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                Challenges and Solutions for Material Science/Engineering Testing Applications

                技術概要

                
                    Keysight Technologies

Challenges and Solutions for Material Science/Engineering Testing Applications

Introduction

Understanding the properties of materials (both natural and man-made) is important for a variety of reasons.

Materials such as metallic materials, semiconductors, organic materials (such as polymers) and compound semiconductors have provided profound benefits over the last century. New and emerging materials such as oxide semiconductors, carbon nano tubes (CNT) and graphene promise to provide new benefits over the coming century.

Every material is unique in in terms of its electrical, optical and structural properties. It is these unique material properties that allow devices and components such as solar cells, sensors, logic devices, memories, interconnect, displays, emitters, packaging materials to perform their specified tasks. In turn, the devices and components just described can be used in other equipment such as machines, transportation equipment, IT gadgets, etc.

For these reasons, innovations in material science and engineering form the basis for many next generation technologies and products. The various test methods discussed in this document then form an important basis for these innovations.

Material Examples

We will review some typical materials and explore their various applications. We will also highlight some of their characteristics, applications and evaluation challenges.

Organic materials

Polymers are one of most important organic materials; they consist of macromolecules containing carbon covalently bonded together and with other elements of low atomic number (such as H, N, O or S). Since polymers have long linear structures that are held together with van der Waals bonds, they have low melting points. In addition, their low density makes polymers light weight, easy to process, and flexible in shape. Finally, polymer molecules are varied enough to permit a wide range of conductivities (from insulator to organic metal).

Polymers show promise for applications such as Organic EL (Electrical Luminescence), TFT, solar cell, flexible device, organic LED, photoelectric conversion element, organic memories and sensors. In fact, polymers are already being used for some of these purposes.

Some of the challenges facing the commercialization of organic materials are their reliability and an incomplete understanding of their conduction mechanisms. In addition, their characteristics tend to change quickly when exposed to air, which makes handling of test samples challenging.

Graphene

Graphene is a layer of pure carbon atoms that are bonded together in a hexagonal honeycomb lattice. It has some amazing properties, and it is the lightest and strongest material known today. It also has superior electrical and thermal conductivity, a high Young’s modulus, and is non-permeability.

Due to its high electrical and thermal conductivity, graphene has many expected applications. Potential devices that could use graphene in the future include super high-speed transistors, single electron transistors, spintronics devices, NEMS (Nano Electromechanical Systems) and sensors.

Unfortunately, since graphene is a zero-bandgap semiconductor controlling its insulation behavior is a big challenge. In addition, it will take years for graphene to be widely adopted because its manufacturing process is still immature.

CNT (Carbon Nanotubes)

A carbon nanotube is a cylindrical nanostructure made with allotropes of carbon. It has properties similar to those of graphene, although its electrical properties depend on its structure (length, diameter and chirality). Just like graphene it has high conductivity, a high Young’s modulus and high thermal conductivity. However, unlike graphene it has an adjustable band gap so that it can be made both resistive and highly conductive.

CNTs have been used in sport and bicycle components. Future electronic applications could include high performance interconnects high-speed transistors, single electron transistors, sensors and field emitters.

Some of the challenges facing the industrialization of CNTs include reliability, low yields and manufacturing repeatability (since CNT electrical properties strongly depend on chirality).

MTJ (Magnetic Tunnel Junction)

A MTJ consists of two ferromagnets separated by a thin insulator. Electrons can tunnel from one ferromagnet to the other if the insulating layer is sufficiently thin. MTJs exhibit a magnetoresistive effect called Tunnel magnetoresistance (TMR). Since the direction of the ferromagnet’s magnetization can be switched by an external magnetic field or by forcing a spin-polarized current through the material, it can be used as a memory cell. Moreover, an MTJ device can be both small in size and consume little power.

MTJs have been used in HDD (Hard Disk Drive) sensor heads as well as for MRAM (Magnetic RAM) and STT-MRAM (Spin Transfer Torque MRAM) applications. They have also been used as magnetic sensors.

The most difficult challenge facing MTJ commercialization is increasing the TMR ratio.

Super conductor

A super conductor is a material that can conduct electricity with no resistance under specific conditions. The phenomenon is observed when the superconducting material is cooled down below a characteristic critical temperature.

Since the discovery of high-temperature superconductors in 1986 (which have critical temperature above 90K), researchers around the world have expended a lot of effort to find super conductors with higher critical temperatures.

Potential applications include low loss power transmission and highly efficient transportation systems utilizing super conductors’ zero resistivity. Super conductors can also generate very powerful magnetic fields, making them ideal for use in NRI/NMR machines. Super conductors are also used to build SQUIDs (superconducting quantum interference devices), which are highly sensitive magnetometers.

The main challenge facing super conductors is finding materials with higher critical temperatures.
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                Eメール*必須項目です。
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                    姓* 必須項目です。
                        
                

            

            
                
            
                国*必須項目です。
                --選んでください--
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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                --選んでください--
航空宇宙／防衛
自動車
民生家電
クラウドサービスプロバイダー
教育機関
電子材料・部品／産業機器
エネルギー／電力
金融
政府・行政機関
IoT関連
医療／ヘルスケア
ネットワーク・データセンター機器
量子コンピューティング
小売り／接客
半導体
ソフトウェア開発
通信サービスプロバイダー
試験機関
運輸・交通機関


            

            
            
            
                現在の職務の経験年数をお知らせください。*必須項目です。
                --選んでください--
 2年未満
2 - 7 years
 > 7 years
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                --選んでください--
経営者／役員

部長クラス
課長／係長／主任
一般社員
学生
コンサルタント

   
            

            
            
            
                    主な担当技術分野*必須項目です。
                    --選んでください--
基板レイアウト
デジタル：高速インタフェース 
デジタル：光通信
IT/情報システム
L2-7 ネットワーク設計／オペレーション
電源：バッテリー／充電
電源：電圧変換、整流、レギュレーター
製品試験（ハードウェア）
製品システム統合
製品試験（ソフトウェア）
品質保証
RF：アナログ／ミックスドシグナル
RF：フィールドテスト
半導体試験
Software: Development
ソフトウェア組み込み・統合
その他（非エンジニア）

       
            

            
            
            
                職種*必須項目です。
                --選んでください--
教職員
ソフトウェアアプリケーション管理
基板レイアウト／シミュレーション
デジタル回路・機器設計
製造・品質管理
機器設置・保守
システム試験
人事／経理／法務
試験設備の管理
マーケティング／営業
ネットワーク及びセキュリティーシステム設計
ネットワーク／セキュリティー運用
電源回路・機器設計
Procurement
Product Management
RF／マイクロウェーブ回路・機器設計
ソフトウェアエンジニア
学生
テストエンジニア
その他（非エンジニア）
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                            ご希望の連絡方法をお知らせください。 *必須項目です。
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                送信ボタンのクリックによりお客様情報の収集と利用方法をお伝えする キーサイトプライバシーステートメント  にご同意頂いたものとみなします。また、弊社及び弊社販売店からご連絡を差し上げる場合がございます。
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