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Rohde & Schwarz signal generators present a compact easy-to-use solution for generating phase
coherent signals. Different generator models can be coupled to optimally fit user requirements in terms
of number of phase coherent channels and RF frequency range.

This application note explains how to generate phase coherent signals, details what to consider and

how to best calibrate the relative phases and timing between the individual channels. This document
also presents various measurements of the phase stability over time for different RF frequencies.
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Please find the most up-to-date document on our homepage
http://www.rohde-schwarz.com/appnote/1GP108.
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Note

1 Note

The following abbreviations are used in this application note for Rohde & Schwarz
products:

The R&S®SMW200A vector signal generator is referred to as SMW.
The R&S®SMBV100A vector signal generator is referred to as SMBV.
The R&S®SGT100A SGMA vector RF source is referred to as SGT.
The R&S®SGS100A SGMA RF source is referred to as SGS.

The R&S®SGU100A SGMA upconverter is referred to as SGU.

The R&S®SGMA-GUI PC software is referred to as SGMA-GUI.

The R&S®SGU-Z4 connection kit R&S®SGU100A to R&S®SGS100A is
referred to as SGU-Z4.

Instrument options, e.g. R&S®SMW-BI0 are referred to as BOO.

The R&S®ZVA vector network analyzer is referred to as ZVA.

E R

= =4

2 Introduction

Testing multi-antenna systems such as phased array or beamforming antennas
requires a test system capable of providing multiple signals with constant phase
relationships between them. The coherent test signals must have a specific or
definable phase difference (relative phase) and definable amplitude. Some of the
challenges for such a test system include compactness, phase control capability and
simplicity in handling. In particular, phase stability between the channels is of
importance. Many applications in the A &D direction finding and mobile
communications beamforming sectors demand that the phase relationships between
channels be constant over time with minimal deviations, for example as little as < 1°
phase drift. Such high phase stability can only be achieved when using a common
synthesizer signal (local oscillator, LO) for all signal generators in a test system.

Rohde & Schwarz signal generators present a compact easy-to-use solution for
generating phase coherent signals. The generatorséphase coherence option enables
LO coupling of multiple instruments by distributing the synthesizer signal of one
instrument to the others. Different generator models can be coupled to optimally fit
user requirements in terms of number of phase coherent channels and RF frequency
range. The Rohde & Schwarz solution is therefore flexible and scalable.

This application note explains how to generate phase coherent signals. It gives some
background on the technical requirements of the test and measurement equipment and
presents some recommended test solutions. It details what to consider and how to
configure the test setup. Furthermore, this application note describes in detail how to
best calibrate the relative phases and timing between the individual channels and
when to repeat the calibration. This document also presents several measurements of
the phase stability over time for different RF frequencies. It closes with a quick guide
summarizing the most important steps and points and an appendix summarizing the
various setups for generating phase coherent signals.
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3 Backround

3.1 What is phase coherence?

Two signals are phase coherent if they maintain a fixed phase relationship with each
other. In other words, if the relative phase D fbetween the two signals stays constant
over time.

Besides this general definition, there is also a more strict definition where phase
coherence is only defined for continuous wave (CW) carriers with equal frequencies or
for CW carriers whose frequencies are multiples of each other. Again, these CW
carriers are phase-coherent if there is a defined and stable phase relationship between
them.

3.2 Methods to stabilize the relative phase of two RF

carriers

In the following, we consider two RF signal generators. Both synthesizers have their
own built-in reference oscillator. Alternatively, they can use an external reference
frequency signal from an external source. In both cases, the resulting synthesizer
signal is generated in several steps from the reference signal using phase locked loops
(PLL).

Unless countermeasures are taken, the relative phase of the RF signals changes

unpredictably over time. The RF frequencies may also differ slightly, e.g. by tens of a
Hertz at 1 GHz.

Signal Generator 1 Signal Generator 2

Ext 10 MHz REF [—E_, Synthesizer W RE Synthesizer
: ) Ext. 10 MHz REF ;
| Yo N S ST N - v L fD— RE

= -
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3.2.1 Level 17 10 MHz REF coupling

If the two signal generators are coupled via a common 10 MHz reference signal, they
generate identical RF frequencies. However, the instantaneous relative phase is
instable and the long term stability is poor.

Signal Generator 1 Signal Generator 2

A@_’_L RF _|_ Syizer o

Amplitude Amplitude

AN ANIENNG/A /A
AV IRE\VELY/

This is due to the following factors:

1) Phase noise of the two synthesizers is uncorrelated in time.

2) "Weako coupl iHomgexample, iitille psedrifts by 0.1° in the
10 MHz reference PLL (due to effects such as offset drifts of the phase
detector), the RF phase at 1 GHz will drift by 10°.

3) Dirifts in other components of the signal generation chain such as the
DACs, the I/Q modulator, the power amplifier and the electronic step
attenuator.

4) Temperature differences that cause a change of the effective electrical
length of some synthesizer components. This leads to a thermal phase
drift between the two synthesizers.

As a consequence, 10 MHz reference coupling cannot guarantee phase coherence of
the RF signals with good long term stability.

1GP108_1E

Rohde & Schwarz Generating Multiple Phase Coherent Signals i Aligned in Phase and Time 7



Background

3.2.2 Level 27 1 GHz REF coupling

If the two signal generators are coupled via a common 1 GHz reference signal, the
long term stability is greatly improved. Now, if the phase drifts by 0.1° in the 1 GHz
reference PLL, the RF phase at 1 GHz will drift by only 0.1°. However, the relative
phase is not fully stable due to the same factors as listed for the 10 MHz coupling.

Signal Generator 1 Signal Generator 2

|

Amplitude Amplitude

/\ Phase hase
»
to \/ t,

As a consequence, 1 GHz reference coupling enables phase coherence of the RF
signals with reasonable long term stability.

3.2.3 Level 37 LO coupling

Because factors 1) and 2) are very dominant, there is only one way to optimize the
phase stability of the two signal generators, namely to use a common synthesizer. This
means, the local oscillator (LO) signal of one synthesizer is used in both signal
generators.

Signal Generator 1 Signal Generator 2

1 A
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v

Amplitude Amplitude
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Using a common synthesizer eliminates the factors 1), 2) and 4). Factor 3) remains.

LO coupling enables phase coherence of the RF signals with very good long term
stability. It is the best way to stabilize the relative phase of two RF carriers.

3.3 RF phase control

This section explains how to control and set the phase of an RF carrier. To answer this
guestion we start with a simplified block diagram of the generation chain of a vector
signal generator (VSG).

Baseband DAC | [[e] Step
(modulation Modulator . N
Attenuator
coder)

DACQ é
3 5
o
N Local w
Oscillator x
Synthesizer
/ Reference Frequency 10 MHz

Any kind of modulated signal is generated in the digital baseband (yellow block). It is
possible to impose a phase offset to the digital baseband signal. The DACs provide the
analog 1/Q signal to the 1/Q modulator. The I/Q modulator upconverts the baseband
signal to the RF by using the LO signal from the synthesizer. It is possible to adjust the
phase of the LO signal. The resulting RF signal is then levelled in two steps: variable
attenuation (or amplification for high power) and step attenuation.

In summary, phase adjustment of the RF signal is possible
1 viathe digital baseband by applying a phase offset to the I/Q signal
91 via the synthesizer by applying a phase offset to the LO signal

3.3.1 1 GHz REF coupling

If two signal generators are coupled via a common 1 GHz reference signal, the RF
phase can be set either via the synthesizers or via the digital basebands (in case of a
VSG).

The RF phase of each signal generator can be adjusted to obtain the desired relative
phase between the carriers.

1GP108_1E

Rohde & Schwarz Generating Multiple Phase Coherent Signals i Aligned in Phase and Time 9



Background
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3.3.2

LO coupling

If two signal generators are coupled via a common LO signal, the relative phase can
no longer be set via the synthesizers.

The RF phase of the signal generator which acts as LO master can still be adjusted via
the synthesizer but this setting will also be applied to the signal generator which acts
as LO slave. Setting the RF phases independently is not possible because of the

common synthesizer.
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Ba.seband DAC| 1— a Step
coder) t(p' — Moduator ‘ﬁ — »
I é
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Reference Frequency 10 MHz

To obtain a desired relative phase between the carriers the phase adjustment must be
done via the digital baseband of a VSG.

As a consequence, CW signals must be generated via the baseband in order to be
able to set the phase individually for each RF carrier. These (pseudo) CW signals can
be generated by using DC signals for | and Q (see section 9.2.1 for details).
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4 The Right Instrument

4.1 Phase coherence option B90/K90

Changing the phase individually for each RF carrier is mandatory for phase coherence
applications. In addition, LO coupling is the preferred method to assure stable relative
phases. Consequently, VSGs with LO coupling capability are ideal.

Rohde & Schwarz signal generators present a very compact and easy-to-use solution
for generating phase-coherent RF signals with best long term stability. The generators
can be equipped with a special phase coherence option that enables LO coupling of
multiple instruments by distributing the synthesizer signal of one instrument to the
others. This way, multiple I/Q modulators can be driven by the same LO signal.

Different generator models can be coupled to optimally fit user requirements in terms

of number of phase coherent carriers and RF frequency range. The B90/K90 option is
available for the following instruments:

Instruments with phase coherence option

Instrument Type Option Max RF Freq. RF outputs 1 GHz REF
SMW VSG B90 40 GHz lor2 no
+ external RFs
SMBV VSG B90 6 GHz 1 no
SGT VSG K90 6 GHz 1 yes
SGS VSG (without K90 12.75 GHz 1 yes
internal baseband) 40 GHz with SGU

The B90/K90 option is not available for analog signal generators, because they lack
the possibility to set the phases individually for each RF carrier when LO coupling is

used.

The B90/K90 option has a lower frequency limit of 200 MHz for SMW and SMBV and
i nstrumentséd

80 MHz for SGT and SGS (see alsot h e

Example setup: four-channel system up to 20 GHz

datasheets).

For example, generating four phase-coherent RF signals up to 20 GHz requires one
SMW (two-channel instrument) and two sets of SGS/SGU (serving as external RF
outputs). The whole setup acts as one unit, conveniently controlled via the intuitive
SMW touchscreen. The SMW generates two 20 GHz phase-coherent channels and
also provides the 1/Q baseband signals and the LO signal for the two external RF
outputs. The relative phases between all four RF channels are set digitally in the
baseband on the SMW.
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The Right Instrument

R&S®SGS100A SGMA RF source with
R&S®SGU100A SGMA upconverter

R&S®SGU-Z4 RF signal 4
connection kit

R&S"SGU-24 RF signal 3
connection kit NG

Device
under test

RF signal 2

RF signal 1

4.2 What else is of importance?

For the majority of phase coherence applications, a signal generator or a set of signal
generators need to offer the following capabilities:

Generation of multiple phase coherent RF carriers

Generation of correctly coded baseband signals, one for each RF output
Generation of time synchronous RF signals

Possibility to set phase, level and time offsets for all RF signals individually,
ideally in realtime without signal interruption.

=A =4 =4 =4

Especially the generation of highly synchronous RF test signals is difficult.
Synchronizing multiple signal sources is always a challenge. In addition, time offsets of
external components such as cables need to be compensated.
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The SMW meets all these requirements:

SMW for phase coherence applications

Requirement

SMW feature

Details

Generation of multiple RF
signals

2 internal RF outputs

+ connection of external RF outputs
T upto2SGS
1 upto 2 SGS/SGU combinations
 upto6SGT

See reference [1]

Phase coherence between
RF carriers

LO coupling between SMW RFs and external RFs

See section 4.1

Individual baseband
signals for each RF output

SMW-K76 option for generation of up to eight
baseband signals (e.g. ARB) from a single SMW

See section 5.1

Synchronous baseband
signals

One common baseband section for all baseband
signals with inherent synchronization

See section 8.2.1

Settable phase

Baseband phase offset for each baseband signal.
Settable in realtime.

See section 7.2

Settable level

RF step attenuator and settable digital attenuation
for each RF output. Settable in realtime.

See section 7.4

Settable time delay

Global trigger offset;
Digital time delay for each RF signal. Settable in
realtime.

See section 7.3
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5 Exampl&etups

The Rohde & Schwarz test solution is scalable to optimally meet customer needs. The
number and type of generators needed depends on the required number of phase-
coherent channels and RF frequency.

This section presents some example setups in more detail. It focuses on setups with
the SMW. For a more comprehensive list of possible setups, please refer to the
appendix of this document.

The following table lists some test setups for generating phase-coherent channels. The
small form factor and easy handling of the test setups are unique on the market. The
generators are conveniently controlled via one user interface. Their compact size and
excellent phase stability make these multichannel setups the ideal test solution.

Examples of different setups

MNumber of Frequency Generators Total HU
channels {max.) R&S®

8 6 GHz 1% SMW, 6= SGT 7

4 12.5 GHz 1% EMW, 2 x SGS

4 20 GHz 1 SMW, 2 % SGS, Zx5GU i

8 20 GHz 2 x SMW, 4 x 5GS, 4x 5GU 12

3 40 GHz 1% EMW, 2 x 5GS, 2x5GU g

5.1 8-channel system up to 6 GHz

The K76 option enables the SMW to generate eight time-synchronized baseband
signals from its two internal baseband generators i with individual phase offsets for
each baseband signal. In combination with six SGTs (serving as external RF outputs),
the SMW setup generates eight phase-coherent RF signals up to 6 GHz.

The SMW provides the 1/Q baseband signals and the LO signal for the six external RF
outputs. The SGTs are connected via the digital 1/Q interface. The relative phases
between all eight RF channels are set digitally in the baseband on the SMW (indicated
by the {E—sign I see section 7.2 for details). The maximum RF bandwidth for each
signal is 80 MHz.
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|| Baseband
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| ouT1
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8 baseband
signals
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raour2

Mod B :

The required system configuration on the SMW is 8 x 1 x 1.

Each baseband signal (stream) is routed to a separate output (e.g. digital output
ABBMM10) i n t he ITigwbolesetup acts asameumtrconveniently
controlled via the intuitive SMW touchscreen. How to connect the SGTs is described in
detail in reference [1].

For detailed information about the required instrument options for this setup please
refer to reference [6].

Side note: An 8-channel system up to 6 GHz can also be implemented using eight
SGTs stand-alone. The instruments can be coupled to provide time-synchronized
baseband signals at a maximum RF bandwidth of 240 MHz for each signal. This
solution is ARB-based and controlled by the external software SGMA GUI (see
reference [1]).

5.2 4-channel system up to 20 GHz

The SMW in combination with two sets of SGS/SGU (serving as external RF outputs)
generates four phase-coherent RF signals up to 20 GHz.

The SMW provides the I/Q baseband signals and the LO signal for the two external RF
outputs. The SGS/SGU sets are connected via the analog I/Q interface. The relative
phases between all RF channels are set digitally in the baseband on the SMW. The
maximum RF bandwidth for each signal is 160 MHz.
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