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Abstract:  From  a  nano  electronic  circuit  designer’s  point of view the growth of ultrathin film in the ultra
high  vacuum  chamber  (UHVC)  would  imply  better  stainless steel structure. ZAF method and SEM
(scanning  Electron  Microscopy)  technique  are  used to realize surface nano crystallizafion on an stailness
steel sample. The as-welded condition of UHVC  is  also  studied  to  see  if  this  chamber  can  prevent  weld
"hot cracking". The aim is to find a way to synthesis a good and uniform content elements of stainless steel
. UHVC with iron-based alloys containing a minimum of 10 percent chromium (Cr) with 20 percent Ni , Mn and
Si can keep UHV conditions down to 10  - 10  Torr.15 18
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INTRODUCTION The present study is supplement by studying the

Along with experimental works that are being variation of AK steel type. As a result, this alloys with a
published  and corresponding vacuum chamber 0.03 percent maximum Carbon content can eliminate
designers, UHVC experts have started to gauge the Carbide  precipitation  due  to  welding  and used in the
performance of current stainless steel chamber for as-welded  condition,  even in severe corrosive
growing ultra pure and ultra thin film on a suitable conditions. It often eliminates unwanted bonds, pits and
substrate. Several experimental results  [1-6] have been annealing weldments except for applications specifying
reported in recent publications and  with  high  quality stress relief.
ultrasonic shot peening , fiber laser and electrochemical
scanning tunneling microscopy in  combination with the Experimental Procedure and Details:  The stainless steel
scanning tunneling spectroscopy to study local samples (3cm×1cm) were polished from one side to ensure
electrophysical properties, surface nanocrystallization, a smooth surface . We rinsed them with ethanol and put
intergranular corrosion that determine UHVC corrosion them in an ultrasonic bath for one hour. The cleaned
and as-welded behavior. samples may be oxidized with oxygen molecules in the

When growing ultra thin film without any impurity media or make bonds with carbon atoms, we cleaned them
and dirty [7-20], we faced complications associated with one more by passing current through the samples several
recording  ZAF  (Z:  atomic  number,  A: absorbtion and times. Otherwise, the existence of ultra thin or thin layer of
F: follurence ) spectra that consisted of the poor stability oxide layer on the sample surface, can change the quality
of potential stabilizing and the appearance of several of the film grown inside the UHVC.
unwanted pits. Such complications were observed when For Cleaning the sample and getting ultra high
the pressure inside the vacuum chamber exceeded due to Vacuum, we baked the chamber before the experiments in
bad outgassing and stainless steel structure, i.e the which after baking the background pressure can be down
measurements were reasonable to carry out in a range to 10  Torr.
pressures below 10  Torr (e.g. UHVC in synchrotron Earlier, measurements with a residual gas mass14

radiation, scanning tunnelling microscopy and X-ray spectrometer in the line of the beam, has shown that a
photoemission spectroscopy techniques). very  low  proportion  (about  5  percent)   of   oxygen  and

surface nanocrystallization properties of extra low-Carbon
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(a) Magnification ; 1000 times (b) Magnification; 8000

(c) Magnification; 10000 (d) magnification; 10000
Fig. 1: The secondary (a, b, d) and backscattered (c) electron images. Voltage is 24 KV

Fig. 2: The element intensity of stainless steel with Fig. 3: The element intensity of stainless steel with
ZAF method ZAF method

carbon is produced with this setup. Typical pressures in The   secondary   and   backscattered   electron
the chamber during experiments into the Vacuum chamber images were measured with a 24 voltage and 20000
were around 5 ×10  Torr. Indeed, nanotechnology and magnifications. Figure (1) shows the structure of stainless7

modern society demand better and more sophisticated steel. There are some interstices. It causes leakage current
materials for engineering as well as nano opto-electronic and Carbon penetration through UHVC. On the other
applications. In these area the dominate research topics hand, one of the main points of the chamber design is that
are color marking on stainless steel, corrosion resistance of sample bonding. The unwanted bonds between Fe-C,
and annealing weldments. Cr-C, Ni-C, Mn -C and Si -C minimize Fe, Cr, Ni, Mn and Si
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precipititation. This problem affects on the mechanical
properties of stainless steel and increases the pressure
inside the vacuum chamber.

In  order to explore the structure-property
relationship in nanocrystalline materials and to make use
of nanocrystallization to improve the properties and
behavior of UHVC engineering materials, we use ZAF
method. As shown in Fig. (2) and (3), we could fined the
percentage of Fe, Cr, Ni, Mn and Si in the stainless steel
material. However, difficulties still exist in forming ideal Fig. 4: Division from K - ratio due to absorption and
stainless steel (i.e., free of porosity, contamination, Florence
interstices, etc). That are obstacles for growing pure ultra
thin film and getting the desirable pressure inside UHVC. carbon content ) show the better background and the

DISCUSSION (see the Table). 

Most of conventional vacuum chamber and alloy as an example in Fig.4. It shows the concentration of
preparation chamber even with two departments might Fe and Ni respect to their standard values. We expect this
still be potentially used for growing thin film, whilst the ratio called K-ratio is not constant, but depends on atomic
growth of ultra thin film down to 1-2 nano meter as used number (Z), Florence (F) and absorption (A).
for the future  of  nano  opto  and  nano electronic
devices, need  to  reduction  of leakage current and
carbon (Oxygen and Hydrogen) penetration through the
UHVC.

For this purpose, we have to study the background By Considering
of EDX spectra with using ZAF method. Actually, the
majority of failures of UHVC engineering materials are
very sensitive to the hugh peaks of Fe and Cr in the
structure and existence of the other transition peaks due
to K  and K  and so on beside K  transition. Where,   is  the ratio of element intensity and

There fore optimization of the surface and bulk
stainless steel structure and properties may effectively stainless steel intensity in an standard and pure material.
reduce the leakage current through the UHVC. With a (mean free pass) is about 5A° and x is the diffusion length
higher   chromium  and  lower carbon  content   shown  in and  give   us  percentage  of  element  into  the  sample.
Fig.3 (compare to Fig. 2 with lower chromium  and higher I   and  I   are  the  area  below  the  stainless  steel  and

ratio   of  element   intensity   and   standard   intensity

Deformation evidences can be observed in Fe-Ni

unel ss

Table 1: The element value in the sample
EDAX ZAF Quantification (Stabndardless)
Elesent Noraalized
SEC Table: Default
Elesent Wt At K-Ratio Z A F
Crk 17.20 18.30 0.1985 0.9972 0.9898 1.1695
Mok 2.16 2.18 0.0213 0.9800 0.9962 1.0074
Fck 72.74 72.07 0.7125 0.9993 0.9708 1.0097
Nik 7.90 7.45 0.0718 1.0167 0.8931 1.0000
Total 100.00 100.00
Elesent Net Inte. Bkgd Inte. Inte. Error P/B
Crk 255.93 14.67 0.96 17.44
Mok 23.73 13.60 3.86 1.75
Fck 682.13 11.64 0.58 58.60
Nik 48.99 8.81 2.33 5.56
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element's peaks, respectively. From [21-24], this sample 7. Bahari, A., 2008. The Effect of the Fractal clusters on
contain a minimum of 10 percent chromium with other the  Si  (111)  -  7×7   Surface,  World Applied Sci. J.,
alloying elements. It implies a resistance to staining, 4: 261-265.
rusting and pitting in the UHV environment. These 8. Morgen, P., A. Bahari and K. Pederson, 2006.
structures are technically known as "heat and corrosion Functional properties of Nanostructured Material,
resisting steels". That means they have in general a Springer, 223: 229-257.
higher resistance to corrosion in some definite 9. Bahari,  A., U. Robenhagen and P. Morgen, 2005.
environment, as well have a higher resistance to scaling Grown of Ultra thin Slicon Nitride on Si (111) at low
as shown in the table due to high Iron and chromium. As temperatures, Physical Review B., 72: 205323-9.
a result, this structure can be used in the as-welded 10. Morgen, P., A. Bahari, M.G. Rao and Z.S. Li, 2005.
condition, even in severe corrosive conditions. Roads to Ultra thin Silicon Oxide, J. Vacuum and

CONCLUSION 11. Bahari, A., P. Morgen, Z.S. Li and K. Pederson, 2006.

The stainless steel contain 10-15 percent chromium Dielectric on Si(100), J. Vacuum Sci. and Technol. B.,
along with lower carbon in specific percentage no or very 24: 2119-23.
little nickel, making it hard enable by carbon and oxygen 12. Bahari,   A.,   P.   Morgen   and   Z.S.   Li,  2006.
diffusing. It provides good corrosion resistance and good Valence Bend Studies of the Formation Ultra thin
formability for the future of nano- opto -technology. Pure  Silicon Nitride Films on Si(100), Surface Sci.,
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