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                Measuring Dielectric Properties Using Keysight’s Materials Measurements Solutions

                Brochures

                
                     A wide variety of industries need a better understanding of the materials they are working with to shorten design cycles, 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. 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. More recent applications in the area of aerospace, automotive, food and medical industries have also been found to benefit from knowledge of dielectric properties.

The material evaluation systems that generate these measurements must combine precise measurement instruments, test fixtures that hold the material under test (MUT), and software that calculate and display material parameters. Keysight Technologies, Inc. offers you fast, accurate and often non-destructive solutions.

The measurement instruments, such as vector network analyzers, impedance analyzers and LCR meters provide accurate measurement results with wide frequency range up to 1.1 THz. Fixtures are available that are based on coaxial probe, parallel plate, coaxial/ waveguide transmission lines, free space and resonant cavity methods. The easy-to-use materials measurement software streamlines the process of measuring complex permittivity and permeability. The table below shows product examples that can be measured by Keysight’s material test solutions.

Measurement techniques

There are several measurement techniques that exist for measuring dielectric properties of materials. Users need to verify which technique is appropriate for their MUT. Keysight solutions cover all the measurement techniques.

Coaxial probe method

The coaxial probe method is best for liquids and semi-solid (powder) materials. The method is simple, convenient, non-destructive and with one measurement. A typical measurement system consists of a vector network analyzer or impedance analyzer, a coaxial probe and software. Both the software and the probe are included in the Keysight N1501A dielectric probe kit. Depending on the analyzer and probe used, we can measure from 10 MHz to 50 GHz.

The high temperature probe (a) withstands a wide -40 to +200°C temperature range. The large flange allows measurements of flat surfaced solid materials, in addition to liquids and semi-solids. The slim probe (b) allows it to fit easily in fermentation tanks, chemical reaction chambers, or other equipment with small apertures. The performance probe (c) combines rugged, high temperature and frequency performance in a slim design. The probe can be autoclaved, so it is perfect for applications in the food, medical, and chemical industries where sterilization is a must.

Transmission line method

The transmission line method is a broadband technique for machineable solids. It puts the MUT inside a portion of an enclosed transmission line.

Free space method

Free space methods use antennas to focus microwave energy at or through a slab of material. This method is non-contacting and can be applied under high temperatures. It is especially useful at mm-wave frequencies.

Resonant cavity method

Resonant cavities are high Q structures that resonate at certain frequencies. A sample of the material affects the center frequency and Q factor of the cavity. The permittivity can be calculated from these parameters. Keysight offers 85072A 10 GHz split cylinder resonator, as well as Split post dielectric resonators (SPDR).

Parallel plate capacitor method

The parallel plate capacitor method involves sandwiching a thin sheet of material between two electrodes to form a capacitor. The method works best for accurate, low frequency measurements of thin sheets or liquids. A typical measurement system using the parallel plate method consists of an LCR meter or impedance analyzer. Keysight offers several test fixtures such as 16451B, 16452A and 16543A depending on material types and applied frequency ranges that can cover up to 1 GHz.

Inductance measurement method

This method derives the permeability by measuring the inductance of the material (toroidal core). The concept is to wind some wire around MUT and evaluate the inductance with respect to the ends of the wire. The Keysight 16454A magnetic material test fixture provides an ideal structure for single-turn inductor, with no flux leakage when a toroidal core is inserted in it.

Measurement systems

Keysight offers a variety of fixtures and measurement instruments that covers many material types. The software is also provided depending on required measurement techniques or instruments. See related literature for more information.

Test fixtures and instruments

The lineup of Keysight test fixtures is summarized in Figure 2. See Table 1 for available measurement instruments.

Software

The Keysight N1500A materials measurement suite streamlines the process of measuring complex permittivity and permeability with a vector network analyzer. The easy-touse software guides the user through setup and measurement, instantly converting S-parameter data into the data format of your choice and displaying the results within seconds. Results can be charted in a variety of formats:

εr’, εr”, tan δ, μr’, μr”, tan δμ and Cole-Cole.

A variety of measurement methods and mathematical models are provided to meet most application needs. The free space calibration option provides Keysight’s exclusive gated reflect line (GRL) calibration for measuring materials in free space. Arch reflectivity option automates popular NRL arch method for measuring reflections off the surface of a sample. Resonant cavity option offers the highest loss tangent accuracy and resolution.


                

                
            

        


        
    



    











    
    
        

    ×
    
        
                콘텐츠 잠금 해제
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                국가*필수입력항목
                선택해 주십시오.
United States
United Kingdom
Canada
India
Malaysia
Netherlands
Australia
South Africa
France
Germany
Singapore
Sweden
Brazil
Afghanistan
Åland 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
Côte 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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                산업군*필수입력항목
                선택해 주십시오.
항공우주/방위 산업
오토모티브
가전
데이터 센터/클라우드 사업자
교육
전자 제품 제조
에너지/유틸리티
금융
정부/군(Military)
IoT
의료
네트워크 장비 제조
양자 컴퓨팅
유통(리테일)
반도체
소프트웨어 개발
통신/모바일 사업자
테스트 랩
교통/운송


            

            
            
            
                현재 직무와 관련된 경력 기간을 알려주십시오.*필수입력항목
                선택해 주십시오.
 2년 미만
2 - 7 years
 > 7 years


            

            
            
            
                직책*필수입력항목
                선택해 주십시오.
경영진
수석 엔지니어/부서장
엔지니어링 관리자
실무자
학생
컨설턴트

   
            

            
            
            
                    주요 업무*필수입력항목
                    선택해 주십시오.
보드 레이아웃
디지털 : 고속 인터페이스
디지털 : 광통신
IT/정보 기술
L2-7 네트워크 설계/운용
전원 : 배터리 드레인 분석
전원 : 변환 및 컨디셔닝
제품 : 하드웨어 테스트
제품 : 다중 시스템 통합
제품 : 소프트웨어 테스트
품질 보증
RF : 아날로그/혼합 신호
RF : 현장 테스트
반도체 테스트
Software: Development
소프트웨어 : 통합
비기술직(Non-Engineer)

       
            

            
            
            
                직종*필수입력항목
                선택해 주십시오.
교육(교수/학계)
어플리케이션 관리
회로 설계 및 레이아웃
디지털 설계
전자 제조
현장 엔지니어
최종 시스템 테스트
인사/재무/법률
실험실(Lab) 관리
마케팅/영업
네트워크/보안 설계
네트워크/보안 운용
전력 설계
Procurement
Product Management
RF설계
소프트웨어 엔지니어
학생
테스트 엔지니어/기술자
비기술직(Non-Engineer)

            
            

            
            
            
                최신 제품, 리소스 및 이벤트에 대한 광고성 정보 수신         
            

            
              
                    
                         솔루션 관련 영업 사원 또는 대리점을 통한 연락에 동의하십니까?
                        아니오, 다음에 하겠습니다.    
                        예
                    
 
                    
                        
                            선호하는 연락방법을 선택해 주십시오. *필수입력항목
                            
                                
                                이메일
                            

                            
                                선호하는 연락방법을 선택해 주십시오.
                                
                                    
                                    전화*필수입력항목
                                
 
                                
                            

                        

                    

                    담당 영업과의 상담을 요청합니다.

                

                
            
            
                [키사이트 개인정보 수집 및 이용]


 1. 개인정보 수집 및 이용 동의


 2. 키사이트 파트너 업무 위탁 동의


 3. 키사이트 해외 본사 및 지사 제공 동의



"제출"을 클릭하시면 개인정보 수집 및 이용에 동의한 것으로 간주합니다. 보다 자세한 내용은 홈페이지 하단의 개인정보보호정책 을 참조하시기 바랍니다.

            
            
            
            
            
 
            
            
                
                
                	
                	
                	
                	
                	
                	
                	
                	
                	
                	
                	
                	
                
                
                
                
                
                
                
                
                
                
                
                
            
             
            
            
            
            
            
            
                 
             
            
            
            

            
        

        
                감사합니다!

                귀하의 양식이 성공적으로 제출되었습니다.

                
                    
                

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

            

        

    




    






    






    영업팀에 문의
    
        
            ×

            판매 문의 부탁드립니다.

            *Indicates required field

            
                
                
                
                
                
        
            
                    
                        
                            선호하는 연락방법을 선택해 주십시오. *필수입력항목
                            
                                Preferred method of communication?
                                
                                
                                    이메일 변경하기
                                이메일
                                   
                            

                                
                                    Preferred method of communication?
                                    
                                    전화*필수입력항목전화번호는 숫자만 입력해 주세요. (공백, 특수문자 제외)
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                [키사이트 개인정보 수집 및 이용]


 1. 개인정보 수집 및 이용 동의


 2. 키사이트 파트너 업무 위탁 동의


 3. 키사이트 해외 본사 및 지사 제공 동의



"제출"을 클릭하시면 개인정보 수집 및 이용에 동의한 것으로 간주합니다. 보다 자세한 내용은 홈페이지 하단의 개인정보보호정책 을 참조하시기 바랍니다.

                
                
                    
                        
                        
                    
                    
                    
                    
                    
                    
                    
                

                
                    
                        
                        
                        
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        	
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                        
                    
                     
                    
                    
                    
                    
                    
                    
                         
                     
                    
                    
                    

                

                
                
            

            
                감사합니다!

                A sales representative will contact you soon.
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                            No product matches found - System Exception
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