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                                            ไทย
                                    
                                
	
                                
                                
                                    
                                    
                                        
                                    
                                
                                    
                                            한국어
                                    
                                
	
                                
                                
                                    
                                        
                                    
                                    
                                
                                    
                                            日本語
                                    
                                
	
                                
                                
                                    
                                        
                                    
                                    
                                
                                    
                                            简体中文
                                    
                                
	
                                
                                
                                    
                                    
                                        
                                    
                                
                                    
                                            繁體中文
                                    
                                


                    

                
            

        

    





                            
                            

























    

    



    








    











    
    
    
        
    


    
        Toggle Search
        
    
    
        
            
                
                    
                        
                            
                                Search
                                
                            

                            
                                
                                
                                    
                                        
                                        
                                        
                                        
                                    
                                
                            
                            
                            
									Close Search Panel
							
                                
                                            Advanced Search
                                
                            
                            

                        

                        
                        
                             
                                 
									
									close
									
								

                            
                            
                            
                                
                                    
                                    
                                    
                                    

                                

                                
                                    
                                        Sign In to access restricted content
                                

                            

                            
                            
                            
                                
                                    
                                    
                                        Using Intel.com Search

                                        You can easily search the entire Intel.com site in several ways.

                                        	
                                                Brand Name:
                                                
                                                    Core i9
                                                
                                            
	
                                                Document Number:
                                                
                                                    123456
                                                
                                            
	
                                                Code Name:
                                                
                                                    Emerald Rapids
                                                
                                            
	
                                                Special Operators:
                                                
                                                    “Ice Lake”, Ice AND Lake, Ice OR Lake, Ice*
                                                
                                            


                                    

                                    
                                    
                                        Quick Links

                                        You can also try the quick links below to see results for most popular searches.

                                        	
                                                
                                                    Product Information
                                                
                                            
	
                                                Support
                                            
                                            
	
                                                
                                                    Drivers & Software
                                                
                                            


                                    

                                    
                                    
                                        
                                            Recent Searches

                                        

                                    

                                

                                
                                    
                                        Sign In to access restricted content
                                

                            

                            
                                 
											
												
												
													Advanced Search

													
														
															
																All of these terms
Any of these terms
Exact term only


																Find results with
															


															
                                                                
                                                                        All Results
                                                                    

                                                                        Product Information
                                                                    

                                                                        Support
                                                                    

                                                                        Drivers & Software
                                                                    

                                                                        Documentation & Resources
                                                                    

                                                                        Partners
                                                                    

                                                                        Communities
                                                                    

                                                                        Corporate
                                                                    


																Show results from
															

														


														
															Only search in

															
																
																	
																	Title

																	
																	
																Description

																	
																	Content ID
															


															
																Search
															
														

													

												

											

											
												Sign in to access
												restricted content.
											

										

                                    
                        

                    

                

            

        

    



                        

                        
                    

                
            
        


		
			























    
    
    
    
    
     
        
        

        
        

        
        

        
        
            
        

    






    
    
    
    
        
    
    






    
        
            
                	
                            1. Intel® MAX® 10 I/O Overview

                        


                
                
            
            



















        

    




    
        
            
            
        
    
    





		
        
    







    
    



    
        
            
                
                    
                        The browser version you are using is not recommended for this site.
Please consider upgrading to the latest version of your browser by clicking one of the following links.

                        
                            	Safari
	Chrome
	Edge
	Firefox


                        

                    

                

            

        

    























    























    
        

    
    






    
        
            
                

            

        

        
            
                Intel® MAX® 10 General Purpose I/O User Guide

            


            
                
                    Download PDF
                

                
                    


                
            

        

        
            
                
                
                

            

        

        

            

                
                    
                        ID
                        683751
                    
                


                
                    Date
                    10/31/2022
                


                
                    
                    
                        Version
                        
                            
                                22.1 (latest)
21.1
20-1
18-1
17-1
16-0
15-1
15-0
14-1


                            

                        
                        
                    
                

                
                    Public
                


            


        

        
            
                
                    View More
                    See Less
                
                
            

        

    









    
        
            
                














    
        
            
                











    
        
            
                
                    Visible to Intel only — 

                        GUID:
                        sam1394000084476


                    
                         Ixiasoft
                        

                    
                
                
            
        
    

    
        
            View Details
        

    




            

        
        
            
                
                Close Filter Modal
            
        

            
                Document Table of Contents
            
                
                    
                        
                            Document Table of Contents
                            x
                        

                    


            
                
                    
                        1. Intel® MAX® 10 I/O Overview
                    
                    
                
                    
                        2. Intel® MAX® 10 I/O Architecture and Features
                    
                    
                
                    
                        3. Intel® MAX® 10 I/O Design Considerations
                    
                    
                
                    
                        4. Intel® MAX® 10 I/O Implementation Guides
                    
                    
                
                    
                        5. GPIO Lite Intel® FPGA IP References
                    
                    
                
                    
                    
                        6. Intel® MAX® 10 General Purpose I/O User Guide Archives
                    
                
                    
                    
                        7. Document Revision History for Intel® MAX® 10 General Purpose I/O User Guide
                    
                
            

        

        
            
                
                    
                        
                            1. Intel® MAX® 10 I/O Overview
                            x
                        

                    

                    
                        
                        
                            
                            
                                1.1. Intel® MAX® 10 Devices I/O Resources Per Package
                            
                        
                            
                            
                                1.2. Intel® MAX® 10 I/O Vertical Migration Support
                            
                        
                    

                

                
                    
                        
                    
                        
                    
                
            
        
            
                
                    
                        
                            2. Intel® MAX® 10 I/O Architecture and Features
                            x
                        

                    

                    
                        
                        
                            
                                2.1. Intel® MAX® 10 I/O Standards Support
                            
                            
                        
                            
                                2.2. Intel® MAX® 10 I/O Elements
                            
                            
                        
                            
                                2.3. Intel® MAX® 10 I/O Buffers
                            
                            
                        
                            
                                2.4. I/O Standards Termination
                            
                            
                        
                    

                

                
                    
                        
                            
                                
                                    
                                        2.1. Intel® MAX® 10 I/O Standards Support
                                        x
                                    

                                

                                
                                    
                                    
                                        
                                        
                                            2.1.1. Intel® MAX® 10 I/O Standards Voltage and Pin Support
                                        
                                        
                                    
                                

                            

                            
                                
                                    
                                
                            
                        
                    
                        
                            
                                
                                    
                                        2.2. Intel® MAX® 10 I/O Elements
                                        x
                                    

                                

                                
                                    
                                    
                                        
                                        
                                            2.2.1. Intel® MAX® 10 I/O Banks Architecture
                                        
                                        
                                    
                                        
                                        
                                            2.2.2. Intel® MAX® 10 I/O Banks Performance
                                        
                                        
                                    
                                        
                                        
                                            2.2.3. Intel® MAX® 10 I/O Banks Locations
                                        
                                        
                                    
                                

                            

                            
                                
                                    
                                
                                    
                                
                                    
                                
                            
                        
                    
                        
                            
                                
                                    
                                        2.3. Intel® MAX® 10 I/O Buffers
                                        x
                                    

                                

                                
                                    
                                    
                                        
                                        
                                            2.3.1. Schmitt-Trigger Input Buffer
                                        
                                        
                                    
                                        
                                            2.3.2. Programmable I/O Buffer Features
                                        
                                        
                                        
                                    
                                

                            

                            
                                
                                    
                                
                                    
                                        
                                            
                                                
                                                    2.3.2. Programmable I/O Buffer Features
                                                    x
                                                

                                            

                                            
                                                
                                                
                                                    
                                                    
                                                        2.3.2.1. Programmable Open Drain
                                                    
                                                    
                                                
                                                    
                                                    
                                                        2.3.2.2. Programmable Bus Hold
                                                    
                                                    
                                                
                                                    
                                                    
                                                        2.3.2.3. Programmable Pull-Up Resistor
                                                    
                                                    
                                                
                                                    
                                                    
                                                        2.3.2.4. Programmable Current Strength
                                                    
                                                    
                                                
                                                    
                                                    
                                                        2.3.2.5. Programmable Output Slew Rate Control
                                                    
                                                    
                                                
                                                    
                                                    
                                                        2.3.2.6. Programmable IOE Delay
                                                    
                                                    
                                                
                                                    
                                                    
                                                        2.3.2.7. PCI Clamp Diode
                                                    
                                                    
                                                
                                                    
                                                    
                                                        2.3.2.8. Programmable Pre-Emphasis
                                                    
                                                    
                                                
                                                    
                                                    
                                                        2.3.2.9. Programmable Differential Output Voltage
                                                    
                                                    
                                                
                                                    
                                                    
                                                        2.3.2.10. Programmable Emulated Differential Output
                                                    
                                                    
                                                
                                                    
                                                    
                                                        2.3.2.11. Programmable Dynamic Power Down
                                                    
                                                    
                                                
                                            

                                        

                                        
                                            
                                                
                                            
                                                
                                            
                                                
                                            
                                                
                                            
                                                
                                            
                                                
                                            
                                                
                                            
                                                
                                            
                                                
                                            
                                                
                                            
                                                
                                            
                                        
                                    
                                
                            
                        
                    
                        
                            
                                
                                    
                                        2.4. I/O Standards Termination
                                        x
                                    

                                

                                
                                    
                                    
                                        
                                        
                                            2.4.1. Voltage-Referenced I/O Standards Termination
                                        
                                        
                                    
                                        
                                        
                                            2.4.2. Differential I/O Standards Termination
                                        
                                        
                                    
                                        
                                            2.4.3. Intel® MAX® 10 On-Chip I/O Termination
                                        
                                        
                                        
                                    
                                

                            

                            
                                
                                    
                                
                                    
                                
                                    
                                        
                                            
                                                
                                                    2.4.3. Intel® MAX® 10 On-Chip I/O Termination
                                                    x
                                                

                                            

                                            
                                                
                                                
                                                    
                                                    
                                                        2.4.3.1. OCT Calibration
                                                    
                                                    
                                                
                                                    
                                                    
                                                        2.4.3.2. RS OCT in Intel® MAX® 10 Devices
                                                    
                                                    
                                                
                                            

                                        

                                        
                                            
                                                
                                            
                                                
                                            
                                        
                                    
                                
                            
                        
                    
                
            
        
            
                
                    
                        
                            3. Intel® MAX® 10 I/O Design Considerations
                            x
                        

                    

                    
                        
                        
                            
                            
                                3.1. Guidelines: VCCIO Range Considerations
                            
                        
                            
                            
                                3.2. Guidelines: Voltage-Referenced I/O Standards Restriction
                            
                        
                            
                            
                                3.3. Guidelines: Enable Clamp Diode for LVTTL/LVCMOS Input Buffers
                            
                        
                            
                            
                                3.4. Guidelines: Adhere to the LVDS I/O Restrictions Rules
                            
                        
                            
                            
                                3.5. Guidelines: I/O Restriction Rules
                            
                        
                            
                                3.6. Guidelines: Placement Restrictions for 1.0 V I/O Pin
                            
                            
                        
                            
                            
                                3.7. Guidelines: Analog-to-Digital Converter I/O Restriction
                            
                        
                            
                            
                                3.8. Guidelines: External Memory Interface I/O Restrictions
                            
                        
                            
                            
                                3.9. Guidelines: Dual-Purpose Configuration Pin
                            
                        
                            
                            
                                3.10. Guidelines: Clock and Data Input Signal for Intel® MAX® 10 E144 Package
                            
                        
                    

                

                
                    
                        
                    
                        
                    
                        
                    
                        
                    
                        
                    
                        
                            
                                
                                    
                                        3.6. Guidelines: Placement Restrictions for 1.0 V I/O Pin
                                        x
                                    

                                

                                
                                    
                                    
                                        
                                        
                                            3.6.1. Calculating the Total Inductance for 1.0 V Pin Placement
                                        
                                        
                                    
                                

                            

                            
                                
                                    
                                
                            
                        
                    
                        
                    
                        
                    
                        
                    
                        
                    
                
            
        
            
                
                    
                        
                            4. Intel® MAX® 10 I/O Implementation Guides
                            x
                        

                    

                    
                        
                        
                            
                                4.1. GPIO Lite Intel FPGA IP GPIO Lite Intel® FPGA IP
                            
                            
                        
                            
                            
                                4.2. Verifying Pin Migration Compatibility
                            
                        
                    

                

                
                    
                        
                            
                                
                                    
                                        4.1. GPIO Lite Intel FPGA IP GPIO Lite Intel® FPGA IP
                                        x
                                    

                                

                                
                                    
                                    
                                        
                                            4.1.1. GPIO Lite Intel® FPGA IP Data Paths
                                        
                                        
                                        
                                    
                                

                            

                            
                                
                                    
                                        
                                            
                                                
                                                    4.1.1. GPIO Lite Intel® FPGA IP Data Paths
                                                    x
                                                

                                            

                                            
                                                
                                                
                                                    
                                                    
                                                        4.1.1.1. DDR Input Path
                                                    
                                                    
                                                
                                                    
                                                    
                                                        4.1.1.2. DDR Output Path with Output Enable
                                                    
                                                    
                                                
                                            

                                        

                                        
                                            
                                                
                                            
                                                
                                            
                                        
                                    
                                
                            
                        
                    
                        
                    
                
            
        
            
                
                    
                        
                            5. GPIO Lite Intel® FPGA IP References
                            x
                        

                    

                    
                        
                        
                            
                            
                                5.1. GPIO Lite Intel® FPGA IP Parameter Settings
                            
                        
                            
                            
                                5.2. GPIO Lite Intel® FPGA IP Interface Signals
                            
                        
                    

                

                
                    
                        
                    
                        
                    
                
            
        
            
        
            
        
        
            
                Introduction
                
            

        
    

    
        
            
                
                Close Filter Modal
            
        

        
        
            
                
                    
                        
                        1. Intel® MAX® 10 I/O Overview
                    

                
                
                
                    
                    
                        
                            	1.1. Intel® MAX® 10 Devices I/O Resources Per Package


                        
                        
                    
                        
                            	1.2. Intel® MAX® 10 I/O Vertical Migration Support


                        
                        
                    
                

            

        
            
                
                    
                        
                        2. Intel® MAX® 10 I/O Architecture and Features
                    

                
                
                
                    
                    
                        
                        
                            
                                
                                2.1. Intel® MAX® 10 I/O Standards Support
                            

                            
                                
                                
                                    
                                        	 2.1.1. Intel® MAX® 10 I/O Standards Voltage and Pin Support


                                    
                                    
                                
                            

                        
                    
                        
                        
                            
                                
                                2.2. Intel® MAX® 10 I/O Elements
                            

                            
                                
                                
                                    
                                        	 2.2.1. Intel® MAX® 10 I/O Banks Architecture


                                    
                                    
                                
                                    
                                        	 2.2.2. Intel® MAX® 10 I/O Banks Performance


                                    
                                    
                                
                                    
                                        	 2.2.3. Intel® MAX® 10 I/O Banks Locations


                                    
                                    
                                
                            

                        
                    
                        
                        
                            
                                
                                2.3. Intel® MAX® 10 I/O Buffers
                            

                            
                                
                                
                                    
                                        	 2.3.1. Schmitt-Trigger Input Buffer


                                    
                                    
                                
                                    
                                    
                                        
                                            
                                            2.3.2. Programmable I/O Buffer Features
                                        

                                        
                                            
                                            
                                                
                                                    	 2.3.2.1. Programmable Open Drain


                                                
                                                
                                            
                                                
                                                    	 2.3.2.2. Programmable Bus Hold


                                                
                                                
                                            
                                                
                                                    	 2.3.2.3. Programmable Pull-Up Resistor


                                                
                                                
                                            
                                                
                                                    	 2.3.2.4. Programmable Current Strength


                                                
                                                
                                            
                                                
                                                    	 2.3.2.5. Programmable Output Slew Rate Control


                                                
                                                
                                            
                                                
                                                    	 2.3.2.6. Programmable IOE Delay


                                                
                                                
                                            
                                                
                                                    	 2.3.2.7. PCI Clamp Diode


                                                
                                                
                                            
                                                
                                                    	 2.3.2.8. Programmable Pre-Emphasis


                                                
                                                
                                            
                                                
                                                    	 2.3.2.9. Programmable Differential Output Voltage


                                                
                                                
                                            
                                                
                                                    	 2.3.2.10. Programmable Emulated Differential Output


                                                
                                                
                                            
                                                
                                                    	 2.3.2.11. Programmable Dynamic Power Down


                                                
                                                
                                            
                                        

                                    
                                
                            

                        
                    
                        
                        
                            
                                
                                2.4. I/O Standards Termination
                            

                            
                                
                                
                                    
                                        	 2.4.1. Voltage-Referenced I/O Standards Termination


                                    
                                    
                                
                                    
                                        	 2.4.2. Differential I/O Standards Termination


                                    
                                    
                                
                                    
                                    
                                        
                                            
                                            2.4.3. Intel® MAX® 10 On-Chip I/O Termination
                                        

                                        
                                            
                                            
                                                
                                                    	 2.4.3.1. OCT Calibration


                                                
                                                
                                            
                                                
                                                    	 2.4.3.2. RS OCT in Intel® MAX® 10 Devices


                                                
                                                
                                            
                                        

                                    
                                
                            

                        
                    
                

            

        
            
                
                    
                        
                        3. Intel® MAX® 10 I/O Design Considerations
                    

                
                
                
                    
                    
                        
                            	3.1. Guidelines: VCCIO Range Considerations


                        
                        
                    
                        
                            	3.2. Guidelines: Voltage-Referenced I/O Standards Restriction


                        
                        
                    
                        
                            	3.3. Guidelines: Enable Clamp Diode for LVTTL/LVCMOS Input Buffers


                        
                        
                    
                        
                            	3.4. Guidelines: Adhere to the LVDS I/O Restrictions Rules


                        
                        
                    
                        
                            	3.5. Guidelines: I/O Restriction Rules


                        
                        
                    
                        
                        
                            
                                
                                3.6. Guidelines: Placement Restrictions for 1.0 V I/O Pin
                            

                            
                                
                                
                                    
                                        	 3.6.1. Calculating the Total Inductance for 1.0 V Pin Placement


                                    
                                    
                                
                            

                        
                    
                        
                            	3.7. Guidelines: Analog-to-Digital Converter I/O Restriction


                        
                        
                    
                        
                            	3.8. Guidelines: External Memory Interface I/O Restrictions


                        
                        
                    
                        
                            	3.9. Guidelines: Dual-Purpose Configuration Pin


                        
                        
                    
                        
                            	3.10. Guidelines: Clock and Data Input Signal for Intel® MAX® 10 E144 Package


                        
                        
                    
                

            

        
            
                
                    
                        
                        4. Intel® MAX® 10 I/O Implementation Guides
                    

                
                
                
                    
                    
                        
                        
                            
                                
                                4.1. GPIO Lite Intel FPGA IP GPIO Lite Intel® FPGA IP
                            

                            
                                
                                
                                    
                                    
                                        
                                            
                                            4.1.1. GPIO Lite Intel® FPGA IP Data Paths
                                        

                                        
                                            
                                            
                                                
                                                    	 4.1.1.1. DDR Input Path


                                                
                                                
                                            
                                                
                                                    	 4.1.1.2. DDR Output Path with Output Enable


                                                
                                                
                                            
                                        

                                    
                                
                            

                        
                    
                        
                            	4.2. Verifying Pin Migration Compatibility


                        
                        
                    
                

            

        
            
                
                    
                        
                        5. GPIO Lite Intel® FPGA IP References
                    

                
                
                
                    
                    
                        
                            	5.1. GPIO Lite Intel® FPGA IP Parameter Settings


                        
                        
                    
                        
                            	5.2. GPIO Lite Intel® FPGA IP Interface Signals


                        
                        
                    
                

            

        
            
                
                
                    
                        
                        6. Intel® MAX® 10 General Purpose I/O User Guide Archives
                    

                
                
                    
                    
                

            

        
            
                
                
                    
                        
                        7. Document Revision History for Intel® MAX® 10 General Purpose I/O User Guide
                    

                
                
                    
                    
                

            

        
        

    






                
                
                    
                    
                        
















    
            











    
        
            
                
                    Visible to Intel only — 

                        GUID:
                        sam1394000084476


                    
                         Ixiasoft
                        

                    
                
                
            
        
    

    
        
            View Details
        

    




    


    
        1. Intel® MAX® 10 I/O Overview

         
  
  	Updated for:
	Intel® Quartus® Prime Design Suite 22.1

 
 
 
  
   The  Intel® MAX® 10 general purpose I/O (GPIO) system consists of the I/O elements (IOE) and the GPIO Lite  Intel® FPGA IP. You can use GPIOs in non-transceiver general applications, memory-like interfaces, or LVDS applications. 
  
 
  	The IOEs contain bidirectional I/O buffers and I/O registers located in I/O banks around the periphery of the device. 
	The GPIO Lite IP core supports the GPIO components and features, including double data rate I/O (DDIO), delay chains, I/O buffers, control signals, and clocking. 
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                            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.
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