
        
        
        
    

 

    

    


    

    
    



        
        
        
    

 

    

    

    

    
    
    
    






    
    







    
        
        
            



            
  

    







  
  

  








    


	Choose a country or area to see content specific to your location

	
		

		

	

   	
	




  
    é–‹å•Ÿç€�è¦½å™¨cookieä»¥æ��å�‡ç¶²ç«™åŠŸèƒ½èˆ‡æ•ˆèƒ½ã€‚

  

  
    
      Enable Javascript and browser cookies for improved site capabilities and performance.

    

  

  
    

  

  
    
      
        
        
          
        
      
      
    

    
  

  
    
      Toggle Menu
    

  

  
    
      
        
          
            
              å�³æ™‚å°�è«‡

            

          

          
            
              
                è�¯çµ¡æˆ‘å€‘
              
              
            

          
        
 
        
          
            
              
              
              
            
            
              

                æ¡è¿Žç™»å…¥

                	
	
                    æˆ‘çš„è³‡æ–™
                  
	
                    ç™»å‡º
                  


              

            

            
              
                	æœƒå“¡ç™»å…¥
	è¨»å†Š


              

            

          

          
            
              
              
            
              
              

            

            
              

            

          


          
            
              
            
            
              
                
                  ç¢ºèª�æ‚¨çš„åœ‹å®¶æˆ–åœ°å�€
                

                
                  
                    ä¸åœ‹è‡ºç�£
                  
                  
                

                	
                    ä¸å›½
	æ—¥æœ¬
	
                    ç¹�é«”ä¸æ–‡
	í•œêµ
	
                    Brasil
	Canada
	Deutschland
	France
	India
	Malaysia
	United Kingdom
	United States
	Australia
	Austria
	Belgium
	Denmark
	Finland
	Hong Kong, China
	Ireland
	Israel
	Italy
	Mexico
	Netherlands
                  
	Singapore
	Spain
	Sweden
	Switzerland (German)
	Thailand
	Vietnam
	æ›´å¤š..


              

            

            
              
                
                  è«‹ç¢ºèª�
                

                ç¢ºèª�æ‚¨çš„åœ‹åˆ¥ä»¥å�–å¾—ç›¸é—œå ±åƒ¹ã€�ç”¢å“�ä¿ƒéŠ·è¨Šæ�¯ã€�æ´»å‹•è¨Šæ�¯ï¼Œä»¥å�Šè�¯çµ¡è³‡è¨Šã€‚

                
                Select locale
                

                  ç¢ºèª�
                

              

            

          

          
          
            
              
            
          

        
 
      
 
    

    
      
        	
            
            ç”¢å“�èˆ‡æœ�å‹™
			      
            
            
              
                
                  	
                      
                        
                        
                          

                          ç¤ºæ³¢å™¨
                        
                      
                      
                      
                        	
                              
                              åŸºç¤Žé€šç”¨æ•¸ä½�ç¤ºæ³¢å™¨
                            
	
                              
                              å�³æ™‚ç¤ºæ³¢å™¨ â€“ ç›¸ç¬¦æ€§æ¸¬è©¦
                            
	
                              
                              ç‰æ•ˆæ™‚é–“å�–æ¨£ç¤ºæ³¢å™¨
                            
	
                              
                              æ‰‹æŒ�å¼�ã€�æ¨¡çµ„åŒ–å’Œ USB ç¤ºæ³¢å™¨
                            
	
                              
                              ç¤ºæ³¢å™¨è»Ÿé«”
                            
	
                              
                              ç¤ºæ³¢å™¨æŽ¢é 
                            
	
                            
                              
                              å…¨éƒ¨ç¤ºæ³¢å™¨  
                            
                            
                          


                      

                    
	
                      
                      
                        
                          

                          åˆ†æž�å„€
                        
                      
                      
                        	
                              
                              é »èœåˆ†æž�å„€ï¼ˆä¿¡è™Ÿåˆ†æž�å„€ï¼‰
                            
	
                              
                              ç¶²è·¯åˆ†æž�å„€
                            
	
                              
                              é‚�è¼¯åˆ†æž�å„€
                            
	
                              
                              å�”å®šåˆ†æž�å„€èˆ‡ç·´ç¿’å™¨
                            
	
                              
                              èª¤ç¢¼çŽ‡æ¸¬è©¦å„€
                            
	
                              
                              é›œè¨ŠæŒ‡æ•¸åˆ†æž�å„€å’Œé›œè¨Šæº�
                            
	
                              
                              é«˜é€Ÿæ•¸ä½�è½‰æ�›å™¨å’Œå¤šé€šé�“ DAQ è§£æ±ºæ–¹æ¡ˆ
                            
	
                              
                              äº¤æµ�é›»æº�åˆ†æž�å„€
                            
	
                              
                              ç›´æµ�é›»æº�åˆ†æž�å„€
                            
	
                              
                              æ��æ–™æ¸¬è©¦è¨å‚™
                            
	
                              
                              å…ƒä»¶é›»æµ�æ³¢å½¢åˆ†æž�å„€
                            
	
                              
                              å�Šå°Žé«”å�ƒæ•¸/å…ƒä»¶åˆ†æž�å„€ç³»åˆ—
                            


                      

                    
	
                      
                      
                        
                          

                          å„€éŒ¶
                        
                      
                      
                        	
                              
                              æ•¸ä½�è�¬ç”¨é›»éŒ¶DMM
                            
	
                              
                              ç›¸ä½�é›œè¨Šé‡�æ¸¬
                            
	
                              
                              åŠŸçŽ‡éŒ¶å’ŒåŠŸçŽ‡æ„Ÿæ¸¬å™¨
                            
	
                              
                              53200 ç³»åˆ—å°„é »èˆ‡è�¬ç”¨è¨ˆé »å™¨/è¨ˆæ™‚å™¨ 
                            
	
                              
                              LCR éŒ¶å’Œé˜»æŠ—é‡�æ¸¬ç”¢å“�
                            
	
                              
                              å¾®é›»æµ�éŒ¶å’Œé�œé›»éŒ¶
                            


                      

                    
	
                      
                      
                        
                          

                          ç”¢ç”Ÿå™¨ï¼Œæº�å’Œé›»æº�
                        
                      
                      
                        	
                              
                              ä¿¡è™Ÿç”¢ç”Ÿå™¨ï¼ˆä¿¡è™Ÿæº�ï¼‰
                            
	
                              
                              æ³¢å½¢èˆ‡å‡½æ•¸ç”¢ç”Ÿå™¨
                            
	
                              
                              ä»»æ„�æ³¢å½¢ç”¢ç”Ÿå™¨
                            
	
                              
                              è„ˆè¡�ç”¢ç”Ÿå™¨
                            
	
                              
                              HEV/EV/Grid æ¨¡æ“¬å™¨å’Œæ¸¬è©¦ç³»çµ±
                            
	
                              
                              ç›´æµ�é›»æº�ä¾›æ‡‰å™¨
                            
	
                              
                              é›»æº�é‡�æ¸¬è¨å‚™
                            
	
                              
                              ç›´æµ�é›»å�è² è¼‰
                            
	
                              
                              äº¤æµ�é›»æº�
                            


                      

                    
	
                      
                        
                        
                          

                          è»Ÿé«”
                        
                      
                      
                      
                        	
                              
                              EDA è»Ÿé«”
                            
	
                              
                              å„€å™¨é‡�æ¸¬è»Ÿé«”
                            
	
                              
                              å„€å™¨å·¥ä½œæµ�ç¨‹è»Ÿé«”
                            
	
                              
                              è»Ÿé«”æ¸¬è©¦
                            
	
                            
                              
                              æ‰€æœ‰è¨è¨ˆå�Šæ¸¬è©¦è»Ÿé«”  
                            
                            
                          


                      

                    
	
                      
                      
                        
                          

                          ç„¡ç·šç”¢å“�
                        
                      
                      
                        	
                              
                              é€šé�“æ¨¡æ“¬è§£æ±ºæ–¹æ¡ˆ
                            
	
                              
                              ç‰©è�¯ç¶²æ³•è¦�ç›¸ç¬¦æ€§æ¸¬è©¦è§£æ±ºæ–¹æ¡ˆ
                            
	
                              
                              ç„¡ç·šè·¯æ¸¬
                            
	
                              
                              ç„¡ç·šå˜å�–èˆ‡æ ¸å¿ƒç¶²è·¯æ¸¬è©¦
                            
	
                              
                              ç„¡ç·šåˆ†æž�å„€
                            
	
                              
                              ç„¡ç·šç¶²è·¯æ¨¡æ“¬å™¨
                            
	
                              
                              5G NR åŸºåœ°å�°æ¸¬è©¦
                            
	
                              
                              ç©ºä¸å‚³è¼¸æ¸¬è©¦
                            


                      

                    
	
                      
                        
                        
                          

                          æ¨¡çµ„åŒ–å„€å™¨
                        
                      
                      
                      
                        	
                              
                              PXI ç”¢å“�
                            
	
                              
                              AXIe ç”¢å“�
                            
	
                              
                              è³‡æ–™æ“·å�–ç³»çµ±DAQ
                            
	
                              
                              USB ç”¢å“�
                            
	
                              
                              VXI ç”¢å“�
                            
	
                              
                              å�ƒè€ƒè§£æ±ºæ–¹æ¡ˆ
                            
	
                            
                              
                              æ‰€æœ‰æ¨¡çµ„åŒ–ç³»çµ±  
                            
                            
                          


                      

                    
	
                      
                        
                        
                          

                          ç¶²è·¯æ¸¬è©¦èˆ‡å®‰å…¨é˜²è·
                        
                      
                      
                      
                        	
                              
                              æ‡‰ç”¨èˆ‡å¨�è„…æƒ…å ±
                            
	
                              
                              é›²ç«¯æ¸¬è©¦
                            
	
                              
                              ç¶²è·¯è¨“ç·´æ¨¡æ“¬å™¨
                            
	
                              
                              ç¶²è·¯æ¸¬è©¦æ–¹æ¡ˆç¡¬é«”
                            
	
                              
                              å�ˆæˆ�æµ�é‡�ç”¢ç”Ÿå™¨
                            
	
                              
                              å�”å®šèˆ‡è² è¼‰æ¸¬è©¦
                            
	
                              
                              ç¶²è·¯å®‰å…¨æ¸¬è©¦
                            
	
                              
                              ç¶²è·¯å»ºæ¨¡
                            
	
                            
                              
                              å…¨éƒ¨ç¶²è·¯å®‰å…¨å’Œæ¸¬è©¦   
                            
                            
                          


                      

                    
	
                      
                        
                        
                          

                          ç¶²è·¯å�¯è¦–åŒ–
                        
                      
                      
                      
                        	
                              
                              æ—�è·¯äº¤æ�›å™¨
                            
	
                              
                              Clock Synchronization
                            
	
                              
                              é›²ç«¯å�¯è¦–åº¦
                            
	
                              
                              Network and Application Monitoring
                            
	
                              
                              ç¶²è·¯å°Žæµ�è¨å‚™
                            
	
                              
                              ç¶²è·¯åˆ†æµ�å™¨ -Keysightæ˜¯å¾·ç§‘æŠ€
                            
	
                            
                              
                              æ‰€æœ‰ç¶²è·¯å�¯è¦–åŒ–ç”¢å“�  
                            
                            
                          


                      

                    
	
                      
                        
                        
                          

                          æœ�å‹™
                        
                      
                      
                      
                        	
                              
                              KeysightCare
                            
	
                              
                              æ ¡é©—æœ�å‹™
                            
	
                              
                              ç¶ä¿®æœ�å‹™
                            
	
                              
                              æŠ€è¡“æ›´æ–°æœ�å‹™
                            
	
                              
                              æ¸¬è©¦å�³æœ�å‹™ â€“ TaaS
                            
	
                              
                              ç¶²è·¯/å®‰å…¨æœ�å‹™
                            
	
                              
                              è«®è©¢æœ�å‹™
                            
	
                              
                              Financial Services
                            
	
                              
                              Education Services
                            
	
                              
                              Keysight Support Portal
                            
	
                              
                              Used Equipment
                            
	
                            
                              
                              æ‰€æœ‰æœ�å‹™  
                            
                            
                          


                      

                    
	
                      
                      
                        
                          

                          æ–°å¢žç”¢å“�
                        
                      
                      
                        	
                              
                              ç·šä¸Šæ¸¬è©¦ç³»çµ±
                            
	
                              
                              ç‰¹å®šæ‡‰ç”¨æ¸¬è©¦ç³»çµ±èˆ‡å…ƒä»¶
                            
	
                              
                              å�ƒæ•¸æ¸¬è©¦è§£æ±ºæ–¹æ¡ˆ
                            
	
                              
                              å…‰æ¸¬è©¦èˆ‡æ¸¬é‡�ç”¢å“�
                            
	
                              
                              é›·å°„å¹²æ¶‰å„€èˆ‡æ ¡é©—ç³»çµ±
                            
	
                              
                              å–®ç‰‡é�³å°„å�ˆè·¯å™¨èˆ‡ç²¾å¯†å…‰å¸å™¨ä»¶
                            
	
                              
                              MMIC æ¯«ç±³æ³¢èˆ‡å¾®æ³¢è£�ç½®
                            


                      

                    
	
                      
                      
                        æ‰€æœ‰ç”¢å“�ã€�è»Ÿé«”ã€�æœ�å‹™
                         
                      
                    


                

              

            
          
	
            
            å¸ç¿’
			      
            
            
              
                
                  	
                      
                      
                        

                        è³‡æº�
                      
                    
	
                      
                      
                        

                        ä½¿ç”¨æ¡ˆä¾‹
                      
                    
	
                      
                      
                        

                        ç”¢æ¥
                      
                    
	
                      
                      
                        

                        æ´»å‹•
                      
                    
	
                      
                      
                        
                          

                          éƒ¨è�½æ ¼
                        
                      
                      
                        	
                              ç”¢å“�é ˜åŸŸ
                              
                            
	
                              ç”¢æ¥
                              
                            
	
                              Inside Keysight
                              
                            


                      

                    
	
                      
                      
                        

                        æ˜¯å¾·ç°¡ä»‹
                      
                    


                

              

            
          
	
            
            æ”¯æ�´
			      
            
              
                
                  
                  	
                          
                          
                            

                             æ˜¯å¾·ç§‘æŠ€ç”¢å“�æ”¯æ�´
                          
                        
	
                          
                          
                            

                             Software Download Center
                          
                        


                

              

            
            
          


      

    

  
 
  
  
    
  
  
  

  
  	æ¡è¿Žç™»å…¥
	
	|
	
    	
            Exit Procurement Session
        
        
        	
            		View and Transfer Cart
	Discard Cart and End Procurement Session


				
            

        

	

  


  
    













    
    

    






    
        
            
                
            

            
                
                    
                        



    
    





    
        
            
                
    


   
                    
                        
                        
                            
                                
                                

                                
                                
                                
                                
                                    
                                    
                                    
                                
                                
                            

                    

                
                    

    






    
        
            
                
                
                    è§€çœ‹
                
            

            
        



    





 
                    

    




    
        
            
                
                
                    ä¸‹è¼‰
                
            

            
        



    





                

            

            
                Techniques for Time Domain Measurements

                æ‡‰ç”¨èªªæ˜Ž

                
                    Introduction

Components and subsystems of communication or radar systems need to achieve a certain level of specified electrical performance across the operating frequency range to pass testing and qualification. These specifications include, but are not limited to, voltage standing wave ratio (VSWR), return loss (RL), and insertion loss (IL). These specifications make it clear when the device under test (DUT) passes or fails its performance requirements as a function of frequency.

While a frequency measurement provides useful information, the sweeping frequency may not provide enough information to determine the root cause of a problem. When a system fails to meet specifications, troubleshooting is challenging due to component swapping until performance meets the specified requirements. Fortunately, there is another measurement technique that provides details into the location and magnitude of any such challenges.

This technique relies on measurements in the time domain â€” FieldFox can easily display the time domain characteristics of one and two-port components and systems.
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Time Domain Measurement Basics

A time-domain analysis is very useful to observe the effects of mismatch along with a transmission line system. When an RF or microwave signal propagates along a transmission line, a portion of the signal reflects back from any discontinuities encountered along the path. Using time-domain analysis, the location of each discontinuity displays as a function of time along the x-axis â€” the amplitude of the reflected signal, or S11 plots along the y-axis.

Knowing the propagation velocity along the transmission line allows the FieldFox to scale the time measurement to physical distance. It is also possible to examine the time domain response of a transmitted signal or S21. However, this measurement requires a two-port connection. Due to distance constraints, field engineers cannot usually access two ports of a system. Because of that limitation, this application note primarily focuses on the time domain response of reflection measurements using one port.

The FieldFox can represent the measurement from any one-port or two-port device in the time domain and the frequency domain. If a measurement occurs in one domain, then the FieldFox calculates the other domain using a well-known mathematical technique called the Fourier Transform (FT). This transform provides a universal problem-solving method that allows you to examine a particular measurement from an entirely different viewpoint. If you record a measurement using a time-domain method, then an FT calculation results in a frequency domain representation of the data.

Alternatively, if you initially capture frequency domain data, then an Inverse FT (IFT) results in a time-domain representation of the data. Simultaneously displaying the same data in time and frequency creates a powerful analysis and problem-solving tool. Fortunately, modern test instrumentation, such as an NA, includes this mathematical transformation as part of the firmware. This feature allows users to display either time-domain data or frequency domain data or both.

Instruments with time-domain capabilities

There are two basic instruments capable of displaying the time domain response of individual discontinuities along with a transmission system â€” the time domain reflectometer (TDR) and the NA. A TDR uses a traditional method of launching an impulse or a step waveform into the test device and directly measures the response as a function of time. A fast edge launches into the transmission line when using a step generator and broadband oscilloscope. The broadband oscilloscope monitors the incident and reflected voltage waves and displays the position of each discontinuity as a function of time.

An NA, such as the FieldFox NA mode, is primarily a frequency domain instrument with the capability of measuring the reflected and transmission characteristics of one- and two-port devices. Using error-corrected data measured in the frequency domain, the FieldFox calculates the response of a network to an impulse or step function using the IFT. It then displays the response as a function of time. As the NA uses narrowband measurement receivers, the dynamic range is higher than oscilloscope-based TDR systems. Also, an NA includes time-domain capabilities for measuring band-limited devices, called bandpass mode, which we will discuss later in this application note. Lastly, there is a configuration of the FieldFox, known as cable and antenna (CAT) mode, which performs the same frequency-to-time domain transformation but scales the time measurements to an equivalent physical distance. This measurement aids the user in quickly locating faults in RF and microwave transmission lines in the field.

Measurement example using a horn antenna

Figure 3 shows a test configuration for an examination of the frequency domain and time domain responses of an over-the-air measurement. It uses an X-band waveguide horn antenna and a separate metal plate placed near the antenna. The high-gain horn antenna connects to a short length of WR-90 waveguide transmission line, and the transmission line attaches to a wave- guide-to-coaxial adapter for connection to the NA. Calibrate the NA for S11 at the plane where the adapter connects to the instrument port.
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