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                Solutions for Measuring Permittivity and Permeability with LCR Meters and Impedance Analyzers

                åº”ç”¨æ–‡ç« 

                
                    Introduction 

Recently, electronic equipment technology has dramatically evolved to the point where an electronic componentâ€™s material characteristics become a key factor in a circuitâ€™s behavior. For example, in the manufacture of high capacitance multilayer ceramic capacitors (ML-CCs), which are being used more in digital (media) appliances, employing high Îº (dielectric constant) material is required. In addition, various electrical performance evaluations, such as frequency and temperature response, must be performed before the materials are selected.

In fields outside of electronic equipment, evaluating the electrical characteristics of materials has become increasingly popular. This is because the composition and chemical variations of materials such as solids and liquids can adopt electrical characteristic responses as substituting performance parameters.

A material evaluation measurement system is comprised of three main pieces. These elements include precise measurement instruments, test fixtures that hold the material under test, and software that can calculate and display basic material parameters, such as permittivity and permeability. Various measurement methods for permittivity and permeability currently exist (see Table 1). However, this noteâ€™s primary focus will be on methods that employ impedance measurement technology, which have the following advantages: 

	Wide frequency range from 20 Hz to 1 GHz
	High measurement accuracy
	Simple preparations (fabrication of material, measurement setup) for measurement 


This note begins by describing measurement methods, systems, and solutions for permittivity in Section 2, followed by permeability in Section 3. The resistivity measurement system and the permittivity measurement system for liquids are described later in the appendix.

Table of Contents:

	Permittivity Evaluation	Definition of permittivity
	Parallel plate measurement method of measuring permitivity
	Permittivity measurement system
	Measurement system using the 16451B dielectric test fixture
	Measurement system using the 16453A dielectric material test fixture



	Permeability Evaluation	Definition of permeability
	Inductance measurement method
	Permeability measurement system
	Measurement system using 16454A magnetic material test fixture



	Conclusion




Permittivity Evaluation

Definition of permittivity 

Permittivity describes the interaction of a material with an electric field. The principal equations are shown in Figure 1. Dielectric constant (Îº) is equivalent to the complex relative permittivity (Îµr*) or the complex permittivity (Îµ*) relative to the permittivity of free space (Îµ0). The real part of the complex relative permittivity (ÎµrÂ´) is a measure of how much energy from an external field is stored in a material; ÎµrÂ´ > 1 for most solids and liquids.

The imaginary part of the complex relative permittivity (ÎµrÂ´Â´) is called the loss factor and is a measure of how dissipative or lossy a material is to an external field. ÎµrÂ´Â´ is always> 0 and is usually much smaller than ÎµrÂ´. The loss factor includes the effects of both dielectric loss and conductivity.

When complex permittivity is drawn as a simple vector diagram as shown in Figure 1, the real and imaginary components are 90Â° out of phase. The vector sum forms an angle Î´ with the real axis (ÎµrÂ´). The tangent of this angle, tan Î´ or loss tangent, is usually used to express the relative â€œlossinessâ€� of a material. The term â€œdielectric constantâ€� is often called â€œpermittivityâ€� in technical literature. In this application note, the term permittivity will be used to refer to dielectric constant and complex relative permittivity.
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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“
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                --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
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