


Vector network analyzers (VNAs) are increasingly being used for 

impedance measurements of electronic components and circuits, 

especially in R&D environments where the versatility and flexibility of the 

VNA-based solution are preferred. This presentation introduces the 

impedance measurement solution of the E5061B-3L5 ENA Series LF-RF 

network analyzer, and discuss how to get the most of its impedance 

measurement capabilities for better measurements. 
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Before starting the discussion on the impedance measurement, letôs 

quickly look at the product overview of the E5061B-3L5 LF-RF network 

analyzer. 

 



The E5061B-3L5 offers versatile network analysis in the broad frequency 

range from 5 Hz to 3 GHz. Comprehensive LF network measurement 

capabilities including built-in 1 Mohm inputs have been seamlessly 

integrated with the high-performance RF network analyzer. This slide 

summarizes key features of the E5061B-3L5.  
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The E5061B-3L5 has two kinds of test ports; the S-parameter test port 

(Port 1 and 2) and the gain-phase test port. The S-parameter test port 

has a 50 ohm built-in S-parameter test set that seamlessly covers a 

broad frequency range from 5 Hz to 3 GHz. While providing an excellent 

RF performance equivalent to other RF VNAs, the E5061B-3L5ôs S-

parameter test port offers much wider frequency coverage down to 5 Hz 

and better dynamic range in the low to middle frequency range below 10 

MHz. 
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The gain-phase test port has reference and test receiver inputs whose 

input impedance is switchable to 1 Mohm or 50 ohm. The frequency 

range is 5 Hz to 30 MHz. The most typical application is the frequency 

response analysis for low-frequency devices and circuits, such as OP 

amps  and control loop circuits of DC-DC converters. 
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And the E5061Bôs function we discuss in this presentation is the E5061B-

005 impedance analysis function, which is a firmware option dedicated to 

the E5061B-3L5 LF-RF network analyzer. This impedance analysis 

function fully supports basic functionalities of the impedance analyzer. In 

addition, by supporting multiple impedance measurement methods, it 

covers a variety of impedance measurement applications. 

 

The E5061B-3L5/005 primarily targets at a simple and convenient VNA-

based impedance measurement solution for general R&D use, in contrast 

to dedicated impedance analyzers which pursue an ultimate impedance 

measurement performance. In many applications, however, the E5061B-

3L5/005 allows you to perform very accurate impedance measurements 

comparable to the dedicated impedance analyzers by properly selecting 

the measurement method and optimizing measurement conditions 

including the calibration and fixturing. Furthermore, this impedance 

analysis solution offers unique capabilities such as a very wide frequency 

coverage and a milliohm impedance measurement.  
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Now letôs see more details about the E5061Bôs impedance measurement 

methods.  
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The first two slides quickly review the measurement methods of 

impedance analyzers. 

  

Low-frequency impedance analyzers/LCR meters such as the 4294A 

employ the auto balance bridge method. The negative feedback loop 

circuit maintains the potential at the low terminal to virtual ground (zero 

volt), which eliminates the stray capacitance at this point and enables the 

voltmeters V1 and V2 to accurately measure the voltage and current at 

the DUT. Also, the auto ranging capability provides a very wide 

measurement range with an excellent linearity. Thus, the auto balance 

bridge method offers very high accuracy in the very wide impedance 

range. The frequency range is up to 110 MHz  

 

Note that the actual auto balance bridge is a more complicated feedback 

loop circuit than the very simplified OP-amp model shown here. 
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RF impedance analyzers/LCR meters such as the E4991A employ the 

RF I-V method. With the combination of the source/receiver mainframe 

and the test head module which senses high-frequency current and 

voltage at the very close location to the DUT, the RF I-V method offers 

higher measurement accuracy and wider measurement range than the 

VNA-based reflection method. However, this method is not applicable to 

the low frequency range because the current is sensed with a 

transformer.    

 

Next, letôs see the impedance measurement methods supported by the 

E5061B-3L5/005 network analyzer. 
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