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A key aspect of microwave vector 
network analyzer (VNA) testing is 
minimizing the measurement ef-
fect of the interface to a device 

under test (DUT). Using high stability, low 
insertion loss test port cables and applying 
techniques like reference plane extension 
and fixture de-embedding, VNA users have 
been very successful for years in minimizing 
the effect of the path from the VNA port to 
the DUT for typical microwave and mmWave 
S-parameter measurements. These tech-
niques are less successful with longer dis-
tances or larger DUTs and at high frequen-
cies, as cable insertion loss and instability 
grow significantly, making it more difficult to 

compensate for the path using 
typical bench VNA techniques.

HANDLING LONG 
DISTANCES

Long cable runs between 
the VNA port and the DUT 
occur in applications like over-
the-air (OTA) testing in indoor 
chambers and outdoor ranges, 
as well as measuring the RF/

microwave characteristics of large vehicles, 
like ships and aircraft. A key issue in these 
applications is the insertion loss of the cable 
at microwave frequencies reducing the dy-
namic range of the VNA measurements.

Take, for example, a 5G antenna operat-
ing in one of the mmWave bands (i.e., FR2), 
measured in a typical test chamber (see Fig-
ure 1). At 40 GHz, expensive, quality coax 
cabling has approximately 4 dB/m insertion 
loss. For a moderately sized antenna test 
chamber, 2.2 × 1.98 × 1.2 m, several meters 
of cable are needed to connect the external 
VNA to both the antenna under test (AUT) 
and the feed antenna inside the chamber. 
Assuming a moderate distance of 5 m be-
tween each VNA port and the antennas in-
side the chamber, the cables will add about 
40 dB of loss to a transmission measure-
ment, significantly reducing the effective dy-
namic range of the measurement.

Far-Field Measurements
Many OTA antenna measurements done 

at far-field distances—where the outgoing 
wave front from the antenna is essentially 
planar—significantly increase the size of the 

 Fig. 1  Antenna chamber with 
external VNA.
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wave frequencies, FO cables have 
very low insertion loss, on the order 
of 0.1 dB/30 m at 850 nm. This low 
loss enables them to be used over 
long lengths without significantly 
affecting the measurement signals. 
A FO transmitter and receiver are 
used to convert the RF signal to op-
tical in the transmit path and back to 
RF in the receive path. As with the 
down-conversion setup, the FO so-
lution relies on active components 

if needed, receive the test signal, 
which is down-converted with mix-
ers, along with the local oscillator 
(LO) and IF distribution hardware. 
The lower frequency IF signal has 
less insertion loss from the cable 
run to the VNA. For long distances, 
this will significantly reduce the in-
sertion loss: the same cable with 4 
dB/m loss at 40 GHz may only have 
1 dB/m loss at 4 GHz.

While this approach reduces the 
loss of the received signal from the 
VNA, the cable carrying the LO sig-
nal to drive the mixer will still have 
high insertion loss, because the LO 
frequency is close to the original 
microwave test frequency. Subhar-
monic mixing can be used to lower 
the LO frequency but this will of-
ten reduce the dynamic range of 
the measurement. Also, the down-
conversion approach complicates 
the hardware setup, as the IF and 
LO signals must be distributed, and 
the LO must be amplified to com-
pensate for cable loss, which intro-
duces noise and distortion to the 
measurement. Another drawback 
is the complex calibration required 
to compensate for the effects in-
troduced by down-converting the 
mmWave test signal to IF. This com-
plexity limits the available calibra-
tion and de-embedding techniques 
and the flexibility of 
the measurement.

Fiber-Optic Links
For applications 

where the distanc-
es are 100 m or 
greater—charac-
terizing the shield-
ing and propaga-
tion performance 
of large vehicles, 
like ships and air-
craft (see Figure 
4)—using coax ca-
bles at microwave 
and mmWave fre-
quencies is often 
not practical. One 
solution for this 
application is us-
ing fiber-optic (FO) 
cables to connect 
the VNA with the 
test antennas in 
the setup (see Fig-
ure 5). At micro-

chamber and the cable length be-
tween the VNA and AUT. Antenna 
measurements are made in the 
far-field to simulate the transmis-
sion conditions at the normal op-
erating distance from the antenna. 
The Fraunhofer equation is used to 
calculate where the far-field region 
begins for a given antenna:

=
λ
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where D is the largest dimension of 
the antenna and λ is the wave-
length. For a 40 GHz antenna with 
an approximate diameter of 6 cm, 
the far-field distance starts at 1 m. 
Considering an antenna with d = 15 
cm, which is about the length of a 
smartphone, the far-field distance is 
approximately 6 m at 40 GHz. As 
the antenna size increases, far-field 
measurements will require chamber 
sizes to grow rapidly, increasing the 
effects of cable insertion loss on 
OTA testing.

One way to attain the far-field 
distance while minimizing the size 
of the chamber is placing a reflec-
tor in the chamber, which increases 
the effective transmission distance 
within a given volume (see Figure 
2). Compact antenna test ranges 
(CATR) use a reflector to minimize 
the chamber’s dimensions for a giv-
en test distance, which reduces ca-
ble lengths and insertion loss. While 
using the reflector does reduce the 
size of CATRs, it limits the size of 
the DUT the chamber can test. The 
region where a reflector can main-
tain the plane wave, or focus area, 
bounds the size of the DUT that 
can be tested (see Figure 2b). As 
the size of the DUT increases, the 
reflector must grow significantly to 
widen the focus area, diminishing 
any volume reduction gained by us-
ing reflectors.

Down-Conversion
Another strategy to reduce cable 

insertion loss is down-converting 
the mmWave signal to a lower 
frequency before transmitting it 
through the long interface cables 
(see Figure 3). In this setup, a signal 
generator is placed physically close 
to the transmit antenna, to minimize 
cable length and insertion loss. 
The AUT and a reference antenna, 

 Fig. 2  OTA test chamber using a 
reflector (a), with the corresponding ray 
diagram (b).
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 Fig. 4  Large vehicle shielding and propagation testing.
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 Fig. 3  OTA measurement setup.
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is just the OTA path between the 
two antennas, and a simple flat 
sheet of metal will create the re-
flect and match standards. For the 
reflect standard, the sheet is placed 
to completely block the antenna, 
which reflects the signal power back 
to the antenna and the VNA. The 
algorithm does not require precise 
knowledge of the reflect standard, 
so the positioning accuracy of the 
sheet is not as demanding as might 
be expected. The match standard is 
formed with the sheet at a 45 de-
gree angle from the boresight of 
the antenna, so the sheet reflects al-
most all the signal from the antenna 
and appears like a perfect match.

While portable, independent 
VNA ports eliminate the intercon-
nect issues, they do require precise 
synchronization between the ports 
to ensure accurate S-parameter 
measurements (i.e., with magnitude 
and phase components). Phase 
synchronization between ports in a 
VNA where the source/LO synthe-
sizers are separated over long dis-
tances is complex. The synchroni-
zation must account for source and 
receiver clocking and triggering in 
a way that keeps the relative phase 
stable within a few degrees at the 
measurement frequencies. This can 
be difficult to accomplish in a single 
chassis instrument; to achieve this 
precision over distances greater 
than 100 m requires a new design 
paradigm.

in the signal path between the DUT 
and the VNA, which adds complex-
ity and cost. Because electrical-opti-
cal (EO) modulation is lossy, the EO 
to optical-electrical (OE) conversion 
has poor noise figure, which reduc-
es any dynamic range advantage 
gained from the lower insertion loss. 
Also, because the distances are typ-
ically very long, the setup can be 
difficult.

Another issue with VNA measure-
ments over distance is the phase 
stability of the cable connecting the 
VNA port and the DUT. Changes 
in position or ambient tempera-
ture can cause small deviations in 
the electrical length of the cable, 
enough to produce several degrees 
of phase shift at microwave frequen-
cies. Limiting movement or temper-
ature change to minimize the phase 
drift is difficult, especially for long 
distances outdoors. Figure 6 shows 
an example of the phase change us-
ing a quality, 4 m long cable over 
two 5°C temperature ranges. Even 
with these relatively moderate tem-
perature ranges, the phase change 
is significant. For outdoor applica-
tions, where cable lengths are typi-
cally longer and the temperature 
swings larger, the phase change will 
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 Fig. 5  Test setup using fiber-optic detectors and receivers.
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 Fig. 6  Phase change of a 4 m cable vs. frequency and 
temperature.
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 Fig. 7  Modular VNA setup.
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be even greater.

Restating, the 
main issue with 
measuring over 
long distance is 
getting the VNA 
test signal to and 
from the DUT 
without significant 
loss or distortion, 
which will reduce 
the accuracy and 
stability of the 
measurement.

MODULAR VNA
A novel so-

lution to this is 
the concept of a 
modular VNA. In-
stead of having a 
single instrument 
where the ports 
are co-located in 
a single chassis, 
a modular VNA 
has independent, 
portable mod-
ules placed close 

to the DUT to minimize the cable 
lengths to the ports (see Figure 7).

With microwave source and mea-
surement capability in the portable 
modules, the issue of insertion loss 
and distortion caused by long coax-
ial or fiber interconnects is eliminat-
ed, improving the stability and ac-
curacy of the measurements. Elimi-
nating active components in the 
measurement path, such as the EO-
OE conversion, improves the noise 
performance and simplifies calibrat-
ing the long distance measurement. 
The portable ports enable the cali-
bration planes to be essentially at 
the DUT ports, without intervening 
hardware and flexible VNA calibra-
tion and de-embedding techniques 
can be used, yield-
ing more accurate 
measurements.

To illustrate the 
straightforward cal-
ibration, consider 
an OTA setup using 
horn antennas and 
calibrating with the 
line-reflect-match 
(LRM) technique 
(see Figure 8). For 
LRM calibration, 
the line standard  Fig. 8  Calibrating a modular VNA with LRM standards.
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SUMMARY

For VNA applications like far-field 
antenna and large vehicle shielding 
and propagation measurements, 
several methods can address the 
insertion loss and other negative as-
pects of long interconnect cables. A 
modular VNA architecture presents 
a new alternative for S-parameter 
measurements by eliminating long 
cable runs and simplifying the test 
setup. Bringing the VNA ports to 
the DUT, the modular architecture 
enables flexible calibration and 
de-embedding techniques, which 
improve measurement stability and 
accuracy.n

PhaseLync™ synchronization option. 
The MS46131A is a 1-port VNA with 
an independent source and receiver, 
frequency coverage to 43.5 GHz and 
small size to facilitate connecting to 
antennas and other DUTs. With op-
tional circuitry and cabling, a pair of 
the PhaseLync VNAs can be synchro-
nized to act as the ports in a distrib-
uted 2-port VNA and support mea-
surement setups where the ports are 
separated by more than 100 m (see 
Figure 9). The PhaseLync system 
includes phase compensation to 
improve measurement stability with 
mechanical and thermal changes 
from the environment.

One example of such a modular 
VNA architecture is Anritsu’s Shock-
Line™ MS46131A VNA with the 

 Fig. 9  Distributed 2-port VNA using 
individual 1-port VNAs.


