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Abstract
The theoretical study of Sputtering for gold atoms irradiated by normal incidence of Ar ,
Kr and Xe ions depend on energy and atomic number (Z1) of ions and atomic number (Z2)
of the target , the essential dependence of sputtering is the nuclear stopping power .
The Sputtering yield of Au atoms irradiated by Xe ions are larger than that of other
bombarding ions. It was found that the sputtering yield of Au atoms increased
up to 300 keV for Kr ions and 400 keV for Xe ions , after that , the sputtering yield is
decreased , on the other hand , sputtering of Au atoms decreased for 100-1000 keV of Ar ions
, this results depend on deposited nuclear energy ( nuclear stopping power ), which in turn
depends on the masses of bombarding the ions and the target . It was also found that
sputtering yield is directly proportional to the ratio (Z1/Z2) at constat incident ions energy
for the same target.
This study is the tool to indicate what are the energy and kind of irradiated ions used for
getting the required sputtering yield of gold atoms to apply for different technological uses .
Keywords: sputtering, sputtering yield , ion irradiation, stopping of ions in matter, nuclear
stopping power.
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دراﺳﺔ اﻟﺘﺮذذ اﻟﺤﺎﺻﻞ ﻟﺬرات اﻟﺬھﺐ ﻋﻨﺪ ﺗﺸﻌﯿﻌﮭﺎ ﺑﺎﯾﻮﻧﺎت اﻻرﻛﻮن واﻟﻜﺮﺑﺘﻮن واﻟﺰﯾﻨﻮن
اﻟﻤﻠﺨﺺ
ﯾﻌﺘﻤﺪ اﻟﺘﺮذذ اﻟﺤﺎﺻﻞ ﻓﻲ ذرات اﻟﺬھﺐ اﻟﻤﺸﻌﻌﺔ ﺑﺎﯾﻮﻧﺎت اﻻرﻛﻮن واﻟﻜﺮﺑﺘﻮن واﻟﺰﯾﻨﻮن ﺑﻄﺎﻗﺎت  1000-100ﻛﯿﻠﻮاﻟﻜﺘﺮون
ﻓﻮﻟﺖ ﻋﻠﻰ اﻟﻄﺎﻗﺔ واﻟﻌﺪد اﻟﺬري ﻟﻼﯾﻮﻧﺎت وﻛﺬﻟﻚ اﻟﻌﺪد اﻟﺬري ﻟﻠﮭﺪف  ،وﯾﻌﺘﻤﺪ ﺑﺸﻜﻞ اﺳﺎﺳﻲ ﻋﻠﻰ ﻗﺪرة اﻻﯾﻘﺎف اﻟﻨﻮوﯾﺔ.
ان ﻋﺪد ذرات اﻟﺬھﺐ اﻟﻤﺘﺮذذة ﻋﻨﺪ ﺗﺸﻌﯿﻌﮭﺎ ﺑﺎﯾﻮﻧﺎت اﻟﺰﯾﻨﻮن ﯾﻜﻮن اﻛﺒﺮ ﻣﻦ ﻋﺪد ذرات اﻟﺬھﺐ اﻟﻤﺸﻌﻌﺔ ﺑﺎﯾﻮﻧﺎت اﻻرﻛﻮن
واﻟﻜﺮﺑﺘﻮن.
ﻋﺪد ذرات اﻟﺬھﺐ اﻟﻤﺘﺮذذة واﻟﻤﺸﻌﻌﺔ ﺑﺎﯾﻮﻧﺎت اﻟﻜﺮﺑﺘﻮن واﻟﺰﯾﻨﻮن ﺗﺰداد ﻟﺤﺪاﻟﻄﺎﻗﺔ  300ﻛﯿﻠﻮاﻟﻜﺘﺮون ﻓﻮﻟﺖ ﻻﯾﻮﻧﺎت
اﻟﻜﺮﺑﺘﻮن وﻟﺤﺪ اﻟﻄﺎﻗﺔ  400ﻛﯿﻠﻮاﻟﻜﺘﺮون ﻓﻮﻟﺖ ﻻﯾﻮﻧﺎت اﻟﺰﯾﻨﻮن ،وﺑﻌﺪھﺎ ﺗﻘﻞ ﻟﻠﻄﺎﻗﺎت اﻻﻋﻠﻰ  ،وﻣﻦ ﺟﮭﺔ اﺧﺮى ﻓﺎن ﻋﺪد
ذرات اﻟﺬھﺐ اﻟﻤﺘﺮذذة واﻟﻤﺸﻌﻌﺔ ﺑﺎﯾﻮﻧﺎت اﻻرﻛﻮن ﺗﻘﻞ ﻋﻨﺪ اﻟﻄﺎﻗﺎت  1000-100ﻛﯿﻠﻮاﻟﻜﺘﺮون ﻓﻮﻟﺖ  ،وﺗﻌﺘﻤﺪ ھﺬه اﻟﻨﺘﺎﺋﺞ
ﻋﻠﻰ ﻗﺪرة اﻻﯾﻘﺎف اﻟﻨﻮوﯾﺔ واﻟﺘﻲ ﺗﻌﺘﻤﺪ ﺑﺪورھﺎ ﻋﻠﻰ اﻟﻜﺘﻞ اﻟﺬرﯾﺔ وطﺎﻗﺎت اﻻﯾﻮﻧﺎت اﻟﺴﺎﻗﻄﺔ .وﻗﺪ وﺟﺪ اﯾﻀﺎ ان ﻧﺎﺗﺞ اﻟﺘﺮذذ
ﯾﻌﺘﻤﺪ ﻋﻠﻰ اﻟﻨﺴﺒﺔ ﺑﯿﻦ اﻟﻌﺪد اﻟﺬري ﻟﻼﯾﻮﻧﺎت اﻟﺴﺎﻗﻄﺔ واﻟﻌﺪد اﻟﺬري ﻟﻠﮭﺪف ﻋﻨﺪﺛﺒﻮت طﺎﻗﺔ اﻻﯾﻮﻧﺎت اﻟﺴﺎﻗﻄﺔوﻟﻨﻔﺲ ﻣﺎدة
اﻟﮭﺪف.
ﺗﻌﺘﺒﺮ ھﺬه اﻟﺪراﺳﺔ اداة ﻟﻜﯿﻔﯿﺔ اﺳﺘﺨﺪام طﺎﻗﺔ وﻧﻮع اﻻﯾﻮﻧﺎت اﻟﻤﺴﺘﺨﺪﻣﺔ ﻟﻠﺤﺼﻮل ﻋﻠﻰ اﻟﺘﺮذذ اﻟﻤﻄﻠﻮب ﻣﻦ ذرات اﻟﺬھﺐ
ﻟﺘﻄﺒﯿﮭﺎ ﻓﻲ اﻟﺘﻘﻨﯿﺎت اﻟﻤﺨﺘﻠﻔﺔ .

Introduction
Sputtering is a process whereby atoms are ejected from a solid target material due to
bombardment of the target by energetic particles[1]. It is happens when the kinetic energy of
the incoming particles is much higher than conventional thermal energies (>> 1 eV). This
process can lead, during prolonged ion or plasma bombardment of a material, to significant
erosion of materials, and can thus be harmful. On the other hand, it is commonly utilized for
thin-film deposition, etching , ion beam mixing , ion implantation and surface modification .
Physical sputtering is driven by momentum exchange between the ions and atoms in the
materials, due to collisions[2].
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The incident ions set off collision cascades in the target. When such cascades recoil and
reach the target surface with an energy greater than the surface binding energy, an atom
would be ejected, known as sputtering. If the target is thin on an atomic scale the collision
cascade can reach the back side of the target and atoms can escape the surface binding energy
. The average number of atoms ejected from the target per incident ion is called the sputtering
yield and depends on the ion incident angle, the energy of the ion, the masses of the ion and
target atoms, and the surface binding energy of atoms in the target[3,4] .
Stopping power
The stopping power depends on the type and energy of the particle and on the properties of
the material it passes. Since the production of an ion pair (usually a positive ion and a
(negative electron) requires a fixed amount of energy , the density of ionisation along the
path is proportional to the stopping power .
'Stopping power' is treated as a property of the material, while 'energy loss per unit path
length' describes what happens to the particle. However, numerical value and units are
identical for both quantities; they are usually written with a minus sign in front:

where E means energy, and x is the path length.
The equation above defines the linear stopping power which may be expressed in units of
eV/Ao .
The deposited energy can be obtained by integrating the stopping power over the entire path
length of the ion while it moves in the material [5].
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Anderson Model[6,7,8]
Sputtering process involves a complex series of collisions involving series of angular
deflections and energy

transfers between many atoms in solid.

The

most important

parameter in the process is the energy deposited at the surface as shown in the following
equation:
Y = Λ FD (Eo)

----------------(1)

Λ is the material factor which represents by [4] :
Λ = 4.2 /N U0

nm/eV -----------(2)

N is the atomic density (atom/nm3) and U0 is the surface binding energy (eV/atom) .
FD (Eo) is deposited energy per unit length into nuclear processes at the surface , and depend
on the type ,energy and direction of incident ion with atomic number (Z1) and the target
composition ( atomic number Z2 , mass number M2 , and atomic density(N) [6] .
FD (Eo) = α NSn(E0) -----------(3)
( α ) is constant and depend on (M2/M1)[3], Sn(E0) is the nuclear stopping power which may
represent by :
NSn(E0) = dE/dx│n --------(4)
dE/dx│n is nuclear energy loss (stopping power ).
Substituting equations (2---4) into equation (1) ,we get :
Y = 4.2 α dE/dx│n /N U0 --------(5)
Equation (5) represents sputtering yield in units of (atom/ion) .

Results and Discussion
The stopping power of Ar ions ,Kr ions and Xe ions in gold (Au) are calculated by TRIM
computer code[5], as shown in fig (1) , fig(2) and fig(3) , respectively . These figures show
that the nuclear stopping power dominated till 300 keV of Ar ions ,after that electronic
stopping power is dominated since Z1 / Z2 < 0.5(Ar-Au) ,but the nuclear stopping power is
dominated for Z1 / Z2 ≥ 0.5(Kr-Au,Xe-Au).
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The sputtering Yeild of Au atoms irradiated by Ar,Kr and Xe ions are calculated by using
equation (5) , as shown in figure (4), the sputtering yield of Au atoms iirradiated by Xe ions
is larger than that of other irradiated ions , this is due to stopping power as discussed above.
In conclusion, the present results conclusively show that the sputtering yield is affected by
the mass of the projectile ions and target and nuclear stopping power .
It was found that the sputtering yield of Au atoms increased for energies, up to 300 keV
for Kr ions and 400 keV for Xe ions , after that , the sputtering yield is decreased, on the
other hand, the sputtering of Au atoms decreased for energies 100 – 1000 keV of Ar ions .
The sputtering yield of Au atoms at ions energy 500 keV, have been found to be as high as
32.2 atoms/ions for Xe ions which is comparable with that of 18.74 atom/ion for Kr ions,
and 9.95 atom/ion for Ar ions .
This study is the tool to indicate what are the energy and kind of irradiated ions used for
getting the required sputtering yield of gold atoms to apply for different technological
uses.
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Fig(1):stopping Power versus Ar ions energy
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Fig(2):stopping Power versus Kr ions energy
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Fig(3):stopping Power versus Xe ions energy
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Fig(4):sputtering yeild versus ions energy
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Fig(5):sputtering yeild versus Z1 of ions
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