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                Noise Figure Measurement Accuracy: The Y-Factor Method

                åº”ç”¨æ–‡ç« 

                
                    This application note reviews Y -factor noise figure measurements and how to improve accuracy by following a three-stage process:

	Avoid mistakes when making measurements
	Minimize uncertainties wherever that is possible
	Quantify the uncertainties that remain


This application note covers the following topics:

	Fundamentals of Y-factor noise figure measurements  
	Noise figure mistakes to avoid
	Measurement corrections to improve accuracy
	Calculation of the remaining uncertainties â€“ including software tools
	Other techniques that can reduce uncertainties
	Checklist for improving accuracy


This application note is specific to instruments that use the Y-factor noise figure measurement. Various features of Keysight Technologies products are mentioned as illustrative examples of noise figure analyzers and noise sources. Other products, however, may be used with the techniques discussed in this document.

 

Introduction

Noise figure is a key performance parameter in many RF systems. A low noise figure provides an improved signal/noise ratio for analog receivers and reduces bit error rate in digital receivers. As a parameter in a communications link budget, a lower receiver noise figure allows smaller antennas or lower transmitter power for the same system performance. In a development laboratory, noise figure measurements are essential to verify new designs and support existing equipment. In a production environment, low-noise receivers can now be manufactured with minimal need for adjustment. Even so, it is still necessary to measure noise figures to demonstrate that the product meets specifications.

 

Why is accuracy important?

Accurate noise figure measurements have significant financial benefits. For many products, a guaranteed low noise figure commands a premium price. This income can only be realized, however, if every unit manufactured can be shown to meet its specifications.

 

Every measurement has limits of accuracy. If a premium product has a maximum specified noise figure of 2.0 dB, and the measurement accuracy is Â± 0.5 dB, then only units that measure 1.5 dB or lower are marketable. On the other hand, if the accuracy is improved to Â± 0.2 dB, all products measuring up to 1.8 dB could be sold at a premium price.

 

Customers need accurate noise figure measurements to confirm they are getting the performance they have paid for. Using the same example, an accuracy of Â± 0.5 dB for measuring a product that a manufacturer has specified as â€˜2.0 dB maximumâ€™ would require the acceptance of units measuring as high as 2.5 dB. An improved accuracy of Â± 0.2 dB sets the acceptance limit at 2.2 dB.

Speed of measurement is also an issue. High-value products favor accuracy; high[1]volume products favor speed. Due to the random nature of noise and the statistical aspects of measuring it, there is always a trade-off between speed and accuracy. To optimize the trade-off, it is necessary to eliminate all avoidable errors and quantify the uncertainties that remain.

 

Y-Factor Noise Figure Measurement

 Learn about the fundamental features of the Y-factor noise figure measurement technique in this application note. Many instruments use the Y-factor noise figure technique, including:

	Keysight X-Series NFA noise figure analyzers
	Keysight X-Series signal analyzers with noise figure measurement application
	Keysight FieldFox handheld microwave analyzers with noise figure measurements
	Other noise figure analyzers and spectrum analyzers with noise figure measurement personality


The equations included in the application note follow the internal calculation route of the Keysight Technologies, Inc. products. The calculation routes of other noise figure instruments that use the Y-factor noise figure method are inevitably similar. This application note departs from previous explanations of noise figure calculations by making extensive use of the noise temperature concept. Although noise temperature may be less familiar, it gives a truer picture of how the instruments workâ€”and most importantly, how they apply corrections to improve accuracy.

 

Frequently Asked Questions

 

What is noise figure?

The fundamental definition of noise figure F is the ratio of:

(signal/noise power ratio at the input of the device under test)

(signal/noise power ratio at the output of the device under test)

Or alternatively:

Noise figure represents the degradation in signal/noise ratio as the signal passes through a device. Since all devices add a finite amount of noise to the signal, F is always greater than 1. Although the quantity F in equation 2-1 has historically been called â€˜noise figureâ€™, that name is now more commonly reserved for the quantity NF, expressed in dB:

Keysight Technologies literature follows the contemporary convention that refers to the ratio F as â€˜noise factor,â€™ and uses â€˜noise figureâ€™ to refer only to the decibel quantity NF.

 

What is the Y-factor noise figure?

 

The Y-factor noise figure is a method to measure the noise figure of a device and compare the power levels of a noisy signal source with and without the device under test (DUT) connected.

 

What is the Y-factor noise figure method for calculating noise figure uncertainty?

 

The Y-factor noise figure method uses a calibrated noise source to provide a stimulus to the DUT input; it also uses a signal analyzer, operating as a calibrated receiver, to measure the DUTâ€™s output noise. The calibrated noise source is specified with an excess noise ratio (ENR) that characterizes the noise power between DUT â€œonâ€� and â€œoffâ€� states as a function of frequency.

 

What is noise temperature?

A resistor at any temperature above absolute zero will generate thermal noise. Effective noise temperature is the additional temperature of the resistor that would give the same output noise power density as a noiseless DUT.
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United States
United Kingdom
Canada
India
Malaysia
Netherlands
Australia
South Africa
France
Germany
Singapore
Sweden
Brazil
Afghanistan
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Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
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Austria
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Bahrain
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Belgium
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Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Dem. Republic Of
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Denmark
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French Southern Terr.
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Heard/McDonald Isls.
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Hong Kong, China
Hungary
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Iraq
Ireland
Israel
Italy
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Japan
Jordan
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Kenya
Kiribati
Korea (South)
Kuwait
Kyrgyzstan
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Latvia
Lebanon
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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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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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æ•°å—ï¼šé«˜é€ŸæŽ¥å�£
æ•°å—ï¼šå…‰é€šä¿¡
IT/ä¿¡æ�¯æŠ€æœ¯
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