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1  Generating Multi-tone Signals

Multi-tone signals, to be useful, must be generated in a convenient and cost-effective way with
sufficient quality to address the target application. One of the important issues to consider is the
frequency band to be covered and the ratio between the central frequency and the bandwidth of the
multi-tone signal. Another important consideration is the number of carriers to be generated and the
required average power, peak power, and SFDR (Spurious Free Dynamic Range) necessary to match the
application requirements. The type of test to be performed and if it requires controlling the relative
phase of the tones may also influence the choice of multi-tone generation architecture.

Probably, the simplest way to generate a multi-tone signal is by combining multiple CW generators, one

for each tone.
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Figure 1.1 The most direct way to generate multi-tone signals is by using multiple CW generators
and combining the outputs to a single signal. Absolute frequency, tone spacing, and amplitudes are
easy to control this way. SFDR is as big as that of the individual CW generators. However, relative
phase for the tones is not possible to control so its distribution will be like random, and PAPR will be
high and it will grow with the number of tones. Other considerations are cost and size of the
solution. Multi-channel analog RF/uW generators such as the Tabor Lucid LS12916R ( 16 channels
up to 12 GHz in a very compact form factor), greatly reduce cost per tone and size.
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All the outputs must be added together using an N-way passive combiner, so no additional distortion is
introduced into the system. One of the advantages of this arrangement is that as all the generators are
independent and a passive combiner is used, no IMD will be generated in the process and a very good
SFDR can be reached. If the generators are not locked to the same reference, frequency spacing (and
relative phase) between tones may change over time and lead to a variable spacing and PAPR. The Tabor
Lucid series of multi-channel analog RF/uW generators is an example of a device especially adequate
for multi-tone generation. These generators can support up to 16 independent channels internally
locked to the same reference in a single 19” rackmount unit. Amplitude and frequency can be set
independently for each channel, so any tone arrangement can be implemented, including multi-tone
with none, one or more notches. This architecture has some drawbacks. First of all, the number of tones
will be always limited by cost or implementation issues. Combining multiple channels into a single
output using a low-IMD (passive) combiner is not free as the insertion loss grows with the number of
signals being added together. CW generators can have a very large SFDR for frequency bands close to
the tone frequency. However, harmonics can be significant, and they may show up within the band of
interest when the ratio between the central frequency and the overall multi-tone bandwidth is low.
Using this architecture should be restricted to the generation of limited BW (relative to the central
frequency), a limited number of tones (a few tens), in applications where controlling the carrier phase
distribution is not critical.

An alternative way to generate multi-tone signals is using a two-channel AWG to generate a baseband
complex (I/Q), multi-tone signal that can be supplied to an additional I/Q modulator. While amplitude,
spacing and phase of the carriers are controlled by the complex signal generated by the AWG, the
central frequency may be set independently actuating on the LO (Local Oscillator) associated to the
modulator. This strategy has two important limitations. First, the bandwidth of the multi-tone signal is
limited by either the usable bandwidth of the AWG or the modulation bandwidth of the I/Q modulator.
Second, any imbalance, differential delay or quadrature error will show up as images in the output
signal, (see figure below) either affecting the amplitude and phase accuracy of the tones (if the images
are located in the same frequencies as the valid tones), or as unwanted spurious tones (for notches or
if the images are not located at the frequency of the valid tones).
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b) Multi-Tone 1Q Generation: Digital DUC / VQ Modulator
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Figure 1.2 Two-channel AWGs can create I/Q signal to generate a multi-tone signal at any
frequency supported by an external IQ modulator (a). However, the system must be very carefully
aligned as unwanted tones can show up as images (i.e. in the notch) even when non-linearities are
small due to quadrature errors, imbalance of I/Q skew. Some high-performance AWGs, such as the
Tabor Proteus series, can implement numerically IQ modulation and up-conversion (b). As
modulation is produced numerically (including the generation of the quadrature L.0O.), there are no
modulator alignment issues.
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A careful calibration and alignment procedure may be necessary in order to obtain a good-enough
result. In many situations, differential linear predistortion of the | and Q components must be applied
to reduce unwanted images to the required levels. The number of tones or controlling their phase is
not a problem this time as tones are basically defined mathematically and spacing and relative phases
can be precisely and consistently set. The Tabor Proteus family of AWGs are a good example of AWGs
that can be used for this application. With up to 12 channels per desktop/benchtop unit and tens of
channels in the PXle modular form factor, they can feed multiple external 1I/Q modulators
simultaneously so they can be combined to cover much higher bandwidths if necessary. The Lucid series
multi-channel analog RF generator can be used as a LO source for any external I/Q modulator.

Finally, multi-tone signals can be generated directly using a one-channel AWG if there is sufficient
analog bandwidth and sample rate to reach the maximum frequency.

a) Baseband Generation Quadrature Modulator

2-Channel AWG

b) Direct RF Generation in the First Nyquist Band

Bandpass Filter

IF/RF Out

1-Channel AWG [ IFIRF Generation

Figure 1.3 AWGs can generate multi-tone signals by synthesizing the waveform mathematically and
converting it to analog through their output DACs. AWGSs can generate the quadrature baseband
waveforms (1/Q) to feed an external quadrature modulator (a) or, if analog BW and sampling rate
are sufficient, generate an IF or RF multi-tone signal directly (b). While requirements for a sampling
rate may be much higher for direct generation, the usage of an external IQ modulator makes the
alignment of the integrated generation system cumbersome.
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AWGs can generate signals between DC and SR/2, and even beyond, if all the tones are located within
any of the Nyquist zones. AWGs provide full control of the tone characteristics (number, frequency,
phase, amplitude, notches) over an amazing bandwidth, and without any limitation regarding the
absolute and relative location of the tones. Tone spacing can be very wide and very narrow and this is
only limited by the size of the waveform memory. There are some limitations too. As all the tones are
generated by the same device, any non-linearity in the device will show up as IMD components at the
outputs. Even ideal DACs are inherently non-linear devices. Real-world DACs and wideband output
stages will add additional non-linearities. However, all these limitations can be controlled if the signals
are generated and corrected in the right way. AWGs are perfect for this as they can generate pre-
distorted signals to compensate for any linear or non-linear imperfection. The Tabor Proteus
P908x/P948x family of AWGs, with 9GSa/s sampling rate and a usable BW greater than 8GHz, is a good
example of an ideal device for multi-tone signal generation.
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Resources & Contact

For more information on microwave signal generation challenges and solutions, review the following
resources:

¢ White Paper: Multi-Nyquist Zones Operation-Solution Note

¢ Solution Brief: Envelope Tracking — Solution Note

+ Datasheet Proteus - Arbitrary Waveform Generator / Transceiver: Module Desktop Benchtop

+ Datasheet Proteus - RF Arbitrary Waveform Generator / Transceiver: Module Desktop Benchtop

¢+ Online Webinar: Experiment design considerations for real-time, closed-loop pulse streaming

Stay Up To Date

¢ www.taborelec.com

¢ LinkedIn page
¢ YouTube channel

Corporate Headquarters

Address: 9 Hata’asia St., 3688809 Nesher, Israel
Phone: (972) 4 821 3393

Fax: (972) 4 821 3388

For Information

Email: info@tabor.co.il

For Service & Support
Email: support@tabor.co.il

US Sales & Support (Astronics)
Address: 4 Goodyear Irvine, CA 92618
Phone: (800) 722 2528

Fax: (949) 859 7139

For Information
Email: info@taborelec.com

For Service & Support
Email: support@taborelec.com

All rights reserved to Tabor Electronics LTD. The contents of this document are provided by Tabor
Electronics, 'as is'. Tabor makes no representations nor warranties with respect to the accuracy or
completeness of the contents of this publication and reserves the right to make changes to the
specification at any time without notice.
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