







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 01 August 2012



                    A III–V nanowire channel on silicon for high-performance vertical transistors

                    	Katsuhiro Tomioka1,2, 
	Masatoshi Yoshimura1 & 
	Takashi Fukui1 



                    

                    
                        
    Nature

                        volume 488, pages 189–192 (2012)Cite this article
                    

                    
        
            	
                        14k Accesses

                    
	
                        628 Citations

                    
	
                            26 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Silicon transistors are expected to have new gate architectures, channel materials and switching mechanisms in ten years’ time1,2,3,4. The trend in transistor scaling has already led to a change in gate structure from two dimensions to three, used in fin field-effect transistors, to avoid problems inherent in miniaturization such as high off-state leakage current and the short-channel effect. At present, planar and fin architectures using III–V materials, specifically InGaAs, are being explored as alternative fast channels on silicon5,6,7,8,9 because of their high electron mobility and high-quality interface with gate dielectrics10. The idea of surrounding-gate transistors11, in which the gate is wrapped around a nanowire channel to provide the best possible electrostatic gate control, using InGaAs channels on silicon, however, has been less well investigated12,13 because of difficulties in integrating free-standing InGaAs nanostructures on silicon. Here we report the position-controlled growth of vertical InGaAs nanowires on silicon without any buffering technique and demonstrate surrounding-gate transistors using InGaAs nanowires and InGaAs/InP/InAlAs/InGaAs core–multishell nanowires as channels. Surrounding-gate transistors using core–multishell nanowire channels with a six-sided, high-electron-mobility transistor structure greatly enhance the on-state current and transconductance while keeping good gate controllability. These devices provide a route to making vertically oriented transistors for the next generation of field-effect transistors and may be useful as building blocks for wireless networks on silicon platforms.
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                    Figure 1: 
                        Selective-area growth of InGaAs nanowires on Si(111).
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Figure 2: 
                        Vertical InGaAs nanowire channel SGT on Si.
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Figure 3: 
                        Formation and characterization of InGaAs/InP/InAlAs/InGaAs CMS nanowires on Si.
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Figure 4: 
                        Performance of an SGT using InGaAs/InP/InAlAs/InGaAs CMS nanowire channels on Si.
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