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Bi has shown major physical phenomena in the past like de Haas-van 

Alphen effect [1], quantum size, confinement effect [2], quantum linear 

magnetoresistance [3], peculiar superconductivity [4], and possibly 

fractional, quantum Hall effect [5] 

We started with our established model of sputtering and deposited atomic 

layers of Bi as a function of deposition time and current density. The input 

parameters were molar weight of Bi (209 g/mol), its atomic radius (1.67 Å) 

and density (9.8 g /cm3) [7, 8]. The results showed a linear variation of 

atomic layers with deposition time and a higher rate of deposition with 

increase in current density as  shown in Fig 1(a) with the highest and 

lowest slope plots for j = 25 and 1 mA / cm2 .  

The computational model gave us 250 (25 ×10) values of atomic layers for 

10 values of deposition time ( t = 1to 10s) and 25 values of  current density 

( j = 1 to 25 mA / cm2) the distribution of which is shown in Fig 1(b). The 

plot can be seen to be a combination of 25 similar shaped plots each 

corresponding to a particular current density value. The plots were found 

to be steeper for higher current density values suggesting higher rates of 

deposition as also found previously. The number of atomic layers 

multiplied by the atomic diameter gives us the film thickness. The 

thickness varied from few nm to 500 nm (Fig 2).  
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Fig 1: Bi atomic layers deposited as a function of deposition time and 

current density 

 

Deoli et. Al have shown the ion fluence dependence of the total sputtering 

yield and differential angular sputtering yield of Bi. An attempt was made 

to computationally mock the sputtering process and deposit Bismuth films 

and study the effect of polar angle and ion fluence. Experimentally it has 
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been shown that the differential and total sputtering yield for Bi by 

normally incident 50 keV Ar+ ions increases with increasing ion fluence 

for the measured fluence range [6].  We tried to match the experimental 

results and moved a step further showing the variation of Atomic Layer 

deposition with polar angle.  
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Fig 2: Deposition rate at two different current densities 

In our model we then used the differential sputtering yield instead of the 

sputtering yield and observed specific polar angles giving higher 

deposition rate (Fig 3).  The angles were 0 degree and 60 degree. 

Sputtering peaks around 60 degree which is an established fact, however 

the angle 0 degree can be considered as error as there is possibility of the 

freed atoms to be knocked deeper in to the material. 

Bi thin films deposited by MBE showed variation in electrical conductance 

with thickness and temperature. A unique feature of showing insulating 

properties in the bulk whereas conducting properties called Topological 

insulators (TI)  are  helpful for spintronic devices. [9]. Bi thin films are 

interesting examples where a topologically trivial system becomes non-

trivial solely due to the reduction of thickness [10]. The topological states 

have been also investigated using first principle calculations [11]. 
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Fig 3 : Atomic layers of Bi at different polar angle  

 

 

Bismuth Selenide (Bi2Se3) and Bismuth Telluride (Bi2Te3) are very 

promising Tis which have sown oscillatory magnetoresistance due 

to Shubnikov-de Haas Effect [12]. Combining TIs and 

superconductors give Marjorana Fermions which possess both 

particle and antiparticle properties. They have application in 

Quantum Computing [13] 
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MATLAB Codes 
 

 

 

%ATOMIC LAYERS //Bi 
for S=0.1:0.1:2.0; 

E=50e3; 

M=209; 

r=9.8; 

NA=6.02e26; 

e=1.6e-19; 

rBi=1.67e-10; 

for jp=1:25; 

zt = M/(r*NA*e)*S*jp; 

zt=zt/100; 

t=1:10; 

AL(t,jp)=t*zt(:)/(2*rBi); 

x=0.3; 

k=1.4e-23; 

T=300; 

L=k*T; 

ALd=AL*exp(-x\L); 

end 

end 

 
 

 
% \\ Using differential sputtering yield (dS) instead of S 

W =[ -90   -60   -30     0    30    60    90]; 

E=50e3; 

M=209; 

r=9.8; 

NA=6.02e26; 

e=1.6e-19; 

rBi=1.67e-10; 

for i=1:7; 

for jp=10:50; 

zt = M/(r*NA*e)*cos(W(i))^2*jp; 

zt=zt/100; 

t=1:10; 

AL(i,t,jp)=t*zt(:)/(2*rBi); 

x=0.3; 

k=1.4e-23; 

T=300; 

L=k*T; 

ALd=AL*exp(-x\L); 

end 

end 

 


