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Introduction

There are often times when you need to quickly check or evaluate the DC to RF performance of components and circuits which were previously analyzed with a dedicated impedance analyzer. The convenience of impedance analysis capabilities built into a network analyzer would address this scenario by providing enough dynamic range and RF performance to ensure reliability, signal integrity, and EMI performance of your system.



Whether you need to measure basic S-parameters or analyze device or circuit impedance, a vector network analyzer (VNA) with the right mix of speed and performance will give you an edge. In R&D and on the production line, Keysight ENA vector network analyzers provide the throughput, repeatability, and reliability you need to perform accurate, dependable tests that transform parts into competitive components. The E5061B ENA vector network analyzer covers 5 Hz up to 3.0 GHz (Option 3L5), addressing low-frequency (LF) and radio-frequency (RF) measurements. With the impedance analysis capability (Option 005), the E5061B addresses a wide range of LF and RF applications.



This application note describes five common impedance analysis approaches used with impedance analyzers and network analyzers. It also describes how and when to use the E5061B for impedance analysis. Major topics include test ports, impedance analysis capabilities, measurement methods, and calibration techniques. The note concludes with a variety of examples ranging from basic component measurements (e.g., inductors and capacitors) to in-circuit impedance measurements.



Performing Impedance Analysis with the E5061B

The E5061B offers versatile network analysis capabilities from 5 Hz to 500 MHz (Option 3L3), 1.5 GHz (Option 3L4), or 3.0 GHz (Option 3L5). Comprehensive LF measurement capabilities such as built-in 1 Mâ„¦ inputs are seamlessly integrated with the high-performance network analyzer architecture. Core features include S-parameter test ports (50 â„¦), a gain-phase test port (switchable between 50 â„¦ and 1 Mâ„¦), and a DC bias source (up to Â±40 Vdc).





Adding impedance analysis:

For an E5061B configured with any of the LF-RF network analysis optionsâ€”3L3, 3L4, or 3L5 (â€œ3Lxâ€� collectively)â€”Option 005 provides impedance analysis (ZA) firmware. The combination of NA and ZA capabilities further enhances the analyzerâ€™s versatility as a general-purpose R&D tool.



Adding the ZA firmware enables the analyzer to measure impedance parameters of electronic components such as capacitors, inductors, and resonators. Additional functionality includes fixture compensation and equivalent circuit analysis. Biased impedance measurements are possible with the built-in DC bias source provided by options 3L3, 3L4, and 3L5.



With any of the frequency options, E5061B-005 cannot match the ultimate overall performance of a dedicated impedance analyzer. However, it does enable you to apply measurement methods, calibration techniques, and fixturing choices that provide comparably accurate impedance measurements.

Comparing the test ports:

The E5061B-3Lx is equipped with two types of test ports: S-parameter and gain-phase. Letâ€™s take a closer look at each type.



The S-parameter test ports (Port 1 and 2) have a built-in 50-â„¦ test set that covers the analyzerâ€™s full frequency range (Figure 1). In the RF range, the E5061B provides excellent performance equal to that of similar analyzers. The E5061B particularly excels in the LFrange, providing coverage down to 5 Hz and better dynamic range in the low-to-middle range below 10 MHz for a thorough evaluation of one- and two-port devices such as filters, amplifiers, transformers, and antennas.



The gain-phase test port has reference and test receiver inputs with the ability to switch between 50 â„¦ and 1 Mâ„¦ input impedance (Figure 2). These are used to analyze the frequency response of low-frequency devices and circuits such as op-amps and the control-loop circuits of DC-to-DC converters.
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Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canary Islands
Cape Verde
Cayman Islands
Central African Republic
Chad
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Dem. Republic Of
Cook Islands
Costa Rica
CÃ´te d'Ivoire
Croatia
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands
Faroe Islands
Fiji
Finland
French Guiana
French Polynesia
French Southern Terr.
Gabon
Gambia
Georgia
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Heard/McDonald Isls.
Honduras
Hong Kong, China
Hungary
Iceland
Indonesia
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Kiribati
Korea (South)
Kuwait
Kyrgyzstan
Laos
Latvia
Lebanon
Lesotho
Liberia
Libya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia
Moldova
Monaco
Mongolia
Montserrat
Morocco
Mozambique
Myanmar
N. Mariana Isls.
Namibia
Nauru
Nepal
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Samoa
San Marino
Sao Tome/Principe
Saudi Arabia
Senegal
Serbia and Montenegro
Serbia
Montenegro
Seychelles
Sierra Leone
Slovak Republic
Slovenia
Solomon Islands
Somalia
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
St. Vincent and Grenadines
Suriname
Svalbard/Jan Mayen Isls.
Swaziland
Switzerland
Taiwan, China
Tajikistan
Tanzania
Thailand
Timor-Leste
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Turks/Caicos Isls.
Tuvalu
Uganda
Ukraine
United Arab Emirates
US Minor Outlying Is.
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Viet Nam
Virgin Islands (British)
Virgin Islands (U.S.)
Wallis/Futuna Isls.
Western Sahara
Yemen
Zambia
Zimbabwe


            

            
                
                
                    
                        íšŒì‚¬ëª…*í•„ìˆ˜ìž…ë ¥í•ëª©
                        
                    

                

            
                
            
                ì‚°ì—…êµ°*í•„ìˆ˜ìž…ë ¥í•ëª©
                ì„ íƒ�í•´ ì£¼ì‹ì‹œì˜¤.
í•ê³µìš°ì£¼/ë°©ìœ„ ì‚°ì—…
ì˜¤í† ëª¨í‹°ë¸Œ
ê°€ì „
ë�°ì�´í„° ì„¼í„°/í�´ë�¼ìš°ë“œ ì‚¬ì—…ìž�
êµ�ìœ¡
ì „ìž� ì œí’ˆ ì œì¡°
ì—�ë„ˆì§€/ìœ í‹¸ë¦¬í‹°
ê¸ˆìœµ
ì •ë¶€/êµ°(Military)
IoT
ì�˜ë£Œ
ë„¤íŠ¸ì›Œí�¬ ìž¥ë¹„ ì œì¡°
ì–‘ìž� ì»´í“¨íŒ…
ìœ í†µ(ë¦¬í…Œì�¼)
ë°˜ë�„ì²´
ì†Œí”„íŠ¸ì›¨ì–´ ê°œë°œ
í†µì‹ /ëª¨ë°”ì�¼ ì‚¬ì—…ìž�
í…ŒìŠ¤íŠ¸ ëž©
êµ�í†µ/ìš´ì†¡


            

            
            
            
                í˜„ìž¬ ì§�ë¬´ì™€ ê´€ë ¨ë�œ ê²½ë ¥ ê¸°ê°„ì�„ ì•Œë ¤ì£¼ì‹ì‹œì˜¤.*í•„ìˆ˜ìž…ë ¥í•ëª©
                ì„ íƒ�í•´ ì£¼ì‹ì‹œì˜¤.
 2ë…„ ë¯¸ë§Œ
2 - 7 years
 > 7 years


            

            
            
            
                ì§�ì±…*í•„ìˆ˜ìž…ë ¥í•ëª©
                ì„ íƒ�í•´ ì£¼ì‹ì‹œì˜¤.
ê²½ì˜�ì§„
ìˆ˜ì„� ì—”ì§€ë‹ˆì–´/ë¶€ì„œìž¥
ì—”ì§€ë‹ˆì–´ë§� ê´€ë¦¬ìž�
ì‹¤ë¬´ìž�
í•™ìƒ�
ì»¨ì„¤í„´íŠ¸

   
            

            
            
            
                    ì£¼ìš” ì—…ë¬´*í•„ìˆ˜ìž…ë ¥í•ëª©
                    ì„ íƒ�í•´ ì£¼ì‹ì‹œì˜¤.
ë³´ë“œ ë ˆì�´ì•„ì›ƒ
ë””ì§€í„¸ : ê³ ì†� ì�¸í„°íŽ˜ì�´ìŠ¤
ë””ì§€í„¸ : ê´‘í†µì‹ 
IT/ì •ë³´ ê¸°ìˆ 
L2-7 ë„¤íŠ¸ì›Œí�¬ ì„¤ê³„/ìš´ìš©
ì „ì›� : ë°°í„°ë¦¬ ë“œë ˆì�¸ ë¶„ì„�
ì „ì›� : ë³€í™˜ ë°� ì»¨ë””ì…”ë‹�
ì œí’ˆ : í•˜ë“œì›¨ì–´ í…ŒìŠ¤íŠ¸
ì œí’ˆ : ë‹¤ì¤‘ ì‹œìŠ¤í…œ í†µí•©
ì œí’ˆ : ì†Œí”„íŠ¸ì›¨ì–´ í…ŒìŠ¤íŠ¸
í’ˆì§ˆ ë³´ì¦�
RF : ì•„ë‚ ë¡œê·¸/í˜¼í•© ì‹ í˜¸
RF : í˜„ìž¥ í…ŒìŠ¤íŠ¸
ë°˜ë�„ì²´ í…ŒìŠ¤íŠ¸
Software: Development
ì†Œí”„íŠ¸ì›¨ì–´ : í†µí•©
ë¹„ê¸°ìˆ ì§�(Non-Engineer)

       
            

            
            
            
                ì§�ì¢…*í•„ìˆ˜ìž…ë ¥í•ëª©
                ì„ íƒ�í•´ ì£¼ì‹ì‹œì˜¤.
êµ�ìœ¡(êµ�ìˆ˜/í•™ê³„)
ì–´í”Œë¦¬ì¼€ì�´ì…˜ ê´€ë¦¬
íšŒë¡œ ì„¤ê³„ ë°� ë ˆì�´ì•„ì›ƒ
ë””ì§€í„¸ ì„¤ê³„
ì „ìž� ì œì¡°
í˜„ìž¥ ì—”ì§€ë‹ˆì–´
ìµœì¢… ì‹œìŠ¤í…œ í…ŒìŠ¤íŠ¸
ì�¸ì‚¬/ìž¬ë¬´/ë²•ë¥ 
ì‹¤í—˜ì‹¤(Lab) ê´€ë¦¬
ë§ˆì¼€íŒ…/ì˜�ì—…
ë„¤íŠ¸ì›Œí�¬/ë³´ì•ˆ ì„¤ê³„
ë„¤íŠ¸ì›Œí�¬/ë³´ì•ˆ ìš´ìš©
ì „ë ¥ ì„¤ê³„
Procurement
Product Management
RFì„¤ê³„
ì†Œí”„íŠ¸ì›¨ì–´ ì—”ì§€ë‹ˆì–´
í•™ìƒ�
í…ŒìŠ¤íŠ¸ ì—”ì§€ë‹ˆì–´/ê¸°ìˆ ìž�
ë¹„ê¸°ìˆ ì§�(Non-Engineer)

            
            

            
            
            
                ìµœì‹  ì œí’ˆ, ë¦¬ì†ŒìŠ¤ ë°� ì�´ë²¤íŠ¸ì—� ëŒ€í•œ ê´‘ê³ ì„± ì •ë³´ ìˆ˜ì‹          
            

            
              
                    
                         ì†”ë£¨ì…˜ ê´€ë ¨ ì˜�ì—… ì‚¬ì›� ë˜�ëŠ” ëŒ€ë¦¬ì �ì�„ í†µí•œ ì—°ë�½ì—� ë�™ì�˜í•˜ì‹ë‹ˆê¹Œ?
                        ì•„ë‹ˆì˜¤, ë‹¤ì�Œì—� í•˜ê² ìŠµë‹ˆë‹¤.    
                        ì˜ˆ
                    
 
                    
                        
                            ì„ í˜¸í•˜ëŠ” ì—°ë�½ë°©ë²•ì�„ ì„ íƒ�í•´ ì£¼ì‹ì‹œì˜¤. *í•„ìˆ˜ìž…ë ¥í•ëª©
                            
                                
                                ì�´ë©”ì�¼
                            

                            
                                ì„ í˜¸í•˜ëŠ” ì—°ë�½ë°©ë²•ì�„ ì„ íƒ�í•´ ì£¼ì‹ì‹œì˜¤.
                                
                                    
                                    ì „í™”*í•„ìˆ˜ìž…ë ¥í•ëª©
                                
 
                                
                            

                        

                    

                    ë‹´ë‹¹ ì˜�ì—…ê³¼ì�˜ ìƒ�ë‹´ì�„ ìš”ì²í•©ë‹ˆë‹¤.

                

                
            
            
                [í‚¤ì‚¬ì�´íŠ¸ ê°œì�¸ì •ë³´ ìˆ˜ì§‘ ë°� ì�´ìš©]


Â 1. ê°œì�¸ì •ë³´ ìˆ˜ì§‘ ë°� ì�´ìš© ë�™ì�˜


Â 2. í‚¤ì‚¬ì�´íŠ¸ íŒŒíŠ¸ë„ˆ ì—…ë¬´ ìœ„íƒ� ë�™ì�˜


Â 3. í‚¤ì‚¬ì�´íŠ¸ í•´ì™¸ ë³¸ì‚¬ ë°� ì§€ì‚¬ ì œê³µ ë�™ì�˜



"ì œì¶œ"ì�„ í�´ë¦í•˜ì‹œë©´ ê°œì�¸ì •ë³´ ìˆ˜ì§‘ ë°� ì�´ìš©ì—� ë�™ì�˜í•œ ê²ƒìœ¼ë¡œ ê°„ì£¼í•©ë‹ˆë‹¤. ë³´ë‹¤ ìž�ì„¸í•œ ë‚´ìš©ì�€ í™ˆíŽ˜ì�´ì§€ í•˜ë‹¨ì�˜ ê°œì�¸ì •ë³´ë³´í˜¸ì •ì±… ì�„ ì°¸ì¡°í•˜ì‹œê¸° ë°”ëž�ë‹ˆë‹¤.

            
            
            
            
            
 
            
            
                
                
                	
                	
                	
                	
                	
                	
                	
                	
                	
                	
                	
                	
                
                
                
                
                
                
                
                
                
                
                
                
            
             
            
            
            
            
            
            
                 
             
            
            
            

            
        

        
                ê°�ì‚¬í•©ë‹ˆë‹¤!

                ê·€í•˜ì�˜ ì–‘ì‹�ì�´ ì„±ê³µì �ìœ¼ë¡œ ì œì¶œë�˜ì—ˆìŠµë‹ˆë‹¤.

                
                    
                

                Note: Clearing your browser cache will reset your access. To regain access to the content, simply sign up again.

            

        

    




    






    






    ì˜�ì—…íŒ€ì—� ë¬¸ì�˜
    
        
            ×

            íŒ�ë§¤ ë¬¸ì�˜ ë¶€íƒ�ë“œë¦½ë‹ˆë‹¤.

            *Indicates required field

            
                
                
                
                
                
        
            
                    
                        
                            ì„ í˜¸í•˜ëŠ” ì—°ë�½ë°©ë²•ì�„ ì„ íƒ�í•´ ì£¼ì‹ì‹œì˜¤. *í•„ìˆ˜ìž…ë ¥í•ëª©
                            
                                Preferred method of communication?
                                
                                
                                    ì�´ë©”ì�¼ ë³€ê²½í•˜ê¸°
                                ì�´ë©”ì�¼
                                   
                            

                                
                                    Preferred method of communication?
                                    
                                    ì „í™”*í•„ìˆ˜ìž…ë ¥í•ëª©ì „í™”ë²ˆí˜¸ëŠ” ìˆ«ìž�ë§Œ ìž…ë ¥í•´ ì£¼ì„¸ìš”. (ê³µë°±, íŠ¹ìˆ˜ë¬¸ìž� ì œì™¸)
                                    
                                

                        

                    

                    
                        ìµœì‹  ì œí’ˆ, ë¦¬ì†ŒìŠ¤ ë°� ì�´ë²¤íŠ¸ì—� ëŒ€í•œ ê´‘ê³ ì„± ì •ë³´ ìˆ˜ì‹          
                    

                [í‚¤ì‚¬ì�´íŠ¸ ê°œì�¸ì •ë³´ ìˆ˜ì§‘ ë°� ì�´ìš©]


Â 1. ê°œì�¸ì •ë³´ ìˆ˜ì§‘ ë°� ì�´ìš© ë�™ì�˜


Â 2. í‚¤ì‚¬ì�´íŠ¸ íŒŒíŠ¸ë„ˆ ì—…ë¬´ ìœ„íƒ� ë�™ì�˜


Â 3. í‚¤ì‚¬ì�´íŠ¸ í•´ì™¸ ë³¸ì‚¬ ë°� ì§€ì‚¬ ì œê³µ ë�™ì�˜



"ì œì¶œ"ì�„ í�´ë¦í•˜ì‹œë©´ ê°œì�¸ì •ë³´ ìˆ˜ì§‘ ë°� ì�´ìš©ì—� ë�™ì�˜í•œ ê²ƒìœ¼ë¡œ ê°„ì£¼í•©ë‹ˆë‹¤. ë³´ë‹¤ ìž�ì„¸í•œ ë‚´ìš©ì�€ í™ˆíŽ˜ì�´ì§€ í•˜ë‹¨ì�˜ ê°œì�¸ì •ë³´ë³´í˜¸ì •ì±… ì�„ ì°¸ì¡°í•˜ì‹œê¸° ë°”ëž�ë‹ˆë‹¤.

                
                
                    
                        
                        
                    
                    
                    
                    
                    
                    
                    
                

                
                    
                        
                        
                        
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                    
                     
                    
                    
                    
                    
                    
                    
                         
                     
                    
                    
                    

                

                
                
            

            
                ê°�ì‚¬í•©ë‹ˆë‹¤!

                A sales representative will contact you soon.
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