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                Basics of Measuring the Dielectric Properties of Materials

                åº”ç”¨æ–‡ç« 

                
                    Introduction 

A wide variety of industries need a better understanding of the materials they are working with to shorten design cycles, improve incoming inspection, process monitoring, and quality assurance. Every material has a unique set of electrical characteristics that are dependent on its dielectric properties. Accurate measurements of these properties can provide scientists and engineers with valuable information to properly incorporate the material into its intended application for more solid designs or to monitor a manufacturing process for improved quality control. 

A dielectric materials measurement can provide critical design parameter information for many electronics applications. For example, the loss of a cable insulator, the impedance of a substrate, or the frequency of a dielectric resonator can be related to its dielectric properties. The information is also useful for improving ferrite, absorber and packaging designs. More recent applications in the area of aerospace, automotive, food and medical industries have also been found to benefit from knowledge of dielectric properties. 

Keysight Technologies, Inc. offers a variety of instruments, fixtures, and software to measure the dielectric properties of materials. Keysight measurement instruments, such as network analyzers, impedance analyzers, and LCR meters range in frequency up to 1.1 THz. Fixtures to hold the material under test (MUT) are available that are based on coaxial probe, parallel plate, coaxial/waveguide transmission lines, free space, and resonant cavity methods. The table below shows product examples that can be measured by Keysightâ€™s material test solutions. 

Dielectric Theory  

The material properties that will be discussed here are permittivity and permeability. Resistivity is another material property that will not be discussed here. Information about resistivity and its measurement can be found in the Solutions for Measuring Permittivity and Permeability with LCR Meters and Impedance Analyzers application note. It is important to note that permittivity and permeability are not constant. They can change with frequency, temperature, orientation, mixture, pressure, and molecular structure of the material. 

Dielectric constant 

A material is classified as â€œdielectricâ€� if it has the ability to store energy when an external electric field is applied. If a DC voltage source is placed across a parallel plate capacitor, more charge is stored when a dielectric material is between the plates than if no material (a vacuum) is between the plates. The dielectric material increases the storage capacity of the capacitor by neutralizing charges at the electrodes, which ordinarily would contribute to the external field. The capacitance with the dielectric material is related to the dielectric constant. If a DC voltage source V is placed across a parallel plate capacitor (Figure 1), more charge is stored when a dielectric material is between the plates than if no material (a vacuum) is between the plates. 

Permeability 

Permeability (Î¼) describes the interaction of a material with a magnetic field. A similar analysis can be performed for permeability using an inductor with resistance to represent core losses in a magnetic material (Figure 4). If a DC current source is placed across an inductor, the inductance with the core material can be related to permeability. 

Some materials such as iron (ferrites), cobalt, nickel, and their alloys have appreciable magnetic properties; however, many materials are nonmagnetic, making the permeability very close to the permeability of free space (Î¼r = 1). All materials, on the other hand, have dielectric properties, so the focus of this discussion will mostly be on permittivity measurements.  
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                å›½å®¶æˆ–åœ°åŒº*å¿…å¡«é¡¹
                --è¯·é€‰æ‹©--
United States
United Kingdom
Canada
India
Malaysia
Netherlands
Australia
South Africa
France
Germany
Singapore
Sweden
Brazil
Afghanistan
Ã…land Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brit/Indian Ocean Terr.
Brunei Darussalam
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
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                --è¯·é€‰æ‹©--
èˆªç©ºèˆªå¤©/å›½é˜²ç”µå�
æ±½è½¦
æ¶ˆè´¹ç±»ç”µå�
æ•°æ�®ä¸å¿ƒ/äº‘æœ�åŠ¡æ��ä¾›å•†
æ•™è‚²
ç”µå�äº§å“�ç”Ÿäº§å•†
èƒ½æº�/åŸºç¡€è®¾æ–½
é‡‘èž�
æ”¿åºœéƒ¨é—¨
ç‰©è�”ç½‘ç”µå�äº§å“�
åŒ»ç–—/ä¿�å�¥
ç½‘ç»œè®¾å¤‡åˆ¶é€ å•†
é‡�å�æŠ€æœ¯
é›¶å”®/åŒ»ç–—
å�Šå¯¼ä½“
Â è½¯ä»¶å¼€å�‘
è¿�è�¥å•†
æµ‹è¯•å®žéªŒå®¤
äº¤é€šè¿�è¾“


            

            
            
            
                å·¥ä½œç»�éªŒ*å¿…å¡«é¡¹
                --è¯·é€‰æ‹©--
 < 2 å¹´
2 - 7 years
 > 7 years


            

            
            
            
                å·¥ä½œç±»åˆ«*å¿…å¡«é¡¹
                --è¯·é€‰æ‹©--
è¡Œæ”¿ç®¡ç�†
æ€»å·¥ç¨‹å¸ˆ/éƒ¨é—¨ä¸»ç®¡
æŠ€æœ¯ç»�ç�†
è�Œå‘˜
å¦å‘˜
å’¨è¯¢é¡¾é—®

   
            

            
            
            
                    å·¥ä½œè�ŒåŠ¡å†…å®¹*å¿…å¡«é¡¹
                    --è¯·é€‰æ‹©--
ç‰ˆå›¾è®¾è®¡
æ•°å—ï¼šé«˜é€ŸæŽ¥å�£
æ•°å—ï¼šå…‰é€šä¿¡
IT/ä¿¡æ�¯æŠ€æœ¯
L2-7 ç½‘ç»œè®¾è®¡/è¿�è�¥
ç”µæº�ï¼šä½ŽåŠŸè€—åˆ†æž�
ç”µæº�ï¼šè½¬æ�¢å’Œè°ƒç�†
äº§å“�ï¼šç¡¬ä»¶æµ‹è¯•
äº§å“�ï¼šå¤šç³»ç»Ÿé›†æˆ�
äº§å“�ï¼šè½¯ä»¶æµ‹è¯•
è´¨é‡�ä¿�è¯�
å°„é¢‘ï¼šæ¨¡æ‹Ÿ/æ··å�ˆä¿¡å�·
å°„é¢‘ï¼šå¤–åœºæµ‹è¯•
å�Šå¯¼ä½“æµ‹è¯•
Software: Development
è½¯ä»¶é›†æˆ�
å…¶ä»–ï¼šé�žæŠ€æœ¯äººå‘˜

       
            

            
            
            
                å²—ä½�è�Œç§°*å¿…å¡«é¡¹
                --è¯·é€‰æ‹©--
å¦æœ¯ç ”ç©¶
åº”ç”¨ç¨‹åº�ç®¡ç�†
ç”µè·¯å’Œç‰ˆå›¾è®¾è®¡
æ•°å—äº§å“�è®¾è®¡å¸ˆ
ç”µå�äº§å“�ç”Ÿäº§è´¨æ£€
é”€å”®å·¥ç¨‹å¸ˆ
ç»ˆç«¯ç³»ç»Ÿæµ‹è¯•
äººåŠ›èµ„æº�/è´¢åŠ¡/æ³•åŠ¡
å®žéªŒå®¤ç®¡ç�†
å¸‚åœº/é”€å”®
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