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The damage cross sections ¢ of organic materials caused by Au cluster ion (Au,”; n = 1-3)
bombardment were evaluated. Three samples in wide variety were investigated: 1) a lubricant of
Fomblin Z-DOL as a thin film including an additive of X-1P, 2) a pigment of Cu phthalocyanine as
powders, and 3) a polymer of Nylon-6 as a thick film. The determined ¢ values for selected
characteristic secondary ions of al materials were in the order of 10%*~10" cm?® The & increased
with increasing n. Ratios of 6 (Aus’) / 6 (Au") were in the range of 1.5~5. In the case of Z-DOL, the
CF,CH,OH" ions originated from the hydroxyl end groups and deeply concerned with the chemical
bonding to the substrate, showed exceptionally high damage cross section. Evaluation of ¢ is very
important not only to perform the most sensitive analysis but also to investigate the chemical

interaction.

INTRODUCTION

Surface and interface analysis of organic
materials has been interested. Time-of-flight
secondary ion mass spectrometry (ToF-SIMS) has
great advantages in this field, because it can give
the information on surface chemical structure with
high surface sensitivity, high mass resolution and
moderate lateral resolution [1].

Secondary formation is strongly
influenced by the properties of the bombarding
primary ion species. Since the number of available
molecules on the outermost surface is very limited,
detection of surface organic molecules by
ToF-SIMS  requires the most sensitive
measurement conditions. Recently, Au cluster
primary ions produced by a liquid metal ion
source (LMIS) have been developed for
ToF-SIMS [2]. Not only a monoatomic ions of
Au’ but also polyatomic cluster ions of Au," are
available for the primary ion species. By use of Au
polyatomic ions, considerable enhancement of the
secondary ion formation efficiency E for
molecular ions can be obtained [3].

In order to clarify the improved efficiency,

ion
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damage cross section ¢ (i.e., disappearance cross
section [1]) is one of the important parameters
[4-6]. The ¢ determines the average size of the
surface area damaged by one single primary ion
bombardment. The efficiency E is defined as the
secondary ion yield Y per o [3]. The E
corresponds to the number of detected secondary
ions if the outermost monolayer of the analyzed
surface is completely sputtered.

In this work, the ¢ of severa organic
materials caused by Au cluster ion bombardment
are discussed. Here we focus on two aspects. One
is to compare the order of ¢ among the
investigated materials in wide variety. In order to
perform the most sensitive analysis of practical
surfaces, experimental works are needed for
understanding the  differences between
monoatomic and polyatomic primary ion
bombardment [7]. The second aspect is to
investigate the effect of the chemical interaction
between organic molecules and substrate upon the
damage cross sections. For this purpose, a thin
film material is selected. Here it should be noticed
that the damage cross section for a thin film
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Fig. 1. Positive secondary ion mass spectra
obtained from each sample. Au® was used as
primary ion species.
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Fig. 2. Dose profile of the lubricant film. Changes
in count rate of secondary ion species as a
function of Au® primary ion dose density (PIDD)
are shown.
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Fig. 3. Evaluation of damage cross sections for
CF,CH,OH" caused by Au ¥, Auy" and Aus’ ion
bombardment.

material is a combination of damage and removal
of material.

EXPERIMENTAL
Materials

Three samples were prepared. One was a
[ubricant film (~1 nm) covered on the amorphous
carbon overcoat of magnetic recording disk. The
lubricant used was Fomblin  Z-DOL,
HOCH,CF,0-(C,F40),-(CF,0),-CF,CH,0OH,
including an additive of X-1P. The X-1P has a
chemical structure of
(p-FCH40)1-N3P3-(Mm-OCsH4CF3)e. . The
[ubricant film was prepared by dip coating from
the mixed solution of Z-DOL and X-1P. The
additive content of the solution was 10 wt%.

The second was powders of Cu
phthalocyanine (Cu pc) with a chemica structure
of (CgHsN2)4Cu. Cu pc is known as a typica
pigment.

The third was a polymer film (~100 wm) of
Nylon-6. Its chemical structure is (CsH1oCONH),..

TOF-SIMSMEASUREMENTS

All  ToF-SIMS  measurements  were
performed in an ION-TOF, TOF-SIMS IV system.
Pulsed Au cluster ion beams operating at 25 keV
was used. Au’, Au," and Aus” ions generating at
the ion source were separated with the mass filter,
and were introduced to the analysis chamber. The
typical currents of each primary ion species were
0.50 pA for Au®, 0.12 pA for Au," and 0.06 pA for
Aus", respectively, with pulse frequency of 5 kHz.
Positive secondary ions were detected with
reflectron-type mass spectrometer. Dose profiles
of the interested peaks were measured from the
bombarded area of 150 um x 150 um on the each
specimen surface.

RESULTSAND DISCUSSION

Figurel shows positive secondary ion spectra
of each sample obtained by Au’. The acquisition
time was 80 s. Corresponding primary ion dose
(PID) and primary ion dose density (PIDD) were
250 x 10°® jons and 1.11 x 10% jongcn?,
respectively. Characteristic secondary ions of each
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Tablel. Evauated damage cross sections (/10 cm?) for tested materials.

Materials

Positive secondary

Mass Primary ion species

ion species Au+  Auw2+  Au3d+

Fomblin Z-DOL CFO+ 47 1.53 3.36 543
CF2+ 50 1.46 3.25 540

CF3+ 69 1.59 3.52 5.44

C2F3+ 81 1.01 3.00 4.65

CF2CH20H+ 81 4.34 6.47 941

C2F30+ 97 2.35 4.25 6.30

C2F5+ 119 - 4.44 7.00

C3F502+ 163 3.14 5.59 830

C3F70+ 185 2.94 5.56 8.45

CAF702+ 213 3.35 5.72 831

X-1P P+ 31 0.40 2.41 53.30
C6H4F+ 95 158 3.07 5.1%8

CoHACF3+ 145 1.85 3.36 3.65

[M+H]+ (n=2) 1002 4.49 6.92 1163

Cu Phthalocyanine CS8H9N+ 119 0.04 0.10 -022
C8HAN2Cu+ 191 1.85 2.55 348

[M]+ 575 3.09 3.68 4.83

[2M]+ 1150 2.6 33 4.4

Nylon-6 [M+H]+ 114 122 - 3.44
[2MAH+ 227 2.5 - 93

[3MAH]+ 340 3.0 s 16

material are observed in Fig.l. Some of ther
chemical formula and nominal mass will be found in
Table 1.

Typica dose profile of the lubricant film caused
by Au® ion bombardment is shown in Fig.2 as a
representative example. The count rates (counts per 3
scans) of interested secondary ion species are plotted
against the PIDD. The acquisition was continued for
1200 s. One can see the exponential decay curve with
increasing PIDD. The ¢ can be calculated from the
slope of the respective exponential decay curve. An
example for CF,CH,OH", which is originated from
the hydroxyl end groups of Z-DOL, is shown in
Fig.3.

The o was determined for characteristic
secondary ion species of each material. Typical
fragment ions, molecular ions (quasi-molecular ions)
and oligomer ions were selected. The results are
tabulated in Table 1 and shown in Fig.4. Obtained 6
values were in the order of 10% ~ 10% cm?® In

genera, the ¢ values increased with increasing n,
where n means the number of Au atoms composing
the cluster primary ions. Ratios of ¢ (Aus’) / ¢ (Au’)
were in the range of 1.5~5. It seems to be reasonable
because an increase in n may lead to increase the
impact area on the surface, which is believed almost
proportional to the number of atoms.

FOMBLIN Z-DOL

Fomblin Z-DOL has a long chain composing of
[-CoF40-] and [-CF0O-] repeating units. From the
Fomblin backbone, fragment ions of C,F,0," were
dominantly observed [8]. Their o values showed a
tendency to increase with increasing secondary ion
mass, as shown in Fig.5. One can see the linear
increase versus the secondary ion mass on a
logarithmic scale. Using this correlation, we can
easily estimate the ¢ values of interested secondary
ions originated from the thin lubricant film.

- 190 -
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Fig. 4. Obtained damage cross sections for
characteristic secondary ions of each material.
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Fig. 5. Damage cross sections obtained from each
material are compared as a function of secondary ion

mass.

However, CF,CH,OH®* a m/z 81 showed
exceptionally high ¢ (Table 1.) The CF,CH,OH" ions
are originated from the hydroxyl end groups, and
deeply concerned with the chemical interaction
between Z-DOL molecules and the substrate [8]. The
enhanced ¢ of the end groups is supposed to result
from energy distribution within the collision cascade
viathe chemical bonding.

X-1P

X-1P has a cyclic phosphazene structure with
side chains of (p-OCgsH4F),, and (MmOCsH4CF3)6.p. ItS
molecular ions of [M+H]" appeared at myz 1052 (n =
1), 1002 (n = 2), 952 (n = 3) and so on. From the side
chains, fragment ions of CgH,F" and CgH,CF5s" were
observed at m/z 95 and 145. Aswell as Z-DOL, their

6 values showed the linear increase versus the
secondary ion mass on a logarithmic scale, as shown
in Fig.5. Although the chemica structure of Z-DOL
and X-1P are far different, the tendency of their
damage cross sections seems to be almost similar.

CU PHTHALOCYANINE

Cu pc has a cyclic phthalocyanine structure of
(CgH4N2)4Cu. Its molecular ion of [M]" and dimer ion
of [2M]" appeared at m/z 575 and 1150, respectively.
From the phthalocyanine, fragment ions of CgHoN*
and CgH4N," were observed at m/z 119 and 191. The
o values of CgHgN™ were quite low, and its intensity
was not decreasing against PIDD. The CgHgN™ ions
are considered as fragmentation products. Such a
fingerprint fragment ion with small ¢ can tolerate
higher dose densities and may be useful for imaging
purpose.

NYLON-6

Nylon-6 has one repeating unit of
[-CsH1gCONH-]. Its oligomer ions of [nM+H]"
appeared at m/z 114, 227, 340 and so on (at m/z
113n+1). Their ¢ vaues showed a tendency to
increase with increasing n, as expected. In particular,
the o caused by Au;" showed the rapid increase
versus the secondary ion mass on alogarithmic scale,
as compared with those of the lubricant in Fig. 5.
Although the tested polymer has a linear structure as
well as Fomblin Z-DOL, its damage cross sections
caused by polyatomic ion bombardment are rather
high in the higher mass region.

One of the possible origins might be the
difference in film thickness. The bombardment of the
surface and the formation of the collision cascade
causes the damage not only at the surface but also in
the deeper layers. However, it is difficult to compare
thin film materials and thick films, because the
damage cross section for thin film materials is really
a combination of damage and removal of material.

SUMMARY

We have evaluated the damage cross sections of
three samples including four organic materials caused
by Au cluster ion bombardment.

Obtained ¢ values for the selected characteristic
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ions of each material were in the order of 10~ 10™
cm?. Ratios of 6 (Aus’) / 6 (Au’) were in the range of
1.5~5, which were consistent with the number of Au
atoms composing the cluster primary ions.

In the case of lubricant thin film, the ¢ values of
both Fomblin Z-DOL and X-1P show a linear
increase versus the secondary ion mass on a
logarithmic scale. However, the CF,CH,OH" ions,
originated from the hydroxyl end groups and deeply
concerned with the chemical bonding to the substrate,
showed exceptionally high damage cross section. The
enhanced ¢ of the end groups is supposed to result
from energy distribution within the collision cascade
viathe chemical bonding.

In conclusion, evaluation of G is very important
not only to perform the most sensitive analysis of
each interested material but also to investigate the
chemical interaction between the organic molecules

and substrate.
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