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  	Updated for:
	Intel® Quartus® Prime Design Suite 21.3

 
 
 
  
  Today’s design application and performance requirements are more challenging than ever due to increased complexity. With the evolution of system-on-a-chip, the size of typical designs are ever increasing. Complexities such as external memory interfaces and mixed signal devices can challenge timing closure. You may not have control over the pipelining or partitioning of IP blocks. 
 
  Nevertheless, your design must accommodate timing requirements for the IP in the system to achieve a fully functional design. If you are unable to completely meet performance requirements for any part of a design, the system may fail to function as you want. 
 
  This application note presents design independent techniques for timing closure. Whether you use Application Specific Standard Products (ASSPs), Application Specific Integrated Circuits (ASICs), or Field Programmable Gate Arrays (FPGAs), rapid timing closure poses a challenge for system design that you can overcome using these methods. 
 
  The  Intel® Quartus® Prime Fitter's default settings are set to help you meet required timing constraints for most designs. However, for designs that cannot meet timing requirements with default settings, use the methodology in this application note to shorten design cycles, reduce complexity, and achieve timing closure requirements as quickly as possible. 
 
   
   Shorten Design Cycles
 
   Typically, current FPGA systems are characterized by shorter product life cycles driven by market pressures. To be successful, designers must design, test, and bring the product to the market as quickly as possible. Often designers must prioritize design verification because delivering successful products at the first trial is essential for economic viability. 
 
   The  Intel® Quartus® Prime software provides features that help you meet market pressure and stringent performance goals along with shorter design cycles. The  Intel® Quartus® Prime software provides accurate timing models, advanced timing analysis, and fine-tuned Fitter algorithms to meet your goals. 
 
   With the default  Intel® Quartus® Prime Compiler settings, you can often achieve push-button timing closure for typical FPGA designs. For those designs where push-button timing closure is difficult, the  Intel® Quartus® Prime software helps you to plan for timing closure at the beginning of your design cycle to accelerate timing closure at the end of the cycle. 
 
  
 
   
   Reduce Timing Closure Complexities and Conflicts
 
   Many factors can increase the difficulty of timing closure. For example, the placement of specific resources in a location on the FPGA could be a complexity. Specialty blocks, such as DSPs, RAMs, and transceivers are sometimes located in areas of the FPGA where routing availability can be problematic because of congestion around the blocks. Poor resource placement by the Fitter can result in timing not meeting all requirements. 
 
   Timing closure conflicts can occur between the resource, area, power, and timing requirements that you specify for your design. For example, often mobile devices must trade power for speed considerations. If your design requires more resources, you must distribute the resources across the target FPGA device. Widely distributed resources tend to have long interconnections. At smaller device geometries, delays are dominated by interconnect delays rather than cell delays. To have shorter net lengths, you ideally have a smaller area. Therefore, these two requirements generally conflict. 
 
   Another common timing closure conflict occurs between reliability and the time available for verification. Because of the reduced market window that dictates your product’s success, system designer's want to have a design working within the shortest amount of time, at the lowest possible cost, for a product that is simple, scalable, and reliable. To maximize the window of opportunity, you must shrink the design cycle. However, the requirement to have a successful design results in having to spend more time verifying the design. All of these complexities increase the challenge of closing timing on a design. 
 
   Follow these guidelines and methodology to improve productivity, close timing faster, and reduce the number of Compiler iterations: 
 
   	 Plan Early for Timing Closure 
	 Customize Settings Per Application 
	 Change Fitter Placement Seeds 
	 Planning for Timing Closure 
	 Best Practices for Timing Closure 
	 Resolving Common Timing Issues 

 
  
 
 
 
  
   
   
Section Content
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 Conclusion
   
 Document Revision History for AN 584: Timing Closure Methodology for Advanced FPGA Designs
   
 
  
 
  

 
  


        
            
                
                    
                        
                            
                    

                    

                

            

        

    

    
        
            Level Two Title
        
    

    
        
        
    




                    
                
            

            
            
                





            

            
        

    











    













    
    
        
        
        
    





















    
    
        
    











    



















    
    
        
            
            
                
                    
                        
                        
                            [bookmark: gethelp_button]
                            
                            
                
                                Get Help
                                
                                
                            
                        


                        


                    


                
            

            
                
                

            
            
        
    






































    
        
            
                
                    
                        
                            	
                                        Company Overview
                                    
	
                                        Contact Intel
                                    
	
                                        Newsroom
                                    
	
                                        Investors
                                    
	
                                        Careers
                                    
	
                                        Corporate Responsibility
                                    
	
                                        Diversity & Inclusion
                                    
	
                                        Public Policy
                                    


                        
                        
                        
                    
                
                    
                        
                        
                            	
                                        
                                            
                                        
                                    
	
                                        
                                            
                                        
                                    
	
                                        
                                            
                                        
                                    
	
                                        
                                            
                                        
                                    
	
                                        
                                            
                                        
                                    


                        
                        
                    
                
                    
                        
                        
                        
                            	
                                        
                                            
                                            
                                                © Intel Corporation
                                            
                                        
                                    
	
                                        
                                            
                                                
                                                    
                                                    
                                                        
                                                            Terms of Use
                                                        
                                                    
                                                
                                            
                                            
                                        
                                    
	
                                        
                                            
                                                
                                                    
                                                    
                                                        
                                                            *Trademarks
                                                        
                                                    
                                                
                                            
                                            
                                        
                                    
	
                                        
                                            
                                                
                                                    
                                                        
                                                                    Cookies
                                                                    
                                                                
                                                        
                                                    
                                                    
                                                
                                            
                                            
                                        
                                    
	
                                        
                                            
                                                
                                                    
                                                    
                                                        
                                                            Privacy
                                                        
                                                    
                                                
                                            
                                            
                                        
                                    
	
                                        
                                            
                                                
                                                    
                                                    
                                                        
                                                            Supply Chain Transparency 
                                                        
                                                    
                                                
                                            
                                            
                                        
                                    
	
                                        
                                            
                                                
                                                    
                                                    
                                                        
                                                            Site Map
                                                        
                                                    
                                                
                                            
                                            
                                        
                                    
	
                                        
                                            
                                                
                                                    
                                                        
                                                                    Your Privacy Choices
                                                                    
                                                                        




	
                                        
                                            
                                                
                                                    
                                                        
                                                                    Notice at Collection
                                                                    
                                                                
                                                        
                                                    
                                                    
                                                
                                            
                                            
                                        
                                    
	
                                        
                                            
                                                
                                                    
                                                    
                                                        
                                                            Recycling
                                                        
                                                    
                                                
                                            
                                            
                                        
                                    


                        
                    
                
                
                    
                            Intel technologies may require enabled hardware, software or service activation. // No product or component can be absolutely secure. // Your costs and results may vary. // Performance varies by use, configuration and other factors. // See our complete legal Notices and Disclaimers. // Intel is committed to respecting human rights and avoiding causing or contributing to adverse impacts on human rights. See Intel’s Global Human Rights Principles. Intel’s products and software are intended only to be used in applications that do not cause or contribute to adverse impacts on human rights.


                    

                
            
            
                
                    [image: Intel Footer Logo]
                
            

        
    













    
    
    





















