




	
		Home
	Search Silicon IP
	Search Verification IP
	Latest News
	Industry Articles
	Industry Expert Blogs
	Videos
	Slides
	Podcast


  
 



  ≡ Menu 
  
  Design And Reuse

	
		Login
		
	|
	
	Subscribe
	


  
 





	|
	
 Company

	|
	
D&R China

	|
	
dr-embedded.com

	|
	
Wiki

	|
	
[image: ]
  
     [image: ] English
    [image: ] Chinese
  




				
		Login
		
	|
	
	Subscribe to D&R SoC News Alert
	







	Design And Reuse
	


 

    

    
        	
                Search IP
					
					     Categories
                        
                            	Silicon IP
	Analog & Mixed Signal
	Storage Controller & PHY
	Graphic & Peripheral
	Interface Controller & PHY
	Processors & Microcontrollers
	Memory & Logic Library
	Security
	Multimedia
	Wireline Communication
	Wireless Communication
	
                                    Silicon IP Vendors
                                


                        

                    
	
						 

                        
								
                                    Verification IP
                                
	
                                    Search / Browse
                                
	
                                    Verification IP Vendors
                                
	
                                    Software IP
                                
	
                                    Search / Browse
                                
	
                                    Software IP Vendors
                                
	
                                     
                                
	
                                     
                                
	
                                    Additional Services
                                
	
                                    Wanted IPs
                                
	
                                    IP Analytics
                                


                        

                    
	
							
						Featured Products 
							
							[image: PrimeSoC Technologies]
PCIE Gen5 digital controller


	[image: Alphawave Semi]
40G OTN Digital Wrapper


	[image: Synopsys, Inc.]
Pre-verified Interface IP Subsystems reduce design risk and accelerate time-to-market


	[image: Cadence Design Systems, Inc.]
Denali DDR PHY for TSMC





						
                    


				
            
	
                News
              	
                        Categories
                        
                            	
                                    IP/SoC Products 
                                
	
                                    Embedded Systems 
                                
	
                                    Foundries
                                
	
                                    Chiplet 
                                
	
                                    FPGA 
                                
	
                                    Fabless / IDM 
                                
	
                                    Deals
                                
	
                                    Legal
                                
	
                                    Business
                                
	
                                    Financial Results
                                
	
                                    People
                                
	
                                    Commentary / Analysis
                                
	
                                    20 Most Popular News
                                


                        

                    
	
                        					
						Latest News 
							
							[image: tiempo-secure-cryptonext-security-post-quantic-ip]
Tiempo Secure - CryptoNext Security partnership, bringing High-End Post-Quantic IP Security innovation to the next level.
Wednesday Apr. 10, 2024


	[image: innova-design-project-management-platform]
Innova finalizes its flow and resource management software platform and opens up to the international market
Wednesday Apr. 10, 2024


	[image: rebellions-arteris-npu]
Rebellions Selects Arteris for Its Next-Generation Neural Processing Unit Aimed at Generative AI
Tuesday Apr. 09, 2024






						
                    



            
	
                Industry Articles
              	
                        Categories
                        
                            	
                                    IP/SoC Products 
                                
	
                                    Embedded Systems 
                                
	
                                    Foundries
                                
	
                                    FPGA 
                                
	
                                    Business
                                
	
                                    20 Most Popular Articles
                                


                        

                    
	
                        					
						Featured Articles 
							
							[image: embracing-a-more-secure-era-with-tls-1-3]
Embracing a More Secure Era with TLS 1.3
Tuesday Apr. 02, 2024


	[image: esd-protection-automotive-ethernet]
Maximizing ESD protection for automotive Ethernet applications
Monday Mar. 25, 2024


	[image: time-sensitive-networking-for-aerospace]
Time Sensitive Networking for Aerospace
Monday Mar. 18, 2024






						
                    

 
            
	
                Blogs
               	
                        					
						Industry Expert Blogs 
							
							[image: synopsys-openlight-pcie-7-0-data-rate-over-optics-demo]
The Future of PCIe Is Optical: Synopsys and OpenLight Present First PCIe 7.0 Data-Rate-Over-Optics Demo 
Synopsys Blog -  Keivan Javadi Khasraghi, Priyank Shukla (Synopsys)


	[image: arm-ethos-u85]
Arm Ethos-U85: Addressing the High Performance Demands of IoT in the Age of AI
arm Blogs - Parag Beeraka, Senior Director, Segment Marketing, IoT, Arm


	[image: arm-corstone-320]
Arm Corstone-320: Accelerating Voice, Audio and Vision IoT Systems
 - Diya Soubra, Director, IoT Reference Design Platforms, Arm






						
                    

     
            
	
                Videos

            
	
                Slides

            
	

					Events
						
					
					
					  IP-SOC  2024


						Archives
                        
                            	
                                    IP-SoC Days 2023
                                
	
                                    IP-SoC Days 2022
                                
	
                                    IP-SoC Days 2021
                                
	
                                    IP-SoC Days 2020
                                
	
                                    IP-SoC Days 2019
                                


                        

                    


				
            


		

		
	


Choose a filter 
	Full Site Search
	Silicon IP
	Verification IP
	Software IP
	News
	Industry Articles















    









 


 

Low Power Bi-directional Level Shifter



 
		  




				

Nishant Madan,Gaurav Goyal, Syed Shakir Iqbal, Mayank Tutwani  
 Freescale Semiconductors India Pvt. Ltd.
 Abstract: 
[image: ]  Low power high performance designs have become a recent trend in modern SoC design community. Often multiple voltage domains are being created in order to cater the need of low power requirements and to communicate between these two domains level shifters are being used. However, these techniques are not completely effective as a part of the power saved by voltage islands is lost due to power consumed by these energy eating inefficient level shifter cells themselves. In this paper we propose high density low power architecture for level shifter cells that consumes ~ 5X lower powers with minimal compromise with performance.
 Design
 The proposed topology is based on the way of realization of a bi-directional level shifter using a single cross-coupled level-shifter rather than a two level-shifter based back to back connected architecture.
  Generally, the back to back connected architecture suffers from huge power consumptions as the feed-back level-shifter is always on and switches with input signal needlessly.
 To save this power loss due to needless switching we propose an architecture which uses a single feed-forward level shifter with switchable in/out ports so as to facilitate bi-directional operation based on a select signal.
 The proposed topology is based on the way of realization of a bi-directional level shifter using a single cross-coupled level-shifter with switchable in/out port architecture.
 [image: ]
   Figure 1: Transistor level schematic for conventional bi-directional level shifter.
       Major Source of Leakage power in Level Shifter:
 Let’s say, when IN changes to 0.90V, M1 gets ON and from the previous cycle, OUT is at ‘0V’. So, M1 & M3 gets ON simultaneously and hence a direct path of current exists from VDDH to VSS and a huge current. This would get resolved once M4 makes the node ‘y’ at VDDH and M3 gets OFF.
 Similar is the case with another half portion of the circuit.
 [image: ]
   Figure 2: Direct current path issue in conventional bi-directional level shifters.
   To resolve the issue:
 a) Reduce the timing window where both the M1 & M3 remain ON.
 b) Avoid this unnecessary timing window where both the M1 & M3 remain ON.
 Solution: Reduce the timing window where both the M1 & M3 remain ON.
 a) This could be achieved by playing with the Sizes of the MOS’s involved, i.e. M1, M3 & M4 but this could impact the timing of the level shifter + gain is less and also not possible to reduce the timing window to ZERO.
 b) Avoid this unnecessary timing window where both the M1 & M3 remain ON.
 a) This can be taken care with the newly proposed architecture where only once during the operation, such condition occurs. While in the prior art this condition comes twice during the operation.
 b)
 [image: ]
   Figure 3: Transistor level schematic for proposed bi-directional level shifter.
 Operation
 The port IN is associated with voltage level VDDL while port OUT is with VDDH.
 1. Operation: IN to OUT, VDDL to VDDH (EN = 0).
  During to low to high operation the EN signal is to be set as low.
 M9 and M10 turn on passing the port IN to M11, M12 and M15.
 For M11 and M12 the supply is connected to voltage level VDDL via M4 thus driving gate of M14 with logic level of VDDL.
 The supply for the cross coupled level shifter also connected to high voltage level VDDH via M5.
 If IN = 0 then, M14 is turned on and a logic low corresponding to VDDH is driven by M14 to M19 and M20 to the port OUT.
 If IN = 1 then, M15 is turned on and a logic high corresponding to VDDH is driven M13 to M19 and M20 to the port OUT.
 
 2. Operation: OUT to IN, VDDH to VDDL (EN = 1).
  During to high to low operation the EN signal is to be set as high.
 M7 and M8 turn on passing the port OUT to M11, M12 and M15.
 For M11 and M12 the supply is connected to voltage level VDDH via M3 thus driving gate of M14 with logic level of VDDH.
 The supply for the cross coupled level shifter also connected to high voltage level VDDL via M6.
 If OUT = 0 then, M14 is turned on and a logic low corresponding to VDDL is driven by M14 to M17 and M18 to the port IN.
 If OUT = 1 then, M15 is turned on and a logic high corresponding to VDDL is driven M13 to M17 and M18 to the port IN.
 
   [image: ]
  Figure 4: IN to OUT operation in proposed bi-directional level shifter.
 [image: ] 
   Figure 5: OUT to IN operation in proposed bi-directional level shifter.
 Results
 The circuit was simulated:
 	Voltage range : 0.9v to 1.32v & 1.32v to 0.90v
	Models – best, worst, typ, bpwn,wnwp.
	Timing parameters are measured at wcs, 150C.
	Power parameters are measured at bcs, 150C.

 The circuit is an improvement over the original conventional cross coupled architecture in terms of huge reduction in power consumption with comparable area and timing parameters.
 [image: ]
   Figure 6: Delay comparison between proposed and conventional bi-directional level shifter.
 [image: ] 
   Figure 7: Power comparison between proposed and conventional bi-directional level shifter.
 Conclusion
 In a multi core design with DVS , the supply voltages of different voltage islands there is an urgent need for bidirectional level shifters. The paper proposes a robust , high density , low power level shifter design which is capable of behaving as level shifter as well as voltage regulator. The idea has it in it to gain acceptance and large-scale use especially with the critical need for low-power & less area.
   If you wish to download a copy of this white paper, click here
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