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                    Abstract
This letter studies and compares class-B VCOs using spiral inductors with the proposed dual-layer patterned floating shield (DL-PFS) and conventional single-layer patterned floating shield (SL-PFS). The proposed DL-PFS technique utilizes two lowest metal layers to effectively reduce the capacitive induced current to the substrate in an on-chip spiral inductor, thereby boosts its Q-factor by 40% when compared with the conventional SL-PFS approach. We fabricated, as a proof of concept, the class-B LC-VCOs using the DL-PFS and SL-PFS in 0.13 µm CMOS. Operating at 10 GHz, the VCO with the DL-PFS inductor measures a 3.6 dB phase noise (PN) improvement at the same power consumption of 2.12 mW. Specifically, the VCO with DL-PFS inductor is tunable from 9.3-to-10.1 GHz and measured PN at 10 GHz is −132.5 dBc/Hz at 10 MHz offset while consuming 2.12 mW at the lowest 0.6 V supply. The achieved figure-of-merit (187.4 dBc/Hz@1 MHz offset) compares favorably with the recent state-of-the-art.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
                            
                        
                    

                    

                    

                    References
	Kuhn, W. B., & Ibrahim, N. M. (2001). Analysis of current crowding effects in multiturn spiral inductors. IEEE Transactions on Microwave Theory and Techniques, 
                           49(1), 31–38.
Article 
    
                    Google Scholar 
                

	Yue, C. P., & Wong, S. S. (1998). On-chip spiral inductors with patterned ground shields for Si-based RF IC’s. IEEE Journal of Solid-State Circuits, 
                           33(5), 743–752.
Article 
    
                    Google Scholar 
                

	Cheung, T. S. D., & Long, J. R. (2006). Shielded passive devices for silicon-based monolithic microwave and millimeter-wave integrated circuits. IEEE Journal of Solid-State Circuits, 
                           41(5), 1183–1200.
Article 
    
                    Google Scholar 
                

	Lim, C. C, et al. (2016). A high-Q spiral inductor with dual-layer patterned floating shield in a class-B VCO achieving a 190.5-dBc/Hz FoM. In Proceedings of IEEE international symposium on circuits and systems (pp. 2759–2762).

	Rautio, J. C., Merrill, J. D., & Kobasa, M. J. (2013). Efficient electromagnetic analysis of spiral inductor patterned ground shields. In Proceedings of IEEE international conference on microwaves, communications, antennas and electronic systems (pp. 1–5).

	Garampazzi, M., et al. (2014). An intuitive analysis of phase noise fundamental limits suitable for benchmarking LC oscillators. IEEE Journal of Solid-State Circuits, 
                           49(3), 635–645.
Article 
    
                    Google Scholar 
                

	Bevilacqua, A., & Andreani, P. (2012). An analysis of 1/f noise to phase noise conversion in CMOS harmonic oscillators. IEEE Transactions on Circuits and Systems I: Regular Papers, 
                           59(5), 938–945.
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Ha, K. W., et al. (2014). Gm-boosted complementary current-reuse Colpitts VCO with low power and low phase noise. IEEE Microwave and Wireless Components Letters, 
                           24(6), 418–420.
Article 
    
                    Google Scholar 
                

	Wang, T. P., & Yan, Y. M. (2014). A low-voltage low-power wide-tuning-range hybrid class-AB/class-B VCO with robust start-up and high-performance FOMT. IEEE Transactions on Microwave Theory and Techniques, 
                           62(3), 521–531.
Article 
    
                    Google Scholar 
                

	Amin, M. T., Yin, J., Mak, P., & Martins, R. P. (2015). A 0.07 mm2 2.2 mW 10 GHz current-reuse class-B/C hybrid VCO achieving 196-dBc/Hz FoM(A). IEEE Microwave and Wireless Components Letter, 
                           25(7), 457–459.
Article 
    
                    Google Scholar 
                

	D’Amico, S., et al. (2016). A 6.1 mW 7.5–10.6 GHz PLL-based frequency synthesizer for IEEE 802.15.4a UWB transceivers. Analog Integrated Circuits and Signal Processing, 
                           88, 383–389.
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
This work was supported by Motorola Foundation Scholarship (PV001-2014) and the University of Macau (MYRG2015-00097-AMSV).


Author information
Authors and Affiliations
	University of Malaya, Kuala Lumpur, Malaysia
Chee Cheow Lim & Harikrishnan Ramiah

	State-Key Laboratory of Analog & Mixed-Signal VLSI, and Faculty of Science & Technology, Department of Electrical and Computer Engineering, University of Macau, Macao, China
Jun Yin, Pui-In Mak & Rui P. Martins

	Instituto Superior Técnico, Universidade de Lisboa, Lisboa, 1049-001, Portugal
Rui P. Martins


Authors	Chee Cheow LimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Harikrishnan RamiahView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jun YinView author publications
You can also search for this author in
                        PubMed Google Scholar



	Pui-In MakView author publications
You can also search for this author in
                        PubMed Google Scholar



	Rui P. MartinsView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Harikrishnan Ramiah.


Rights and permissions
Reprints and permissions


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



Cite this article
Lim, C.C., Ramiah, H., Yin, J. et al. LC-VCOs using spiral inductors with single- and dual-layer patterned floating shields: a comparative study.
                    Analog Integr Circ Sig Process 91, 497–502 (2017). https://doi.org/10.1007/s10470-017-0958-7
Download citation
	Received: 06 December 2016

	Revised: 18 January 2017

	Accepted: 17 March 2017

	Published: 25 March 2017

	Issue Date: June 2017

	DOI: https://doi.org/10.1007/s10470-017-0958-7


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
	Inductor
	Patterned floating shield
	Substrate
	CMOS
	VCO








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					34.205.43.164
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    