O, is similar to that observed in other deposition
techniques,”'® and agrees with the energetics proposed for
these systems.'” This suggests that the metal carbonyls can-
not be used for the deposition of clean films by SR-induced
CVD under these conditions. However, it may be possible to
adapt this process for the deposition of metal carbide or met-
al oxide films.

The rate of film growth during SR CVD from Mo(CO),
was determined by measuring the change in intensity of the
Au Auger feature at 69 eV as a function of integrated beam
exposure. These rates were determined for a range of sample
gas pressure from 3 107% to 3x10~7 Torr. The initial
deposition rate was found to increase monotically with sam-
ple gas pressure within this range (Fig. 6). This suggests that
for these deposition conditions the absorbance of the gas on
the surface is the rate limiting step for deposition. The depos-
ited film thickness from Mo{CQ}, can be estimated by as-
suming an attenuation length of 5 A for the 69 ¢V Au Aunger
electron, as for a Mo thin film.'® This results in an initial
deposition rate of ~43-283 A/Amp h over this pressure
range. While deposition rates at these pressures may not be
technologically attractive, the pressure dependence of the
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FiG. 4. White light SR excited Auger spectra for all three metal hexacarbon-
vls at the end of an exposure period. Arrows indicate position of Auger
spectral features for the substrates and contaminants.
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Fi1G. 5. A series of white light SR excited Auger spectra acquired during
deposition of Cr(CO . The bottom spectrum is the substrate at the start of
deposition. The substrate shows evidence of C contamination prior to depo-
sition. There is an slight increase in C upon initial deposition of Cr. After
additional exposure, the C signal reduces with growth of film containing Cr
and O. Total exposure was 0.3 A h.

rate suggests that useful rates may be achieved al greater
pressures. However, further studies are required before one
may extrapolate these results to higher pressures and thicker
films.

Note that the film deposition was localized to area of SR
exposure in all cases, and no film deposition was observed by
AES in areas unexposed to SR after prolonged dosing by
sample gas. This suggests that the deposition depends on a
surface excitation mechanism, and that there is the potential
for using SR-induced CVD for patterning in x-ray lithog-
raphy.

Attempts where made to deposit films in the presence of
5% 107 Torr of Mo(CQ), using 2 4-mm UV-grade sap-
phire filter and a 10 u Be thin film filter. In both cases no
appreciable film growth was observed during a beam fill.
Since the sapphire filter allows 56% of the light with energy
less than 8 €V to pass, the flux due to UV photons ( < 8 eV)
from our broadband SR scurce does not contribute apprecia-
bly to deposition. Similar effects have been reported for pho-
tolysis of Mo(CO),, on Si.!*?® While Be filter allows most of
the x rays with energy greater than 800 eV to pass (Fig. 2},
the total flux is two orders of magnitude less than that for
broadband SR.Thus, while photons more energetic than 800
eV may induce deposition at higher fluxes, they do not make
a significant contribution to mechanism of deposition for
our SR source. Finally, these experiments could not deter-
mine whether the deposition is due to direct photon process,
or due to secondary electrons generated at the substrate,
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Fi1G. 6. Overlayer thickness as a function of total exposure for deposition of
films from Mo(CO),, at three pressures. Overlayer thickness s given in
attenuation lengths of the 69 ¢V Au Auger electron on the right-hand axis
and in A equivalent of Mo on the lefi-hand side; exposure to SR is given in
amp hours of storage ring beam current on the bottom axis and in estimated
J/em” on the top.

since both of these processes may have significant cross sec-
tions in the range of interest (8-800 ¢V ).

V. CONCLUSIONS

Broadband SR induces appreciable localized deposition of
thin films in the presences of metal hexacarbonyl vapor at
room temperature. No deposition was observed for SR fil-
tered by a 4-mm sapphire window or 2 10 g Be filter. Depo-
sition rate increases with the pressure of the gas in the range
of 10 ¥ —107° Torr, Carbon and oxygen are incorporated in
the deposited films. Thus, under these deposition conditions,
Cr(CQ3),, Mo(CO),, and W(CO), are not useful source
compounds for the deposition of pure metal films. In films
deposited from Cr{CO),, metal and metal oxide predomi-
nate. While for films from W {(CQ), and Mo(CO),, the de-
posited metal is contaminated with carbide and residual car-
bonyl. This suggests the possibility of adapting SR induced

4. Vac. 8ci. Technol. B, Yol. 8, No. §, Nov/Dec 1930

CVD of metal hexacarbonyls for use in the patterned depo-
sition of the metal oxide and metal carbide films.
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