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                How to Create Baseband Waveforms and Download Them to RF Vector Signal Generators

                ã‚¢ãƒ—ãƒªã‚±ãƒ¼ã‚·ãƒ§ãƒ³ãƒŽãƒ¼ãƒˆ

                
                    Radio-frequency (RF) vector signal generators (VSG) use a dual arbitrary waveform generator (AWG) to generate baseband I (in-phase) and Q (quadrature) waveform signals. The dual AWG controls the playback sequence of waveform segments that have been written into the memory located in the internal baseband generator. Like an MP3 player that converts an audio file to an analog signal, the dual AWG enables you to play, rename, delete, store, and load waveform files in addition to building waveform sequences.

Baseband Waveform Data and Structure

Creating baseband waveform files for a VSG requires an understanding of the communication system and the waveform data requirements of the baseband generator. Before you create custom waveform files, you need to know the file formats the VSG supports and the waveform data required for playback.



AWG basics



A dual AWG is flexible and can generate many complex modulation signals. You can simulate your design and create the waveform files from a PC, then use the dual AWG to convert the files into analog signals. However, you need to understand the key specifications of AWGs first. Figure 1 illustrates the basic block diagram for an AWG. The key specifications appear below:



â€¢ Sampling rate: The maximum speed of conversion of the digital-to-analog converter (DAC). This parameter is equal to the speed at which the waveform memory reads samples.



â€¢ Vertical resolution: This is the number of DAC bits in the AWG. For a given vertical resolution, N, the DAC will be capable of generating 2N different levels. For an RF VSG, the number of bits of the DAC is 12 to 16.



RF VSGs use dual AWGs to generate baseband I and Q signals. For example, the maximum sample rate of Keysight MXG N5182Bâ€™s baseband generator is 200 MSa/s, the number of bits of the DAC is 16, and playback memory size is up to 1024 megasamples.



These specifications limit the signalâ€™s maximum RF bandwidth, dynamic range, and waveform length correspondingly. The output connectors are BNC single-end or differential outputs with impedance 50 Î©, DC coupled.

Understanding waveform data



A media player can play different types of digital audio formats, such as Waveform Audio File and MPEG Audio III (MP3). A sound card uses a DAC, which converts the digital data into an analog signal. You need to know if the media player supports the digital audio format that you want to play. Likewise, to generate baseband signals successfully, you need to understand what the AWG input data is and how to transfer a waveform file to the baseband generator. Letâ€™s explore the input data a DAC requires.

DAC input values



The DAC determines the range of input values for the I and Q data samples. A 16-bit (2 bytes) DAC means that you can divide the output range of the DAC into 0â€“65,535 (216) levels. A baseband generator divides the range with positive (32,767) and negative values (-32,768). Baseband generators accept binary or hex data formatted as shown in Figure 2.



Waveform Files and Sequences



Waveform files are the most fundamental element for baseband waveform generation. Specific application software or general software tools, such as MATLAB, C++, or Keysightâ€™s waveform generation software, can generate waveform files. There are two types of waveform files: segment and sequence.



Waveform segment



A segment is a waveform file that you download to the signal generatorâ€™s memory. It consists of I/Q data, marker data, and a file header.



File header



The file header contains key parameters of the waveform segment, including the DAC sample rate, marker polarity, and runtime scaling. Figure 3 shows a file header of a waveform file, including a header field and setting. In this example, the â€œsample rateâ€� of this waveform is 200 MHz.



Marker file



VSGs provide waveform markers to label specific points on a waveform segment. You can turn on markers at specific sample points manually or download a marker file with the waveform file together with the baseband generator. When the signal generator encounters an enabled marker, it routes an auxiliary signal to a real panel event output that corresponds to the marker number. The Keysight X-series signal generator provides four markers set at each waveform sample. A marker point consumes 1 byte. Figure 4 illustrates I/Q waveforms and markers 1â€“4. Using an oscilloscope to examine the Q channel and marker 1 signal, the waveforms appear at the bottom of Figure 4.



You need to set the marker polarity (positive or negative) and routing for each marker (1â€“4). You can also configure markers to enable or disable internal hardware, such as automatic leveling control hold and RF blanking.

I/Q file

An I/Q waveform consists of samples. A sample contains I and Q data (2*2 bytes) and marker data (1 byte), 5 bytes in total. When you create the waveform data, the I and Q data samples typically reside in separate arrays or files. You can also use a single file with I and Q data samples interleaved; the Q data follows the I data.
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United Kingdom
Canada
India
Malaysia
Netherlands
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South Africa
France
Germany
Singapore
Sweden
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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
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Colombia
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Congo
Congo, The Dem. Republic Of
Cook Islands
Costa Rica
CÃ´te d'Ivoire
Croatia
Cyprus
Czech Republic
Denmark
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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.
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Georgia
Ghana
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Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guinea
Guinea-Bissau
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Heard/McDonald Isls.
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Hong Kong, China
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Kiribati
Korea (South)
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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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