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ABSTRACT 

The results of observation of different structuring techniques of thin metal layers applied in micro system technologies 
are presented. The Ti V getter films formed by magnetron sputtering have been explored using scanning electron and 
atomic-force microscopy, Brunauer-Emmett-Teller method, thermogravimetric analysis and fractal geometry. The film 
sorption capacity for hydrogen given by thermogravimetry was of 7.7 m3·Pa·g−1. To estimate the effective surface area, 
the fractal geometry tools were used and the calculated value of the specific surface area was about 155 m2/m3. The sec- 
ond object under investigation was a structure composed of micro- and mesoporous silicon and copper layer deposited 
electrochemically on the pore walls. Porous silicon when coupled with a reactive metal or alloy is expected to be an 
effective getter for micro system techniques. The use of porous silicon and specific conditions of depositions allows to 
form the structure of complex fractal type with a specific surface area of 167 m2/cm3. 
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1. Introduction 

The specific requirements for getters are characteristic of 
MEMS industry due to chip miniaturization and expan- 
sion of advanced packaging technologies [1]. Traditional 
sintered non-evaporable getters (NEG) are too big for 
MEMS packages [2] and may be cause of particle gen- 
eration [3]. Getters for MEMS should be as small as pos- 
sible and keep one’s effectiveness at the same time. 
Highly developed surface and surface reactivity are the 
attributes of low-dimensional systems [4] that allow to 
use nanostructuring techniques for creation of getters pur- 
posefully. Nanostructured getters made by sputtering are 
of developed surface, high sorption capacity and low 
temperature of activation, but are much thinner than sin- 
tered one [5,6]. Optimal performance of sputtered non- 
evaporable getter films is reached by variations of sput- 
tering conditions and alloy composition [7,8]. 

In the study we have explored non-evaporable TiV 
getter films formed by magnetron sputtering. The scan- 
ning electron microscopy and tools of the fractal geome- 
try were applied for analyzing of morphological features 

of the getter films; by means of thermogravimetry the 
sorption capacity was measured. 

Alternative way of formation of getters is based on the 
use of porous silicon (pSi). This material with character- 
istic developed surface (nanoporous silicon ~1000 m2/ 
cm3, mesoporous silicon ~100 m2/cm3, macroporous sili- 
con ~1 m2/cm3) [9] is both relatively easy to fabricate 
and compatible with microsystem technologies [10]. The 
application of porous silicon of 200 m2/cm3 specific sur- 
face area as a getter material has been described [11]; the 
device with the porous silicon getter has 2× higher qual- 
ity factor than the one without the getter. 

We suggest combining porous silicon and reactive 
metals or alloying to produce getter materials of new 
type. Filling of the pores with one or more reactive met- 
als will result in a considerable increase of the sorption 
capacity of the material. The idea can be realized by 
electrochemical deposition of reactive metals into the 
pores. The physical characteristics and performance of 
such composite getter will be conditioned by complex 
interaction of porous matrix behavior and reactivity of 
structured metal layer. To test the proposed technical 
solution the samples of composite structures have been 
produced by electrodeposition of copper. *Corresponding author. 
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2. Production of the Samples 

2.1. Sputtered Getter Films 

Thin getter films of TiV were made by magnetron sput- 
tering in direct current mode using composite target. The 
desired film composition was provided by preliminary 
calculations of metal segment area. The sputtering was 
carried out at argon pressure of 10−3 torr with varying of 
current density in the range of 10 - 30 mA/cm2 and mag- 
netron voltage from 350 to 500 V. Silicon and glass sub- 
strate widespread in microsystem technologies have been 
used for the sputtering. A pre-heating of the silicon and 
glass substrates to a temperature of 150˚C was carried 
out using halogen lamps, during the sputtering the sub-
strates were heated to 200˚C. 

2.2. Composite Structures 

For creation of porous silicon layer an electrochemical 
anodizing technique was used. The process was carried 
out in one-chamber electrochemical cell of vertical type 
with the use reticular platinum electrode. Porous silicon 
samples were prepared from n-type (10 ohm·cm) single- 
crystal (100) oriented silicon wafers. After the wafers 
were held in 10% aqueous HF solution to remove natural 
surface oxide, they were rinsed thoroughly with deion- 
ized water and placed into the electrochemical cell. Ano- 
dizing solution was a mixture of HF (40%) and C2H5OH 
(96%). Direct current anodizing was carried out in the 
absence of ambient light; the ion current density was up- 
to 40 mA/cm2, the magnitude of one was maintained 
within 0.5%. After electrochemical etching the porous 
structure was rinsed with deionized water. 

The electrodeposition of copper was carried out at 40 
mA/cm2 ion current density with the use aqueous-alco- 
holic solution of blue vitriol (0.01% - 3%). The thickness 
of the copper layer can be varied widely and is deter- 
mined by the size of pores and by the need to keep high 
porosity. The exploration of verifying Cu-pSi composite 
allows to check the proposed solution of structuring, in 
future works it is planned to sample other metals or al- 
loys for producing of functional layers are of specific 
characteristics. 

3. Characterization of the Samples 

The morphological features of the experimental struc- 
tures were investigated using scanning electron-ion mi- 
croscopy and atomic force microscopy carried out in a 
tapping mode. Chemical composition of the samples was 
determined by X-ray fluorescence analysis (XRF). Sorp- 
tion capacity measurements have been done by special 
experimental set-up and technique grounded on the vac- 
uum thermogravimetric analysis allows to detect weight 
changes up to 10−7 g at different temperatures and gas 

pressures [12]. 

4. Results and Discussion 

4.1. Sputtered Getter Films 

The results of observation of getter films by XRF (see 
Figure 1) show that the sputtered film contains about 70 
at% of Ti and 30 at% of V. 

Planar and cross section SEM micrographs (see Fig- 
ures 2(a) and (b) respectively) showed that films depos- 
ited in DC mode at current density of 30 mA/cm2 and 
voltage of 400 V have resulted in nanophase columnar 
structure. The columnar structure provides a largest value 
of sorption capacity, because it is characterized by devel- 
oped grain boundaries, contributing to gas diffusion [5]. 

AFM analysis of getter surface (see Figure 3(a)) ex- 
hibited complex self-similarity texture are of marked 
fractality. The average roughness of the film on the pro- 
file line AB is 11 nm with an average size of fractal ag- 
gregates of 50 nm. 

Brunauer-Emmett-Teller (BET) method [13] has been 
used to estimate porosity and specific surface of the  
 

 

Figure 1. XRF diagram of TiV getter film. 
 

 

Figure 2. SEM images of the TiV getter film: (a) surface; (b) 
cross section. 
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Figure 3. AFM images of the surface (a) and profile AB (b) 
of getter film produced by magnetron sputtering. 
 
films. The measurement demonstrates the presence of 
open porosity as well as closed one. 

The fractal dimension, allows to characterize the tex- 
ture quantitatively, was calculated using “perimeter-squ- 
are” method proposed by Mandelbrot [14]. The structure 
showed in Figure 2 is characterized by fractal dimension 
of 2.745 that proves an advanced surface of the sputtered 
film. 

The fractal geometry approaches have been also used 
for estimation of the grain boundary surface or real sur- 
face, which has a large value in the gettering process. 
The real surface Sreal was calculated according to [15]: 

FD2
wreal δSS  , 

where Sg—geometric surface area;  = 1/256 (256—im- 
age resolution); DF—fractal dimension. The computation 
exhibits real surface area of 155 m2/cm3. 

In addition the films have been characterized by sorp- 
tion capacity measurement using vacuum thermogravim- 

etric method [12]. The samples were activated by heating 
up to 400˚C at a rate 10˚C /min. After cooling to room 
temperature the chamber was filled by hydrogen, the 
pressure of which at 5 × 10−3 Pa was sustained. The time 
dependence graph of relative getter mass when exposed 
under hydrogen atmosphere is shown in Figure 4. As 
seen from the graph, the curve of hydrogen absorption is 
of complex pulsating type that could be interpreted ac- 
cording to [12] as a process of hydride formation in the 
near-surface region of the getter. 

4.2. Composite Structures 

The porosity and specific surface of the electrochemi- 
cally deposited structures have been used by BET me- 
thod. Adsorption isotherm of N2 at 77 K is shown in 
Figure 5, where р0—saturation pressure of nitrogen at 77 
K. 
 

 
Figure 4. The getter mass alternation during isothermal hy- 
drogen sorption (Т = 20˚C). 
 

 

Figure 5. Adsorption isotherm of N2 at 77 K. 
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The analysis of the adsorption isotherm of shows the 
importance of the specific surface of the porous layer 
0.32 m2/cm2, i.e. actual surface area of the film of 20 µm 
thick more than 3.000 times greater than the geometrical 
one, on conversion to a bulk value the specific surface 
area of the porous layer is about 167 m2/cm3. Examina- 
tion of the adsorption isotherm gives the film porosity of 
60% and average pore diameter of 66.8 nm. 

The morphology properties of original structure and 
generated composite were examined by scanning elec- 
tron and atomic-force microscopy on different levels of 
structural hierarchy (Figures 6 and 7). Quasi-periodical 
metal-silicon structure in Figure 7(a) is in line with the 
structure of original porous matrix (Figures 6(a) and (b)). 
Figure 7(b) demonstrates marked self-similar texture of 
“coral” type, i.e. there are pronounced fractal properties 
 

 
 

 

Figure 6. AFM images of the experimental structure of ori- 
ginal porous matrix in different scales. 

 

Figure 7. SEM image of the experimental composite struc- 
ture. 
 
of the deposited layer. As shown by higher resolution, 
“coral” aggregates consist, in turn, of low-dimensional 
clusters characterized by grain size of a few nanometers 
(Figure 7(c)), such a nature of nanoclusters rather defin- 
ed by the electrodeposition conditions than by the texture 
of original silicon matrix. 

Quantitative estimation of morphological features was 
made by SEM images processing with the use of fractal 
analysis tools. The following fractal dimension values of 
the structures in Figure 7 were calculated: (a) 2.621; (b) 
2.624; (c) 2.753. That demonstrates increasing in fractal 
dimension when images scale decreases, while the high 
value of the fractal dimension for all the scales remains. 

With the use of fractal analysis the real surface area of 
the composite structure has been calculated and com- 
pared with those obtained by BET method. Processing of 
SEM images in Figure 7 gave the real surface area of 
160 m2/cm3, which is in good agreement with the result 
of BET analysis is of 167 m2/cm3. 

The results obtained enable to describe the creation of 
the composite structure as interaction of the two struc-
ture-forming effects. The first is defined by the features 
of the original porous matrix and how the deposited 
metal replicates texture of the porous silicon. The second 
exhibits itself during electrode position; the degree of 
non-equilibrium of the process determines the probability 
of growth of dense or granular film. These effects are in 
a complicated interaction to each other and may be as 
codirectional and multidirectional depending on the stage 
of the deposition, metal deposition rate, substrate tem- 
perature, the pore size in the porous matrix etc. It can be 
assumed that probability of dense layer growth increases 
when deposition rate decreases. At initial growth stages, 
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when deposited layer is enough thin, the texture of the 
metal film will duplicate the porous silicon one, i.e. 
so-called isomorphic deposition takes place [9]. In this 
case the actual surface area of the metal layer approxi- 
mately corresponds to the surface area of original silicon 
matrix. Further deposition will plug the small pores and 
reduce the specific surface given by the porous silicon. In 
the limit case all the pores are filled by a metal phase and 
contribution of the silicon structure to open porosity is 
minimized. On the other hand, an effective surface of the 
deposited metal film may be more advanced than the 
surface of the silicon matrix; at a rising of substrate tem- 
perature and deposition rate the probability of the growth 
of granular layer with developed surface is increased. 

5. Summary 

The study shows that technology of using of porous sili- 
con for structuring of metal layers allows creating com- 
posite silicon-metal structures characterized by advanced 
surface similar to that of layers made by sputtering. The 
achieved results of specific surface are not ultimate. An 
improvement of observed technology may give in the 
issue that the composite structures, which are of effective 
surface area up to 1000 m2/cm3. This allows us to con-
sider the proposed solutions as a basis for creating getters 
of a new type as well as other materials demand ad-
vanced specific surface. 
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