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                Phase Noise Measurement Solutions

                æŠ€æœ¯æ¦‚è¿°

                
                    How to Measure Phase Noise

Keysight Technologies offers a wide range of phase noise measurement solutions based on a variety of test and measurement techniques. However, finding the right solution can be a challenge.

 

This document will help guide you in how to measure phase noise and help you select the solution that best fits your specific phase noise measurement requirements.

 

Phase Noise Measurement Overview

Phase noise is one of the most important figures of merit of a signal-generating device and can be a limiting factor in a mission-critical application in aerospace and defense, as well as in communications.

 

The basic concept of phase noise when making phase noise measurements involves frequency stability, which is defined as the degree to which an oscillating source produces the same frequency throughout a specific period of time. Frequency stability consists of two components: long-term and short-term.

 

Long-term stability describes the frequency variations that occur over hours, days, months, or even years. By contrast, short-term frequency stability is about changes in the nominal carrier frequency of less than a few seconds duration. The focus of this document is on short-term frequency stability.

 

While there are many technical terms to quantify phase noise, one of the most commonly adopted phase noise measurements is the "single side-band (SSB) phase noise", ((f). Mathematically, the US National Institute of Standards and Technology (NIST) defines ((f) as the ratio of the power density at an offset frequency from the carrier to the total power of the carrier signal.

 

How to Measure Phase Noise: Summary Comparison of Measurement Techniques

A variety of measurement techniques have been developed to meet various requirements for phase noise measurements. The three most widely adopted techniques are direct spectrum, phase detector, and two-channel cross-correlation. While the direct spectrum technique measures phase noise with the existence of the carrier signal, the other two remove the carrier (demodulation) before phase noise is measured.

 

Primary Phase Noise Measurement Techniques

 

Direct spectrum technique

This is the simplest and perhaps oldest technique for making phase noise measurements. The signal from the device under test (DUT) is input into a spectrum/signal analyzer tuned to the DUT frequency, directly measuring the power spectral density of the oscillator in terms of (f).

 

As the spectral density is measured with the existence of the carrier, this method can be significantly limited by the spectrum/ signal analyzerâ€™s dynamic range.

 

Though this method may not be useful for measuring very close-in phase noise to a drifting carrier, it is convenient for qualitative quick evaluation on sources with relatively high noise. The measurement is valid if the following conditions are met:

 

-The spectrum/signal analyzerâ€™s inherent SSB phase noise at the offset of interest must be lower than the noise of the DUT.

 

- If the phase noise measurement implementation does not differentiate amplitude (AM) noise from the phase noise (PN), like in most of the legacy spectrum/signal analyzers, then the AM noise of the DUT must be significantly below its PN (typically 10 dB will suffice).

 

The innovative Keysight X-Series phase noise measurement application differentiates the AM noise from PN and implements the AM rejection (at offset frequency below 1 MHz), effectively removing the impact of the AM noise on the PN measurement results.

 

Phase detector techniques

When determining how to measure phase noise, you may need to separate phase noise from amplitude noise. In this case, a phase detector is required. The phase detector converts the phase difference of the two input signals into a voltage at the output of the detector. When the phase difference is set to 90Â° (quadrature), the voltage output will be zero volts. Any phase fluctuation from quadrature will result in a voltage fluctuation at the output.

 

Several methods have been developed based on the phase detector concept. Among them, the reference source/PLL (phase-locked-loop) is one of the most widely used methods. Additionally, the phase detector technique also enables residual/additive noise for two-port devices.

 

Two-channel cross-correlation technique

This technique combines two duplicate single-channel reference sources/PLL systems and performs cross-correlation operations between the outputs of each channel.  The two-channel cross-correlation technique achieves superior measurement sensitivity without requiring exceptional performance of the hardware components. However, the measurement speed suffers when increasing the number of correlations.

 

Please read the technical overview for more details on how to measure phase noise and to see a comparison of Keysight phase noise measurement solutions.

 

Frequently Asked Questions

 

1. What is a phase noise measurement?



 

Phase noise measurement is a characterization of the short-term stability in the phase of an oscillating RF or microwave signal. It quantifies the fluctuations in the timing of the signal's phase, which can affect the performance of the device under test (DUT).

 

2. How are phase noise measurements made?

 

Specialized equipment, such as spectrum analyzers, are used for phase noise measurements. Spectrum analyzers measure the magnitude of an input signal versus frequency within the full frequency range of the instrument. Its primary use is to measure the power of the spectrum of known and unknown signals. The terms spectrum analyzer and signal analyzer are often used interchangeably. Signal analyzer is a more accurate term for modern day analyzers that provide more comprehensive signal analysis, not only in frequency-domain, but also time and modulation domains.

 

3. When determining how to measure phase noise, how do you select the right solution?

 

Start with your specific applications, select your DUTs, your measurement, requirements, and then your investment budget. The technical overview outlines the solution components available to meet these specific needs.  
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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
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Bosnia and Herzegovina
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Brit/Indian Ocean Terr.
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
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Cape Verde
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Central African Republic
Chad
Chile
China
Christmas Island
Cocos (Keeling) Islands
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Comoros
Congo
Congo, The Dem. Republic Of
Cook Islands
Costa Rica
CÃ´te d'Ivoire
Croatia
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
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Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
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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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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�Œå‘˜
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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�¥
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