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Thin films of copper(ll) hexadecachlorophthalocyanlne (CI'PcCu) were irradiated by 80 keV Sn ions. The post-implantation 
macrostructure and chemical composition of implanted CI*PcCu layer was investigated using atomic force microscopy (AFM) 
and electron spectroscopy for chemical analysis (ESCA). 

Introduction 
Metal phthalocyanines (PcM) are of great Interest 

in electron devices (e.g., field effect transistors, 
chemical sensors [1]). Although various approaches 
for their modification on a molecular or phase level 
have been reported, such traditional for inorganic film 
processing technique as ion implantation is still 
weakly extended to PcM, and, generally speaking, 
organic molecular crystals [2-6]. Both theory and 
practice are less developed in this direction due to 
the known misgiving of the scientists employed in the 
technology of inorganic microstructures about at-
tempting at a "dirty" organic material on the one 
hand, and a lack of interest among chemists in at-
tracting of new destructive methods enhancing the 
system complexity instead of, for instance, modifica-
tion of a molecule by synthesis, on the other. 

In the present work we report some results on ir-
radiation of C r P c C u thin films with positive tin ions. 
Ion implantation into these films aimed at improve-
ment of their sensing functions was proposed in [3]. 
There are two contributions in the change of electri-
cal and sensing properties of PcM film: appearance 
of new admixtures and carbonization of the layer, 
The first contribution is in turn divided in two types: 
metal particles, i.e., nanoclusters or complexes, and 
organic molecular shivers, which inevitably arise 
during the energetic particles penetration. However, 
actual film parameters may essentially vary with time 
(natural aging) or after annealing (thermal aging). A 
description of these processes and comparison of 
experimental results are the objectives of this study. 

I. Experimental 
Commercially obtained СГРсСи powders were « 

purified by sublimation. Polycrystalline films were 
deposited using a vacuum sublimation technique, 
residual pressure <10"® Torr, onto quartz glass for 
UVA/is and ESCA analysis, or on interdigital Ni sub-
strata for electric measurements, maintained at room 
temperature. The deposition rate was -0 .5 nm/s, the 
film thickness - 1 8 0 nm (both monitored in situ by 
quartz crystal microbalance). Then the films under-
went Sn aliovalent ion beam implantation in a pulse 
lLU-3 installation (current density 40 |jA/cm^, irradia-
tion energy 80 keV), with doses in the range of 10^^-
Ю " ions/cm^. 

All samples were first studied "as is" by 
UV/Vis spectroscopy (KSVU-12 LOMO), atomic force 
microscopy, AFM (Topometrix TMX2100 with Ac-

curex tip), and ESCA (PHI 5500 system with AlKa 
source, MultiPack V.6.0a software); dark electrical 
and gas testing measurements were carried out in 
VUP-5 installation. Afterwards, additional heat treat-
ment has been performed (3 hrs at temperature -
180-200°C), and all measurements were repeated. 

II. Results and discussion 
Mean projected ranges Rp of implanted ion in 

organic solid were calculated (see, e.g. [3,4]). The 
corresponding depth profiles recorded by ESCA and 
their comparison with the estimation will be published 
elsewhere. The data for the films are reported below. 

In Fig.1 AFM images of СГРсСи film surface in 
various conditions are given. For initial samples (dO) 
a hill-like structure, which is typical for polycrystalline 
PcM layers [7], was observed. On average, the 
grains are 190 and 220 nm in base, 35 and 41 nm in 
height, before and after annealing, respectively. 
Original grains are distinguished by symmetrical 
base and rounded shape, whereas afterwards a 
faceting occurs, accompanied by a slope - the angle 
to the surface perpendicular is about 10°. This should 
be apparently explained by some thermal re-
crystallization of the layer resulting in alteration of 
grain/substrate orientation. Notice, such a trend sur-
vives further at all Irradiation doses. 

At lower doses the surface modification con-
sists in shattering of the grains leading to an increase 
of the dispersion in their size and to lowering of the 
film relief - Fig.1. Subsequent annealing modifies the 
topology strongly: there are rarely packed diffuse 
clusters and also diffuse plateaus between them. At 
higher doses the picture becomes different: the sur-
face is now formed by big rounded clusters, which 
are often more than 100 nm in height, with lateral 
dimensions less than the vertical ones. In contrast, 
after annealing the clusters disintegration and evolu-
tion of their thin structure are clearly seen - Fig.1. 

In sequence of collisions the energy of the 
slowed down ions is transferred to the substrate at-
oms or molecules [4,5]. The energy loss rises with a 
periodic number unless other parameters are differ-
ent, and, as compared with previous data (Ni, Cu, Ge 
[3]), is the highest for Sn ions. Thus, the effects ob-
served on the Cl*PcCu surface, depend primarily on 
the implanted ion mass/radius and then on its chemi-
cal activity, the latter displays during annealing. The 
damage results in formation of variously sized crys-
tallites, whose smallest size decreases with dose -
Fig.1. 
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tallites, whose smallest size decreases with dose -
Flg.1. 

proceeds In a reverse direction; the film partly "for-
gets" the irradiation impact (compare with [4]). 
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In addition, by imparting energy the ions cause appa-
rently the volatilization or displacement of molecules 
or their aggregates along the surface, therefore the 
planarization of surface is observed The subsequent 
annealing reinforces the dynamics of structural proc-
esses in irradiated samples, that leads to formation 
of conglomerates (clusters), or their dissociation in 
thin structure, depending on the dose range - Fig.1. 

AFM investigations show that the post-
implantation thermal treatment, even as soft as in our 
case, generates alterations in the film topology even 
greater than does the implantation itself. It is a fea-
ture of organic material used and of those multiple 
effects which irradiation provokes in it. Consequently, 
annealing is getting an essential step in PcM sensi-
tive layer preparation when ion beam implantation is 
applied. It should be yet mentioned, that at a very 
long exposure after completion of thermal treatment 
(more than 2 months), the time degradation of basic 
film parameters (we measured specific conductivity, 
J-V curves and UV/Vis spectra) is low, besides it 
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Fig.1 AFM images of СГРсСи film surfaces. Left column, 
top to bottom: Initial film, irradiated (5 10" ions/cm^), irradia-
ted ions/cm^); right column: the same films, annealed. 

Table 1. 
Atomic concentration table (%). 

Do 
se 

element/ peak Do 
se C1s 1 N1s 1 01s 1 Si2p a2p 1 Cu2p 1 Sn3d5 

I n i t i a l 
DO 61.9 8.5 7.0 1.5 19.3 1.9 0.0 
D1 68.4 5.8 12.6 2.6 9.3 1.4 0.0 
D2 65.4 5.5 15.7 1.0 8.4 4.0 0.0 
D3 62.1 2.9 20.5 1.2 5.7 7.5 0.0 
D4 59.8 2.6 20.4 0.1 8.1 9.0 0.0 
D5 80.9 1.3 12.2 1.2 1.8 2.7 0.0 

a n n e a l e d 
DO 59.3 8.2 9.7 2.9 18.1 1.8 0.00 
D1 67.0 5.6 17.7 2.2 6.3 1.1 0.04 
D2 64.3 5.8 22.9 1.3 4.0 1.6 0.06 
D3 63.6 5.0 23.5 0.9 4.4 2.5 0.02 
D4 66.3 4.2 23.9 1.2 3.2 1.2 0.07 
D5 68.3 4.1 21.8 1.8 2.9 1.0 0.16 

dO - non-irradiated film; d1, d2, d3, d4, d5 - dose 5x10 ' 
3x10^" ions/cm^, 6x10'" ions/cm' cm^, 1.5x10'" ions/cm'' 

ions/cm^, respectively. 

ion£ 
, 10' 
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Fig.2 Fragments of ESCA spectra of СГРсСи films (before annealing): a) 01s, b) N1s, c) CIs, lines d0,d1,d2,d3,d4,d5 - as 
in Table 1. 

ESCA results for Sn implantation are obviously 
different from those obtained for light ions (Ar̂  and O )̂ 
[3,5,6]. In Table 1 the relative atomic concentrations for 
all chemical elements found on the CI*PcCu film surface 
are given. The presence of Si atoms, which is usually 
higher for annealed films, could be explained by their 
migration from the support. Implanted Sn ions are hardly 
revealed, as the Rp value is close to the half of the film 
thickness [3]. Only for the highest doses after annealing, 
which implies the mobility of particles, some traces near 
to the error level are detected (Table 1). A carbonization 
of the layer, confirmed also by UV/Vis spectra, was 
observed. It is common for PcM irradiation with energetic 
ions [4,5], as well as the decrease of concentration of 
elements able to form volatile compounds (N and CI, 
except О - see below). 

Following the survey scans, the high resolution 
spectra of 01s, NIs, C1s, CI2p and Cu2p binding 
energy (BE) levels were recorded. Oxygen is always 
present in sublimed PcM films, its influence on spe-
cific conductivity is of great importance [1]. 0 1 s peak 
at 531.2 eV was deceted for each sample - Fig.2a, 
its intensity increases more than twice for the irradia-
ted film and somewhat after annealing (Table 1). 
According to [2] (Pt"̂  ions bombardment), such a rise 
of oxygen concentration has to be explained by addi-
tional oxidation of irradiated PcM when exposed to 
air. Indeed, we did not observe it after light ions bom-
bardment, most likely owing to the different concen-
tration (or nature) of the broken bonds. A shoulder in 
higher BE area, indicating the presence of two differ-
ent types of 0-atoms (one of them presumably in the 
form of water), vanishes after implantation. 

N1s and C 1 s peaks in ESCA spectra of PcM 
are well described in literature [5,6,8]. Here, a single 
N1s peak at 198.6 eV appears to be symmetrical -
Fig.2b, which was unexpected as СГРсСи has nitro-
gen atoms in two different (C-N-C and 2CN-Cu) sur-
roundings. Probably, the aromacity of the рофЬугіпе 
ring being reinforced by peripheral halogen substitu-
tion compensates this difference [8]. After implanta-
tion (at least for first two doses - Fig.2b, Table 1) the 
peak deconvolution gives two maxima, e.g., 398.7 
and 400.5 eV for d2, that can be attributed to the 
rupture of C-N skeleton [6]. Moreover, there is some 
shift towards higher BE (0.6 eV for d5). 

Although many efforts were demonstrated 
([5,7] and references therein) the full interpretation of 
C 1 s peaks in PcM spectra is not completed. Similarly 
to [7], the middle BE peak for non-implanted film in 

Fig.2c one can attribute to C-atoms bound with chlo-
rine. Too low relative intensity may be understood if 
we take into account the possible dechlorination, 
which easily occurs in CI*PcCu during either evapo-
ration or pre-sputtering procedures. In addition, this 
peak is first of all affected by irradiation (Table 1). At 
the highest dose only one huge symmetrical C I s 
peak (284.1 eV) and satellite (287.9) remain in place 
of known four-component structure [5] - Fig.2c. 

So, ESCA spectra fill up the data derived from 
AFM: post-implantation heat treatment affects both 
macrostructure and chemical composition of im-
planted CI*PcCu layer. The measurements of dark 
electrical conductivity a at various temperatures 
yielded Eact (thermal activation energy) values in the 
range of 1.5-1.7 eV for implanted films. For non-
implanted samples Eaot did not exceed 0.8 eV level. 
No any trend was here marked out, whereas for the 
samples after annealing Eact rises stepwise with 
dose. Meanwhile a is usually higher for implanted 
samples. The work is now in progress. 
Conclusion 

The irradiation induced damage, in spite of its 
complex and diverse nature, may serve as powerful 
supplementary technique for improvement of certain 
working parameters of PcM based sensitive layers [2 
-4]. In order to develop the optimal implantation con-
ditions, an accurate knowledge of all processes run-
ning in the film both on molecular and phase level, 
especially aging, is compulsory. Thereby the study of 
interaction of energetic particles with molecular or-
ganic solids would be expected to be considered as 
new independent direction in solid state physics. 
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