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                    Abstract
The effect of mobile phones on human health is becoming a serious concern in the last decade. This paper suggests a novel water-based cellular phone antenna for reducing the electromagnetic wave radiation toward human head. Two antennas are considered: a single band PIFA operating at 1.8 GHz, and a dual band PIFA operating at 900 MHz and 1.8 GHz. The specific absorption rate (SAR) is decreased up to 0.6 W/kg by limiting the propagation of near electromagnetic fields toward the human head and therefore reducing the current density distribution. The reduction of SAR is carried out by introducing an U-edge wall made of an absorbing water material at each corner of the ground plane.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]


Fig. 8[image: ]


Fig. 9[image: ]


Fig. 10[image: ]


Fig. 11[image: ]


Fig. 12[image: ]


Fig. 13[image: ]


Fig. 14[image: ]


Fig. 15[image: ]


Fig. 16[image: ]


Fig. 17[image: ]


Fig. 18[image: ]


Fig. 19[image: ]


Fig. 20[image: ]


Fig. 21[image: ]


Fig. 22[image: ]


Fig. 23[image: ]


Fig. 24[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Impact of Phone and Hand Position on SAR Distribution Using Liquid-Based PIFA Antenna
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2020
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Design of Dual Band 5G Antenna Array with SAR Analysis for Future Mobile Handsets
                                        
                                    

                                    
                                        Article
                                        
                                         15 January 2019
                                    

                                

                                Jalal Khan, Daniyal Ali Sehrai & Usman Ali

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A Study on the Electromagnetic Radiation in Human Head Tissues on 5G Mobile Exposure
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2022
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	
                           https://www.ericsson.com/en/mobility-report.

	Lavanya, A. B. (2014). Effects of electromagnetic radiation on biological systems: A short review of case studies. In 8th international conference on electromagnetic interference and compatibility (IEEE Cat. No. 03TH8706).

	Sienkiewicz, Z. J. (1997). Biological effects of electromagnetic fields and radiation. In IEEE colloquium on electromagnetic hazards, safety and human interaction (Digest No. 1997/056).

	Faruque, M. R. I., & Islam, M. T. (2013). Novel triangular metamaterial design for electromagnetic absorption reduction in human head. Progress in Electromagnetics Research, 141, 463–478.
Article 
    
                    Google Scholar 
                

	Mary, T. A. J., & Ravichandran, C. S. (2012). SAR reduction in slotted PIFA for mobile handsets using RF shield. ARPN Journal of Engineering and Applied Sciences, 7(11), 1501–1505.

                    Google Scholar 
                

	Sultan, K. S., Abdullah, H. H., Abdallah, E. A., & Hashish, E. A. (2013). Low SAR, compact and multiband antenna. In PIERS proceedings. Taipei.

	Faruque, M. R. I., Islam, M. T., & Ali, M. A. M. (2013). A new design of metamaterials for SAR reduction. Measurement Science Review, 13(2), 70–74.
Article 
    
                    Google Scholar 
                

	Kusuma, A. H., Sheta, A. F., Elshafiey, I., Alkanhal, M., Aldosari, S., Siddiqui, Z., & Alshebeili, S. A. (2010). A novel low SAR PIFA for mobile terminal. In 2010 IEEE 21st international symposium on personal indoor and mobile radio communications (pp. 1–5).

	Xing, L., Huang, Y., Shen, Y., Alja’afreh, S., Xu, Q., & Alrawashdeh, R. (2015). Further investigation on water antennas. IET Microwaves, Antennas & Propagation, 9(8), 735–741.

                    Google Scholar 
                

	Balanis, C. A. (2005). Antenna theory: Analysis and design (3rd ed.). New York: Wiley.

                    Google Scholar 
                

	Hirasawa, K., & Haneishi, M. (1992). Analysis, design, and measurement of small and low-profile antennas. Boston: Artech House.

                    Google Scholar 
                

	Raad, H. (2017). SAR reduction for PIFA antennas used in mobile phones. In Advances in antenna engineering and wireless systems research (pp. 57–77). CreateSpace Independent Publishing Platform.

	Xing, L. (2015). Investigations of water-based liquid antennas for wireless communications. The University of Liverpool Repository: https://livrepository.liverpool.ac.uk/2037241/.

	Chou, H.-H., Hsu, H.-T., Chou, H.-T., Liu, K.-H., & Kuo, F.-Y. (2009). Reduction of peak SAR in human head for handset applications with resistive sheets (R-CARDS). Progress in Electromagnetics Research, PIER, 94, 281–296.
Article 
    
                    Google Scholar 
                

	Chen, H. F., Lin, M.-Y., & Lin, K.-H. (2008). A V-shape edge-groove design for a finite ground plane to reduce pattern ripples of a monopole. IEEE Antennas and Wireless Propagation Letters, 7, 561–564.
Article 
    
                    Google Scholar 
                

	Faruque, M. R. I., Islam, M. T., & Misran, N. (2010). SAR analysis in human head tissues for different types of antennas. World Applied Sciences Journal, 11, 1089–1096.

                    Google Scholar 
                

	Abdulrazzaq, S. A., & Aziz, J. S. (2013). SAR simulation in human head exposed to RF signals and safety precautions. International Journal of Science, Engineering and Computer Technology, 3(9), 334–340.

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	XLIM Lab, Limoges University, Limoges, France
Najat Nasser & Patrick Vaudon

	Electrical and Computer Engineering Department, Rafik Hariri University, Mechref, Lebanon
Dina Serhal

	University Institute of Technology, Lebanese University, Sidon, Lebanon
Rabih Barake & Mohammad Rammal


Authors	Najat NasserView author publications
You can also search for this author in
                        PubMed Google Scholar



	Dina SerhalView author publications
You can also search for this author in
                        PubMed Google Scholar



	Rabih BarakeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mohammad RammalView author publications
You can also search for this author in
                        PubMed Google Scholar



	Patrick VaudonView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Najat Nasser.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Nasser, N., Serhal, D., Barake, R. et al. A novel low SAR water-based mobile handset antenna.
                    Analog Integr Circ Sig Process 96, 353–361 (2018). https://doi.org/10.1007/s10470-018-1130-8
Download citation
	Received: 15 November 2017

	Revised: 04 February 2018

	Accepted: 12 February 2018

	Published: 28 February 2018

	Issue Date: August 2018

	DOI: https://doi.org/10.1007/s10470-018-1130-8


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Water material
	PIFA
	SAR
	Current density








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					44.220.63.115
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    