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                How to Ensure Interoperability and Compliance of USB Type-C Cables and Connectors

                åº”ç”¨æ–‡ç« 

                
                    This application note is one in a series of five covering the challenges and solutions for USB Type-C design and test.  

	cable and connector 
	power delivery  
	transmit/receive  
	simulation-measurement correlation 
	Alternate Mode (ALT) (DisplayPort, Thunderbolt, MHL)


Overview 

 USB Type-CÂ® is a breakthrough standard designed to meet the demand for technology that supports new, ever smaller, and thinner computers and devices, higher-speed data, and more power and flexibility. Key USB Type-C areas of focus include the connection between devices, managing power, and ensuring valid data transmissions. The USB Type-C connection provides: 

	Dynamic power and transmission of USB 2.0 with other protocols  
	Key interface for many new and future devices  
	Backward compatibility  
	Reversibility enables ease-of-use 


 Design and test engineers face several challenges as they integrate USB Type-C into their products while ensuring interoperability and test compliance. Because USB Type-C compliance test standards have increased and become more complex due to higher data transmission speeds, more power, and additional functionality, successful testing requires highly accurate and standard-compliant test instruments, software, and fixtures. 

Table of Contents

Type-C Cable and Connectors

	Pin functionality overview




USB Type-C cable and connector test challenges

	Managing EMI and RFI levels from the cable assembly


	Removing test fixture effects


	Effects on the channel response




Cable/connector measurement solutions

Recommended configuration

Type-C Cable and Connectors

 Several variations of USB cables are used to connect and power devices: Type-A, Type-B, Micro, Mini, and others. 

 Design and test engineers face several challenges as they update their device interface from 4-pin USB standard A/B connectors to the 24-pin USB Type-C connector. The new USB Type-C receptacle and cable (also called channel) include design changes that address issues with standard A/B type connectors/cables and offer more features and capabilities for new Type-C enabled products. Understanding test challenges and solutions can help ensure successful USB Type-C integration and test for devices.

The USB Type-C cable and connector (the channel) provides not only backward USB compatibility but also increased functionality for power management and data transmission. USB Type-C power delivery provides up to 20 volts, 5 amps, and 100 watts for dynamic power and charging of different devices. The transmit/receive (Tx/Rx) pairs can be used for USB or â€œguest protocolsâ€� such as DisplayPort, MHL, or Thunderbolt data transfer, making it possible to transfer high-speed data, video, and audio signals in addition to USB. Type-C data transfer rates are up to 40 Gbps (USB 4.0 Gen3 and Thunderbolt-3 Gen3), with the ability to achieve 80 Gbps in the future. These new capabilities create a greater challenge for design and test engineers who are working to ensure the interoperability of their USB channel and devices by performing USB-IF standard conformance tests.

Previously, the USB connection consisted of power and two data lines, but the USB Type-C channel can dynamically change power levels and data signals. When the initial end-to-end USB Type-C connection is made, cable orientation is resolved using CC1/CC2 pins (Configuration Channel), and devices acknowledge the connection and establish host/device roles. Then, the power delivery circuit begins to manage power to each connected device through Vbus and Gnd connections. Individual devices determine which of the Tx/Rx pins (and SBU1/2 pins for alternate protocols) are used. The Tx/Rx pins may be used for USB or other protocols, and pins can be combined in parallel for faster data transfers. Channel power and signal levels are managed by the power delivery circuit and can change while a device is connected for charging or new transmissions.

USB Type-C cable and connector test challenges

USB Type-C cable and connector test challenges result from a large number of specifications and backward compatibility requirements. However, meeting these tough specifications is critical because it ensures the successful interoperation of USB products.

According to the USB-IF, previous versions of USB specification signals (USB 2.0 and USB 3.2) must be supported by Type-C. Along with this required backward compatibility, the USB-IF has defined the following USB Type-C cables, both with Type-C plugs at each end:

	The full-featured Type-C cable with a full-featured Type-C plug at both ends for USB 3.2, USB 4.0, and full-featured applications.
	USB 2.0 Type-C cable with a USB 2.0 Type-C plug at both ends (typically for mobile charging).
	Captive cable with either a USB full-featured Type-C plug or USB 2.0 Type-C plus at one end.
	USB3.2 active cable.


Rather than specified cable lengths for electrical compliance channels, USB 3.2, USB 4.0, and USB Type-C have specified channel loss, which plays a key role in ensuring the interoperability of USB hosts and devices. An example would be a two-meter cable which is required to have no more than 7 dB of insertion loss. With a 20 dB SuperSpeed Gen 1 limit, only 13 dB are remaining to split between the host and device. 
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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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                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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