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Vietnam
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Zambia
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    CUSTOMER SUCCESS STORY



New Excimer Process Rapidly Creates Super Hard DLC Films at Low Temperatures







    





    
        

            


            
                
                    



    
    

    The Challenge

Diamond-like (DLC) carbon is widely used to form highly wear-resistant coatings. But current DLC coating methods suffer from various drawbacks. For example, tetrahedral amorphous carbon (ta-C) is a desirable hydrogen-free DLC material known for both its extreme hardness (>40 GPa) and low friction. But typical production methods create films with high internal stress, degrading their performance. Hagen Grüttner and colleagues at company Antacon, a spin-off from the University of Applied Sciences Mittweida set out to develop a new process that can create low-stress films and that is suitable for industrial production. Their method is based on pulsed laser deposition (PLD) using the uniquely high pulse energy of Coherent 248 nm excimer lasers.

The Solution

The key to developing a successful low-temperature production method was to combine two excimer-based processes: pulsed laser deposition (PLD) and annealing. Grüttner explains, “Excimer-based PLD is a well-known industrial process for producing functional films such as high-temperature superconducting films. Plus it can be used with low-temperature substrates. However, when the PLD process (or any other process) is used for ta-C, the coating layers often contain huge amounts (e.g., 12 GPa) of residual stress, which greatly compromises their mechanical strength.”

Grüttner and colleagues have solved this problem and created thick (microns) ta-C coatings with as little as 0.1 GPa of residual stress by using two Coherent LEAP excimer lasers. The first excimer is focused on to the graphite target within the vacuum PLD production chamber which is heated to only 90°C. The high fluence and deep UV photons create carbon ions with the high kinetic energy needed to produce dense ta-C layers on the substrate. This is used to build up a ta-C layer up to 100 nm in thickness over the substrate. The thin layer is then irradiated by a pulse from the second excimer covering an area of a few mm2. This anneals the entire 100 nm new layer of ta-C and relieves the residual sress. (Larger area coatings are annealed by stepping the beam location while pulsing.) The PLD process is then repeated to produce another 100 nm of ta-C. Importantly, by adjusting the laser parameters, the team are able to vary the resulting film hardness, Young’s modulus, and the amount of intrinsic stress relief. They have used this aspect to produce graduated layers on materials like steel ensuring both excellent adhesion and a very hard top layer.

The Result

Using optimal deposition parameters, the Mittweida team have achieved a hardness of up to 70 GPa with Young’s moduli of 700 to 800 GPa which leads to an extremely high operational wear resistance. And thanks to the low mean surface roughness (Ra) of <100 nm and the low friction coefficient (≤ 0.1) these layers are also very suitable for tribological applications. The researchers are now looking to commercialize the process. Grüttner summarizes the benefits of the excimer lasers, “The high pulse energy of the LEAP excimer enables large area annealing. We have used the high (150 Hz) repetition rate to support fast ta-C deposition and are planning to up-scale to 300 Hz. The stable output and smooth beam profile give us precise control over both the deposition and annealing processes.” 

View More Success Stories







    



    




                    



    
    


    
        

            
                
                    



    
    

    “The high pulse energy of LEAP enables fast deposition and annealing. The stable output and flat top beam profile give us precise control over both the deposition and annealing processes."

— Hagen Grüttner, Antacon GmbH, Mittweida, Germany
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United States
Canada
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Brazil
British Indian Ocean Territory
British Virgin Islands
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Cape Verde
Cayman Islands
Central African Republic
Chad
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo (Brazzaville)
Congo, (Kinshasa)
Cook Islands
Costa Rica
Croatia
Cuba
Curaçao
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Czech Republic
Côte d'Ivoire
Democratic Republic of the Congo
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
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El Salvador
Equatorial Guinea
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Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
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French Guiana
French Polynesia
French Southern Territories
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Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hong Kong, SAR China
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Isle of Man
Israel
Italy
Ivory Coast
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Kosovo
Kuwait
Kyrgyzstan
Lao PDR
Latvia
Lebanon
Lesotho
Liberia
Libya
Liechtenstein
Lithuania
Luxembourg
Macao, SAR China
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
North Korea
North Macedonia
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestine
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Romania
Russian
Rwanda
Réunion
Saint-Barthélemy
Saint Helena
Saint Kitts and Nevis
Saint Lucia
Saint-Martin
Saint Pierre and Miquelon
Saint Vincent and Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Korea
South Sudan
Spain
Sri Lanka
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syria
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Turks and Caicos Islands
Tuvalu
U.S. Virgin Islands
Uganda
Ukraine
United Arab Emirates
United Kingdom
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela (Bolivarian Republic)
Vietnam
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe

          
                    

                                    
                    
                        State
AL
AK
AZ
AR
CA
CO
CT
DE
DC
FL
GA
HI
ID
IL
IN
IA
KS
KY
LA
ME
MD
MA
MI
MN
MS
MO
MT
NE
NV
NH
NJ
NM
NY
NC
ND
OH
OK
OR
PA
RI
SC
SD
TN
TX
UT
VT
VA
WA
WV
WI
WY


                   

               
               
                   
                       
                   

        
                   
                       Opt In
                        YES! I want Coherent news and promotions emailed to me.
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      If you need technical support or service, please visit Support.


    

    

    
  








    
    
    



    
    



    
    
        



    
    

    
        
            
                
                Privacy Policy 
            
        

        

    
    
        



    
    

    By providing your information and clicking ‘Subscribe’, you opt-in to receiving periodic email marketing communications from Coherent Corp. and understand that your personal data will be processed in accordance with our Privacy Policy and that our Terms apply. You may opt-out of marketing emails sent by us at any time by clicking the unsubscribe link in any marketing email you receive.





    



    



    


    




    


    





    



    


    



    



    









    




                
            


            

            

            

        

    





    









    



    


    




                

          

        

    






    



    


    



    


        
    




    
    
    

    
    





    
    





















    







    

    


        


    
    

    


