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                Impedance Measurement Handbook

                åº”ç”¨æ–‡ç« 

                
                    Impedance measurement data helps engineers design circuits and systems that require specific resistance, capacitance, and inductance values to perform optimally. To maximize power transfer and minimize reflections in radio frequency (RF) devices, engineers must impedance match each component in the RF chain.

 

What is electrical impedance?

Engineers use impedance measurements to characterize electronic circuits, components, and materials. In RF applications, engineers generally define impedance (Z), represented as a complex quantity in the vector plane, as the total opposition a device or circuit offers to the flow of an alternating current (AC) at a given frequency. Engineers select a particular impedance measurement technique according to the required test frequency, impedance parameter, and preferred display parameters.

 

This application note shows reference solutions that include currently available products and discontinued and/or obsolete products to leverage Keysightâ€™s impedance measurement expertise for specific application requirements. Whatever application or industry you work inâ€”from circuit design and signal integrity to manufacturing or biomedical applicationsâ€”Keysight offers excellent performance and high reliability to give you confidence when making impedance measurements.

 

Starting with impedance measurement basics, this paper begins by defining impedance and impedance parameters, the fundamentals of impedance measurements, and passive component theoretical and natural behaviorâ€”including parasitics and ideal, real, and measured values.

 

An impedance vector consists of a real part (resistance, R) and an imaginary part (reactance, X). We express impedance using the rectangular-coordinate form R + jX or the polar form as a magnitude and phase angle: |Z|_ Î¸. In some cases, using the reciprocal of impedance proves mathematically expedient.  Thus, 1/Z = 1/(R + jX) = Y = G + jB, where Y represents admittance, G conductance, and B susceptance. Impedance measurements use the unit of ohms (â„¦), while admittance uses Siemens (S). Impedance proves especially useful for representing a series connection of resistance and reactance as a simple sum of R and X. Admittance better represents parallel connections.

 

Reactance takes two forms: inductive (XL) and capacitive (Xc). By definition, XL = 2Ï€fL and Xc = 1/(2Ï€fC), where f represents the frequency of interest, L indicates inductance and C capacitance. Substitute 2Ï€f for by the angular frequency (Ï‰: omega) to represent XL = Ï‰L and Xc =1/(Ï‰C). A similar reciprocal relationship applies to susceptance and admittance.

 

From these definitions, the application note expands on component dependency factors (such as test, test signal level, DC bias, and temperature) and equivalent circuit models for common components like capacitors and inductors.

 

How do you measure impedance?

After defining the terminology and relationships between impedance parameters, this document covers impedance measurement fundamentals. To find the impedance, we need to measure at least two values, given the impedanceâ€™s complex nature. Many modern impedance measuring instruments measure the real and the imaginary parts of an impedance vector and then convert them into the desired parameters such as |Z|, Î¸, |Y|, R, X, G, B, C, and L.

 

This paper details impedance measurement circuit modes, test instruments, three-element equivalent circuits and sophisticated component models, and common measurement methods, including:

	bridge impedance measurements
	resonant impedance measurements
	I-V impedance measurements
	RF I-V impedance measurements
	network analysis measurements
	auto-balancing bridge impedance measurements


 

The bridge impedance measurement method, common in standard labs, offers high accuracy at a low cost. However, bridge impedance measurements need manual balancing and only offer narrow frequency coverage with a single instrument.

 

Resonant impedance measurements provide good Q accuracy up to high Q but require tuning to resonance. The resonant impedance measurement method also suffers from low impedance measurement accuracy.

 

I-V impedance measurements enable grounded device measurement and compatibility with probe-type test needs. As such, developers working with grounded devices prefer this method. However, using the I-V impedance measurement method, the probe transformer limits the operating frequency range.

 

RF I-V, network analysis, and auto-balancing bridge impedance measurement methods best serve engineers working on RF component characterization. RF I-V impedance measurements deliver high accuracy and a broad impedance range (mâ„¦ to Mâ„¦) at high frequencies. Like the I-V impedance measurement method, though, the transformer used in the test head limits the operating frequency range.  

 

The network analysis impedance measurement method covers a frequency range from low-frequency (LF) to RF, along with good accuracy when the unknown impedance appears close to the characteristic impedance. Unfortunately, network analyzers require recalibration after altering the measurement frequency and only allow for a narrow impedance measurement range.

 

Auto-balancing bridge impedance measurements offer wide frequency coverage from LF to high frequency (HF) while maintaining exceptionally high accuracy over a wide impedance measurement range (mâ„¦ to the order of 100 Mâ„¦). They also enable grounded device measurement like the I-V method but lack support for high-frequency range testing.

 

What instrument is used to measure impedance?

Further in the paper, we delve into the theory behind RF I-V impedance measurements, network analysis, and auto-balancing bridge impedance measurements in particular, given their relevance to the various Keysight solutions, including capacitance meters, LCR meters, impedance analyzers, and network analyzers.

 

LCR meters and impedance analyzers differ primarily by display properties. An LCR meter displays numeric data, while an impedance analyzer displays data in either numeric or graphic formats. Alternatively, standard VNAs offer the function to calculate impedance from measured S-parameter data, though Keysight ENA series network analyzers support various applications for impedance and network analysis on a single platform.

 

Our discussion of impedance measurement solutions includes reactance charts, the operating theory of practical instruments, key measurement functions, fixturing and cabling, and measurement error compensation.

 

What is a system configuration for impedance measurement?

Frequently, the system configured for impedance measurements uses the following components:

 

	impedance measurement instrument
	cables and adapter interfaces
	test fixture


 

Finally, this application note concludes with recommendations for impedance measurement enhancements for various applications, including:

 

	capacitors
	inductors
	transformers
	diodes
	MOSFETs
	batteries


 

Read this handbook to find the best measurement methodology and instruments for your impedance measurement needs. 
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United States
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Canada
India
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Australia
South Africa
France
Germany
Singapore
Sweden
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Belarus
Belgium
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Congo
Congo, The Dem. Republic Of
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CÃ´te d'Ivoire
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Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
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El Salvador
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French Polynesia
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Haiti
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Hong Kong, China
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Ireland
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Italy
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Japan
Jordan
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Kiribati
Korea (South)
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Kyrgyzstan
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Lesotho
Liberia
Libya
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Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Maldives
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Malta
Marshall Islands
Martinique
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Mauritius
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Mexico
Micronesia
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Mongolia
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Morocco
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Myanmar
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Nauru
Nepal
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
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Norfolk Island
Norway
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Palestinian Territory, Occupied
Panama
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Paraguay
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Philippines
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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
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                Note: Clearing your browser cache will reset your access. To regain access to the content, simply sign up again.
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                A sales representative will contact you soon.
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