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Some data about PUCP

• Private University founded at 24 march 1917 by the catholic
priest Father Jorge Dintilhac

• At the moment the university has 29 899 students in 65
undergraduate and 170 postgraduate programs

• The university has 2435 professors (part-time and fulltime)
564 of which have a PhD

• There are 19 research centers and institutes as well as 61
laboratories

• At the moment the university has 34 government funded
projects as well as 69 internally funded projects
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International Cooperations
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• 8 Scientists

• approx. 25 students (undergraduate, master and PhD)
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Photovoltaics

• Enhanced efficiency

• Solar panels in Peru

• Perovskites

Light emitters

• Activation of rare earths

• Electroluminescent devices

Applications

• Photo-electrochemistry

• Bio-compatibility

• Tribology

Corrosion and 
protection

• Paints

• Metallic protective 

Coatings

• Corrosion analyses

Environmental 
control

• Catalysts

• Absorbers

• Local resources

Nano-materials

• 2D materials

• Thin films

http://www.google.com.pe/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiSuPy53I3TAhXGJiYKHbMbC-4QjRwIBw&url=http://antekel.blogspot.com/2015/04/workings-and-functions-of-led-light.html&psig=AFQjCNGzCalu57N5oSWQpDS4X-B0O7dxfw&ust=1491495630629813
https://www.google.com.pe/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwit39vX3o3TAhWI8CYKHUbjB-kQjRwIBw&url=https://sites.google.com/site/hanlihao/research/photoelectrochemistry&bvm=bv.151426398,d.eWE&psig=AFQjCNEpSb7WTU72LWYErasos8-HMe2F7Q&ust=1491496164618780
http://www.google.com.pe/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiqm6383I3TAhVM2SYKHQDkCQwQjRwIBw&url=http://www.dentist-charlotte-north-carolina-nc.com/biocompatible-dentist-charlotte-north-carolina-nc.html&bvm=bv.151426398,d.eWE&psig=AFQjCNGsP442ewzX3BpJMfClHNV0-ybUlA&ust=1491495770859919


Outline

1. Motivation.

2. Thin Films

3. Plasma

4. Magnetron Sputtering

5. First Results by Comsol
Multiphysics
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1. Motivation 
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13.56 MHz
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1. Motivation 

Sputtering System – PUCP (Peru)

Thin films deposition methods
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Good machinability

Good electrical and 

termal conductivity, 

resistant to termal 

shock, 

plastic at high

temperature.

refractory

oxidation resistant,

quite stiff,

relatively light,

low termal expansion

High electronic conductivity

Hydrophilicity

Chemical stability

Metallic and semiconducting

behaviour

Metals

Ceramics

𝑴𝒏+𝟏𝑨 𝑿𝒏 𝑴𝒏+𝟏 𝑿𝒏

Naguib, M. et al., Adv. Mater. 2014, 

26, 992-1005.

Magnuson, D. and Mattesini, M. Thin

Solid Films 2017, 621, 108-130.

Crystal structure

𝑀2𝐴𝑋 𝑀3𝐴𝑋2 𝑀4𝐴𝑋3
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2. Mn+1AXn and MXenes Thin films

(3D)
(2D)
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Hot Cold  

27/09/2019 Laboratory for Materials Science –Physics Section

“Within the plasma the quasi-neutrality condition is met”.
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3. Plasma

T >100 eV T <1-10 eV
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4. Magnetron sputtering 
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Finite Element Simulation 



5. Comsol Multiphysics: Magnetic Field up to 1.5 T
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Magnetic Escalar Potential (A) 
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5. Comsol Multiphysics: Electric Field  
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5. Comsol Multiphysics: Charged Particle Tracing



Conclusions

• Simulation can be performed in
Comsol off our magnetron
sputtering

• The next step focuses on the
interactions of the particles

• Get results of What is the
influence of plasma on thin films
of Max phases by RF magnetron
sputtering
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𝑴𝒏+𝟏𝑨 𝑿𝒏

𝑴𝒏+𝟏 𝑿𝒏
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Poincaré Maps 
of Particle 

Trayectories



Cut Planes
Cut Plane 1:

(x,y,z) = (0,0, 0.2765)m

Normal = (0,0,1)

Cut Plane 2:

(x,y,z) = (0,0, 0.282)m

Normal = (0,0,1)



Cut Plane 3:

(x,y,z) = (0,0, 0.295)m

Normal = (0,0,1)



Case 1

• DC power

• No collisions



Case 2

• DC power

• Elastic and Excitation 
collisions with argon 
background gas



Case 3

• RF power

• Elastic and Excitation 
collisions with argon 
background gas



Case 4

• DC power

• Elastic, Excitation and 
Ionization collisions with 
argon background gas



Case 5

• RF power

• Elastic, Excitation and 
Ionization collisions with 
argon background gas


