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Abstract

Relative sputtering rates versus Fe for depositing oxide films of MgO, Al.O3,

TiO2, Cr20sz,
by Auger electron spectroscopy.

FeO, Fe203, and CuO on silicon wafer using argon ions were measured
These iron and oxide films

were prepared by

depositing the oxide materials onto the silicon wafers using magnetron sputtering.
These sputtering rates were compared with previous results on the sputtering rates for

elements.

1. Introduction

The characterization of thin oxide
films is a prominent subject in the surface
analysis of solids. In the surface
analysis of iron and steels, for instance, it
is desirable to quantitatively characterize
different oxide films on steels, which
affect surface properties. These oxide
films sometimes consist of several
elements, which can be in-depth
analyzed by a combination of Auger
electron spectroscopy ( AES ) or X-
ray photoelectron spectroscopy ( XPS )

and inert gas ion sputtering, being an
indispensable technique  for in-depth
analysis{1-3]. However, there are

several problems in these analysis:
depth resolution, changes in sputtering
rates for materials, and so on.  To date,
sputtering yields for pure elements have
been  investigated extensively and
summarized[4,5]. However, sputtering
behavior should be examined for different
materials. The aim of this
communication, therefore, is to report
on the relative sputtering rates for oxide
films versus that for an iron film. The
specimens were produced on silicon
wafers using a magnetron sputtering
method. The in-depth profiles was
surveyed using AES.

2. Experimental

Oxide films of about 100 nm
thickness were deposited on silicon
wafers using magnetron sputtering

equipment. The oxides sputtered were
MgO, Al:O3, TiO2, Cr:03, FeO, Fe:0s,
and CuO. The specimens were prepared
by Kyodo international Inc. Precise
thickness of the films were measured
using a surface roughness meter, Dektak.
The density of these oxide films are
assumed to be same as those of bulk for
simplicity. The sputtering profile was
measured using an Auger electron
spectroscopy apparatus with an ion gun.
Argon ions were accelerated with 1 keV
by means of the ion gun, to sputter an
iron film and oxide films on the silicon
wafers. The angle between the ion
beam and the normal of a specimen plane
was 55 degree, and AES spectra were
acquired using an accelerating voltage of
5 keV. The sputtering rate per unit time
was calculated from the thickness and
time to reach a half of the total change in
the Si LMM peak height.

3. Results and Discussion

Figure 1 (a) and (b) shows sputter
profiles of an Fe film and an Fex03 film,
respectively, in which the concentration
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Figure 1 Sputter profiles of (a) an iron film and (b) an Fe203 oxide film.

corrected using relative sensitivity
factors{6] is plotted as a function of
sputter time. Since the shape of the
Auger spectrum for an element may be
affected by its chemical state, the
correction used may not be enough.
Therefore, it is difficult to compare the
exact composition between the metal
and the oxide. In spite of such limitation,
the sputtering profiles provide
information on the relative sputtering
rate for the thin films by argon ions.

Based on data of sputter profiles
of all oxide films, the relative
sputtering rates for oxides versus iron
were calculated, as summarized in Table
1, where the density of the film is same as
that in bulk. The relative values include
an error of about 10% from the
reproductivity in measurements. The
sputtering rate for oxide films was higher
than that for iron. A ratio of sputtering
rare of oxides to iron is between 1.34 and
2.66, while differences in rates between

Table 1  Relative sputtering rate ( RSR ) for examined oxides versus iron using
1 keV argon ions
MgO Al2O3 TiO2 Cr203 FeO Fex0s CuO
RSR 1.34 1.95 1.87 2.66 1.53 1.95 2.46
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those oxides was within a factor of 2.
Changes in  sputtering behavior by
materials may be caused by the density,
chemical state, etc. of deposited elements.

Figure 2 shows the relative
sputtering rates for elements and oxides
as a function of the atomic number. The
relative rates for elements were simply
calcultated from wvalues read from the
figure plotted by Seah[4], whereas the
data for oxides were obtained in the
present work. The plots indicate that
the sputtering rates for the oxide films
were higher than that for iron, except for
the case of magnesium. Although
systematic changes are not obtained in
this plot, it may be suggested that the
sputtering rates strongly depend on the
characteristic features of materials.

In summary, the present results
show that the sputtering rates of oxide
films were higher than those for iron by a

factor 2.7, and that the sputtering rates of
different oxides varied within a factor up
to 2.
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Figure 2
the atomic number.

Relative sputtering rates for elements[4] and oxides as a function of
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AR 0K RIER ARy FEEDOT — ¥
i, ARvF FTRAIaT ALY T DR
SHMORECERARLOTYT. §%, EbHiT,
ArA AV DAHARPT RN X — X T B KT
HRBE LM ENNIE, ZLOANFIATE
BF—F IR BOTIXRWVWTL X I A

TIT, v /R RO ARy Y LI T
MENFBEXAVLNRTWETE, EafikE
WBT7ENT 7 REEZTEVDOTL X 95
%7, BOBEIRA VI OBItHERLRD
TL X 5.

K2 CXA »bRAHLIZEBD ANy ¥
B L OEBERIThR TWET. X4 DHE
REEAFOFED RNy FIET, Sigmund
OXNGHELE OO TT (RRMEE DEIX
Dk 5TT) . K20&BOENE, B
ARy BN EZ 7y hLEBDOTL X
by, FNEL, BERZAMNTRARNyFEE
LB L2 bDTL & 52

B b D R Ry & HE ORFESRIEMES,
Mg 2R &, EBOBEBKRLL ENTVWET
N, BLARBLTIR WL AT FNRZYUTIT
RONTLXID. BAEOBEBOBELR L
WA NREIRENEBRDbRET.

48 : 1) Do you have any idea for the
interpretation to that for magnesium pure
metal shows a higher sputtering rate than
its oxide in contrast with other elements
examined?

2) You have listed up factors: density and
chemical state as the the factors related to
determining a sputtering rate of oxide
films. As far as we see in Figure 2, at
least the atomic number does not seem to
relate it sharply. Do strength of chemical
bonding and density of deposited film
interprete the alternation of sputtering rate
among oxides of different elements? For
this, it will be comprehensive if sputtering
rates are plotted agaist strength of chemical

bonding or density.

EE CEBE STV LT, SRMICEZ L
N ERBWET.

TOERO BT, SKEPLICER LB
BMOANRy ¥ —FEY RENITEBRTHZ &
T, EWVHDY, WAWARRBREOST &
LTWBERENLEREBILYDA Ry &
— BT A OLEHEEBELTWVENL T
T ZIT, KENEEoOIL, EHE ;2
BRBDANRy F—BEOEERLZETIIo
EYLTWBRONEEXRVWILLTT. B
EOFNLLTHERIDLVE LI, B
OGN, BEZOREXR b NIEL W
DTTH, TOENICIIEBRRFHELE L
LETL, TENODOFELFIRIIhTY
BROWEHSIEDbNET. FAELBMOFTEI
LIV FOFMERATBY ETAH, HTL 3
BRIZIIWANWARE TEEERLD 1.
L7edoT, KEBRERIANyF—%2HH
THREDITCBITE —DOBREELIIT X
WERBSTBVET. ¥k, TOT—2% %
IZRENTTF—FEMILE-Y, fotH &
EEAICHE LY T 5L BAETLE S
2B, FITRAEBRENHEIBEIRETOT, =
TTIRHERERTICEEDE L.

bod& bR ZRBICR LD 4 EHEThOE
EZALLBEIMLLNERANR, KERER
EBET—HELTTHRONEETREEEFT
9.
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