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Introduction to the SN5090 Multiport VNA

Introduction

Modern RF applications are constantly evolving and demand increasingly sophisticated
test instrumentation. 5G systems often have multiple channel outputs for beamforming,
and it is common to have multiple frequency bands aggregated into a single RF front-
end sub-system. High-speed digital media often contain multiple balanced lines which
might require testing. A 16-port VNA can completely test a cable with four balanced
pairs for insertion loss, return loss, near-end crosstalk, and far-end crosstalk. A multiport
vector network analyzer is a convenient tool to evaluate all these systems.

The SN5090 Multiport VNA

The SN5090 is a 9 GHz multiport VNA, which may be ordered in 6, 8, 10, 12, 14, or 16-
port configurations.
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Figure 1 - SN5090-16, 16 Port VNA

Ports on this VNA may be grouped and calibrated separately. For instance, ports 1
through 4 might be grouped and calibrated from 1 to 2 GHz with SMA connectors, while
ports 5 and 6 might be designated to make a 2-port measurement from 5 to 6 GHz with
N connectors and so forth.
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Performing a full 16-port calibration requires performing an Open/Short/Load (OSL) 1-
port calibration on each port, and potentially a thru calibration between every possible
pairing of ports, or 120 pairs. The 1-port calibration is always required, but a
mathematical shortcut may be employed to shorten the thru calibration to a total of
fifteen thru measurements. This shortcut can be performed by connecting ports 1 to 2, 1
to 3, 1 to 4, through 1 to 16.

The new user interface (UIl) for the multiport VNA is logically organized, intuitive, and
easy to use.
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Figure 2 - Multiport Ul

As with all CMT VNAs — except the M series — the SN5090 includes all of the advanced
analytical features, such as time domain analysis and gating, at no extra cost.

Applications

Multi-channel RF systems are quite common in 5G applications. Beamforming requires
a number of channels with amplitude and phase control. Figure 3 shows a six-channel
system, which might need to be verified with a VNA.
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Figure 3 - Example of a 6-Channel System for Beamforming

Measuring a system such as this with a 2-port VNA would be time-consuming, and if the
end result needs to be a full 6-port touchstone file, this would have to be compiled from
six separate s2p files.

The testing of high-speed digital cables demands the use of a multiport VNA. An HDMI
cable contains four balanced twisted-pair transmission lines. To measure the differential
insertion loss, return loss, near-end crosstalk, and far-end crosstalk of all four pairs,
connect each wire on each end to a different VNA port, for a total of 16 ports as shown
in Figure 4. As USB-C evolves to even higher speeds and replaces HDMI, there will be
an even greater need to verify the capabilities of the cables and connectors at higher
frequencies.
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Logical VNA
Ports Ports

Figure 4 - Four Balanced Lines

With appropriate fixturing, connectorized cables may be connected and quickly tested
with automation, or with pass/fail limit lines set up on the VNA.

Front-end RF modules with multiple inputs and upconverted/downconverted outputs are
common in satellite communications systems. A multiport VNA can be configured to
measure all inputs and outputs, potentially using one or more ports set to zero-span
mode to generate fixed LO signals required by the module. Frequency offset mode may
be used to measure the conversion efficiency of an upconverter or downconverter.

It is often necessary to measure an array of DUTs. The 16-port VNA can make eight 2-
port measurements, one after another. This may be needed for production testing or
temperature testing of an array of DUTSs, as shown in Figure 5, to ensure thermal
compliance.
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Figure 5 - DUT Array Measurement
Using a Switch Matrix

A switch matrix may be used to multiplex the ports of a 2-port VNA to any number of
ports. A full matrix switching system can connect each port of the VNA to any one of the
output ports. This is the most complicated configuration and the slowest. Simpler
configurations may only fan out ports 1 and 2 separately to multiple outputs, perhaps to
make measurements of the two ends of a bundle of cables. Figure 6 shows a simple 8-
way switch that could measure the A and B ends of eight cables. This cannot measure
any coupling or interaction between the cables.
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Figure 6 - Simple 8-Way Fan-Out for 2-Port VNA
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Taking as an example when eight cables are being tested from 1A to 1B, 2A to 2B, and
so on, this simple fan-out configuration would make 8, 2-port measurements in 16 VNA
sweeps — one forward and one reverse measurement. That is 2N sweeps for N ports. N
or 8 de-embedding files are required.

If you need to measure from every port on the left side to every port on the right side,
then the number of sweeps rises dramatically. For the case shown in Figure 6, this
would require 2*(8x8), which is 128 total sweeps or 2N? in general. N2 or 64 de-
embedding files are required.

Measurement time per point for a VNA is typically 1.5/IFBW worst case. For a 1,000
point sweep at a 10 kHz IF bandwidth, this is 150 mS per sweep. The simple (2N) fan-
out would require 2.4 seconds to complete, and the more complicated switching (2N?)
would require 19.2 seconds.

An 8-port full matrix switch is shown in Figure 7. While SP4T switches are more
common, you can also use SP8T switches. Here, either port of the 2-port VNA may be
routed to any of the eight output ports. This has 8x7 possible switch positions, or N(N-
1). A 16-port version of this would be required to perform the same task as the system
in Figure 6, measuring eight cables end to end along with coupling and interaction
between any pair. This would require 2(16*15) sweeps, or 480 sweeps, taking 72
seconds to complete. N*(N-1) or 240 de-embedding files would be required.
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Figure 7 - Full Matrix 8-Port Switch
Multiport VNA Measurement

The multiport VNA switches the stimulus signal from one port to the next while the
receivers on every port are active simultaneously, as shown in Figure 8. The incident
port is only relevant on the active stimulus port.
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Figure 8 - Multiport VNA Block Diagram
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Making the full 16x16 matrix S-parameter measurement only requires 16 switch states
and 16 (or N) sweeps. This takes 2.4 seconds for 1,000 points in a 10 kHz IFBW, 30x
faster than the full matrix switch approach. No de-embedding files are required, only the
16-port calibration. This is clearly the fastest and most accurate way to make a 16-port
measurement, or even a 6, 8, 10, 12, or 14-port measurement.

Switch Network vs Multiport Comparison

While a switch matrix might be appropriate for a very simple measurement system, the
complexity increases dramatically for a full matrix configuration. These complex
switches can be painfully slow, as mentioned earlier. Additionally, the need for hundreds
of de-embedding files, which may need to be re-generated from time to time, is a
daunting prospect.

The insertion loss through multiple switches reduces the dynamic range of transmission
measurements and greatly affects the accuracy of reflection measurements. A one-way
loss through the switch network of 10 dB becomes 20 dB for a reflection measurement.
Most VNAs are only specified to 35 dB for reflection, so this would increase to 15 dB. In
other words, it would be impossible to measure a DUT with 20 dB return loss with any
accuracy. If the loss through one leg is 10 dB, then a transmission measurement would
also see two of these losses, and the dynamic range would decrease by 20 dB total.

Port-to-port isolation of typical RF switches can run from 45 dB to as high as 90 dB for a
high-quality absorptive switch. The internal port-port isolation in the VNA is 140 dB or
so, low enough that the leakage signal is below the receiver noise in a 10 Hz bandwidth.
This reduction in isolation results in significant degradation of the measurement
dynamic range.

Mechanical switches have a limited lifetime, usually between 1 and 5 million cycles. In a
production environment, this might not last very long. These switches also have a

specified repeatability error which cannot be corrected and must be added to the overall
uncertainty of the DUT measurement, with one added uncertainty per switch in the path.

Conclusion

The SN5090 Multiport VNA is a great solution for many applications. The speed,
accuracy, and ease of use compared to a switch matrix has been detailed here. Please
feel free to examine this product on our website along with our other VNA products and
accessories.
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