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In This Field Brief

This field brief will discuss phase-matching cables, S-parameter definitions as they
apply to cable characterization and other cable parameters such as Phase Shift
and Group Delay. Advanced Time-Domain measurements will also be presented as
enhancements to the well-known Distance-to-Fault (DTF) techniques. In addition,
diagnostic tools like the Smith Chart will be briefly described.

Advanced VNA Cable Measurements

For the contractor, engineer or field technician burdened with bringing powerful
instrumentation such as vector network analyzers or vector voltmeters—connected
to a power cord—to a remote field site, the latest generation of handheld, portable
tools offers an amazing array of performance, capabilities, and ease-of-use. The
need for precision measurements in both magnitude and phase at RF and
microwave frequencies is driving a trend toward more portable, field-friendly
instruments. The benefit of portable instruments is in their ability to bring diagnostic
tools to the Device-under-Test (DUT), instead of sending them back to the factory
for maintenance or repair operation. Conducting measurements any time, anywhere
is critical in deploying and maintaining the wireless applications we take for granted
today.

Measuring and computing the most sophisticated cable parameters requires the full
precision of a Vector Network Analyzer (VNA) because it provides both magnitude
and phase of the test parameters. While phase measurements are important, the
availability of phase information provides the potential for many new computed-
measurement features, including Smith Charts, time domain and group delay.
Phase information also allows greater measurement accuracy through vector-error
correction of the measured signal. The flagship VNA Master MS20xxC models, for
example, corrects errors using the 12-term mathematical models found in a
benchtop VNA to ensure utmost measurement accuracy.




VNA Fundamentals

Any RF or microwave component (DUT),
or cable with 2-ports can be functionally Sa1
described by four complex, frequency-
dependent parameters which are called Si1
Scattering Parameters or more commonly
S-parameters. Figure 1 shows that for
Port 1, the S;, parameter reveals the forward
reflected function, while S, describes the
forward transmission funct!on. In turn, at Figure 1. Four scattering parameters
Port 2, the S,, parameter is the “transfer describe the frequency-dependent
function” of the reverse reflection and S, transfer function of a 2-port device or
is the reverse transmission function. cable under test.

Y

A

The VNA Master MS20xxC models have a 2-port 2-path architecture that
automatically measures these four S-parameters with a single connection. There
are three tuned receivers, all phase locked to the test generator and tracking the
generator’s signal as it sweeps the frequency range set by the operator (Figure 2).
The forward sweep from Port 1 simultaneously yields S;; and S,; and the reverse
sweep from Port 2 simultaneously yields S,, and S,,. With a single connection, the
VNA Master quickly provides precision measurements and hands-free operation.

Port 1 821 Port 2
O
g DUT p
S22
S12
] Receiver Receiver |
[ Port 1 Port 2 J
Bridge/ Bridge/
{ Coupler | Reference Coupler —I
L Receiver -
o o
RF Test Switch
Source

Figure 2. The 3-receiver architecture of a modern 2-port 2-path VINA tracks the test signal and
delivers magnitude and phase information on all 4 S-parameters with a single connection.
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Phase data and measurement in all three receivers is carefully maintained to great
accuracy. The microwave test signal is down converted into the passband of the
intermediate frequency (IF) of both test channels. To measure the phase of this
signal as it passes through the DUT, the reference receiver provides the phase
comparison. If the phase of the DUT test signal is 90 degrees, it is 90 degrees
different from the reference signal. The VNA reads this as —90 degrees, since the
test signal is delayed by 90 degrees with respect to the reference signal. The phase
reference can be obtained by splitting off a portion of the microwave signal before
the measurement.

A VNA automatically samples the reference signal so no external hardware is
needed. A variety of complex mathematical computations then provide user-friendly
parameters such as Group Delay or Smith Chart formats for display. The VNA
Master is available as an economical 1-path, 2-port version or a full 2-path, 2-port
version (Figure 3). Both furnish the all-important phase data for the user.

Port 1 S Port 2 Port 1 S Port 2
O Dfar} O Dfape O
S22
S12
Receiver Receiver Receiver Receiver

Port 1 Port 2 Port 1 Port 2

Coupler Reference Coupler Reference Coupler
Receiver Receiver

" Bridge/ " Bridge/ Bridge/ “

|
MS20xxB
RF Test 1-Path RF Test Swich ~ MS20xxC
Source 2-Port Source 2-Path
2-Port

Figure 3. Two versions of VNA instruments are available. On the left is an economical 1-path,
2-port, version, while the full 2-path, 2-port version that can measure all 4 S-parameters
without reconnection is on the right. Either version provides accurate measurements on

cables, connectors, filters, duplexers, combiners, and antennas.




Phase and Group Delay Parameters

The phase characteristics of cables are fairly well behaved. Whether an air dielectric or
a plastic, the phase shift of a signal traveling through a cable is generally linear versus
frequency. Figure 4 shows a plot of phase shift versus frequency, although the lumpy
phase behavior in this figure might be more typical of an active component such as
an amplifier. The importance of a linear phase shift versus frequency is shown in
the plot on the right, which is the differentiated results and is called Group Delay. If
Group Delay is not flat, multiple signals within a transmitter band will intermodulate,
causing serious distortion or bit errors in the case of digital modulations. If video
pulses are being transmitted, the pulse shape will become distorted.

t Group Dela
1 Frequency ® ¢ ue y
> Group
~ I I
¢ A\ —= :4— A® Delay v
_____ TN\ to L /- \ _IN__~L
Ph s
ase( - — _T —————— S N
O~ Average Dela
Ad ~. T Y
-d q) >
Group Delay tg = ——
p Y lg dm Frequency

Figure 4. Phase performance of a cable or component is crucial to its linearity versus
frequency.li When phase linearity is mathematically differentiated, the parameter is called
Group Delay (right). If the Group Delay of a component or cable is not flat, the signals
within a frequency band will intermodulate.

Smith Chart

Antenna technology and design are far more sensitive to phase considerations.
Consequently, in field measurements, it is often crucial to characterize cables and
antennas (or their combination) with a full magnitude and phase measurement.
One of the most convenient display formats for field diagnostics is the Smith Chart.
Originally conceived in the 1930s by a Bell Laboratories engineer named Phillip
Smith, the Smith Chart is simply a plot of complex reflections overlaid with an
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impedance and/or admittance referenced
to a normalized characteristic impedance,
usually 50 Q. It provides a convenient
graphical representation of tedious and
repetitive transmission line equations.
Smith cleverly warped the rectangular 500
grid by wrapping the infinity values for
both reactive +x values around to the
right center, which was the infinity value
for resistive value. In this manner, Smith
allowed all numbers from 0 to + « to be
plotted (Figure 5).

Smith Chart

Inductive

Capacitive

Figure 5. The Smith Chart is a plot of
The signal reflected from a DUT has I and x terms of the impedance of a DUT,
both magnitude and phase. This is where r is the real or resistive term
because the impedance of the cable or (horizontal axis) and */°x is the imaginary

. L . or reactive term of the impedance. By
device has both a resistive and a reactive wrapping the normal plus and minus

term, which is represented as r+jx, vertical axes around to the right infinity
where r is the real or resistive term and x point, all values are easily viewed.

is the imaginary or reactive term. The |,

which is sometimes denoted as i, is an imaginary number and is the square root of
—1. If x is positive, the impedance is inductive. If x is negative, the impedance is
capacitive. The size and polarity of the reactive component x is important in
impedance matching.

The best match to a complex impedance is the complex conjugate. This complex
sounding term simply means an impedance with the same value of r and x, but with
x of opposite polarity. This term is best analyzed using a Smith Chart that is a plot
of r and x, as shown in Figure 5. Depending on the format required, displaying all
of the information on a single S-parameter requires one or two traces. A very
common requirement is to view forward reflection on a Smith Chart (one trace),
while observing forward transmission in log magnitude and phase (two traces). This
dual display is crucial when tuning filters where there is a functional interaction
between the reflection and transmission parameters caused by the tuning itself.

The Smith Chart is one of the most useful graphical aids available to the RF field
engineer today and an advanced measurement capability available in handheld
cable and antenna analyzers. In one glance, the user can see the reflection signal
plotted versus frequency and, if the plot is clustered near the 50 Q center point, the
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component is well matched. Using it, such problems can be solved in mere seconds,
lessening the possibility of errors creeping into the calculations. Because Smith
Chart graphically demonstrates how various RF parameters (e.g., impedances,
reflection coefficients, S-parameters, noise figure circles, and gain contours)
behave at one or more frequencies, it offers an alternative to using tabular
information.

In a handheld cable and antenna analyzer with this advanced measurement
capability, 1-port measurements are displayed in a standard 50 Q normalized Smith
Chart (Figure 6). When markers are used, the real and imaginary components of
the Smith Chart value are displayed. Some cable and antenna analyzers provide
additional options and even a calculator to show the Return Loss, VSWR or
reflection coefficient values of a specific Smith Chart value. Modern analyzers can
display markers which vary from the graph type, e.g. allowing the user to place
VSWR markers on a Smith Chart.

Pairts: 251 IFEW: 1 kHz Power: High
Bias Tee Off Reference Plane P1: 0 mm

TR1: 511

e Marker 1 145.200 MHz

Smaath: 0 %

CAL: ON {0K)
Marmal
G0 ohm

hKT TR1: 145.200 MHz, LM:- 21 36 dB
100.000 MMHz

FregsDist Scale Sweep [l

200.000 MHz

Figure 6. A typical Smith Chart display, such as the one pictured here, can
be used to measure the complex match of an antenna by placing a VSWR
or Return Loss marker on the trace.
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TRI: 521 100
Log Mag 4
Smooth: 0% (90
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10,00 4B/
Ref0.00ap  |-200
-30.0
-400

-50.0

1.730 GHz TR1 2.030 GHz

TR3: 511 |
Smith Chart
Smaoth: 0 %
CAL: OM (OK)
Mormal

50 ohm

TRA: 521
Group Delay
Smoath: 0 %
CAL: O (OK)
10 ns/

Ref 0 ps 1.730 GHz TR3 2.030 GHz 1.730 GHz
WEA TRALLITIE 1,580 OHz, Li:-0.58 B MEA TRALLTZE: 1880 OHz, Li:-0.92dE
KA TRALLITS: 1580 OHz, Z:(48.7 12 ohm, 15928 ohm) WET TR:ALLIT4Y: 1380 GHz, G0:26.534 N5

Freo/Time/Dist

Figure 7. This image depicts a typical quad-display showing multiple characteristics of a
filter, including: reject skirts (upper left), passband (upper right), S, (lower left Smith Chart)
and Group Delay (lower right).

Figure 7 shows a typical combined quad-display of a Smith Chart and forward
transmission parameters including Group Delay (lower right). Group Delay is the
rate of change-of-phase versus frequency. If this rate of phase change versus
frequency is not constant, the DUT is nonlinear. This nonlinearity can create
distortion in communication systems. The result is the intermodulation of multiple
signals which are transiting that particular amplifier or filter. Group Delay is a
powerful diagnostic tool offered as a view on the cable and antenna analyzer trace,
along with other advanced measurement capabilities like the Smith Chart. Both log
magnitude and Smith Chart formats are user-defined.
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Making Cable Phase Measurements in the Field

For measuring absolute insertion phase characteristics of a cable or comparing
phase match between multiple RF/Microwave cables, especially in the field where
access to AC power is limited, a portable VNA is the most appropriate tool. Some
VNA models come with an optional built-in Vector Voltmeter (VVM) capability that
enables a contractor, field technician or engineer to accurately measure or match
the phase parameter in one or a multiple of cables with ease and high accuracy. A
VNA with a VVM capability effectively replaces the functional ratio measurements
of the now obsolete VVM and the signal generator.[1]

Many RF/Microwave systems depend on multiple antenna elements to create their
transmitted beam, often with exceedingly precise requirements on the insertion
phase or the phase match between the transmit cables. As an example, consider
that precise directional characteristics are needed for the VHF Omnirange (VOR)
navigation antenna systems at most airports. Detailed procedures are published for
maintenance personnel to provide the exact phase match between cables. Glide
slope antenna cables also require careful phase matching.

As shown in Figure 8, a VNA can be configured to make both 1-port and 2-port
phase measurements at selected Continuous Wave (CW) frequencies. Figure 9
shows that unlike VVMs, the portable network analyzer permits close access to test
cables and antennas.

Vector
Voltmeter

Signal
Generator

Figure 8. With built-in test signal source and directional devices to detect forward and reverse
power, the battery powered handheld VINA (on right) is self-configured for making field cable-
phase measurements. The older VVM technique (left) requires an external signal generator.
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Insertion and Reflection are two
common techniques employed
by the VNA to obtain cable-
phase measurements. Both are
based on S-parameters. The
preferred method, Insertion, utilizes
the VNA's 2-port setup to make
insertion phase measurements
by measuring the S,; vector
transmission from Port 1 to Port
2 through the cable. This allows
the operator to determine the
phase shift of the component or
cable from its input connector to

J / “.
its output connector. Measured - ‘

S,; data is displayed as cable  Figure 9-9. In contrast to a bulky VVM system with
in dB, while power cords, the portable network analyzer moves
in close to the test cables and antennas to
streamline installation and maintenance of systems.

insertion loss
insertion phase is displayed in
degrees.

Reflection, on the other hand, measures the reflected signal Sy, on a test cable, and
is dependent on the far end of the cable being deliberately mismatched—either
shorted or left as an open circuit. With the deliberate mismatch, virtually 100% of
the input signal is reflected and as a result, the phase delay of the measured
reflected signal is equal to twice the one-way phase of the cable. Similarly, the
cable measured return loss is twice the one-way loss.

This reflection technique is especially useful in situations where the operator must
manually create multiple phase-matched cables using the “measure-and-snip”
operation. This operation requires the contractor, engineer or field technician to
carefully snip small amounts of cable with a diagonal cutter, perhaps 1/8th inch at a
time, and re-measure the effect on the 2-way phase. The reflection technique is
also useful on already installed cables where the far end cannot be brought near
the VNA instrument.




Two-Port Measurements

As shown above, phase measurements can be made in both reflection (S4;) and
insertion (S,;) modes. The 2-port phase measurement can use both high
(approximately 0 dBm) and low (approximately —25 dBm) power settings. However,
prior to conducting a 2-port measurement with a network analyzer, the instrument
must be calibrated as shown in Figure 10. To begin calibration, select a CW
frequency and choose 2-port calibration. Set-up a 2-port connection to the DUT and
then select “insertion” as measurement type prior to commencing the 2-port
calibration process, which in this case uses Short, Open, Load and Thru (SOLT)
standard components (Figure 11).

OSLN50,N(m)
OSLNF50,N(f)
[ OPEN
‘ ¥ =
P -[] LoAaD

FEMALE

MALE

(Optional)

15NNF50-06B

60cm Cable ==l 15NN50-06B

N(m) to N(f) 60cm Cable
N{m) to N(m)

VECTOR VOLTMETER

122.59  deg

Figure 10. This VNA calibration procedure provides the zero-phase reference out at the end
of two extension test cables for later insertion-phase measurements. The calibration
algorithm requires a through connection so it's important to setup a male-female interconnect
scheme as shown to ensure a precise zero-phase reference.
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Note that when preparing system cables for
precise match to other cables and the
connectors of the cable under test are both
the same gender (e.g., male-male), an extra
female-female insert must be used in the
calibration routine and its insertion effect on
phase shift computed out of the final results.

For phase-matching cables, a good general
practice is:

Step 1. Connectorize the first (reference)

Figure 11. Convenient calibration
cable on both ends. g

components for the VNA provide the

Step 2. Make an insertion phase measurement Open, Short and Load standards for the
and store the data. SOLT calibration procedure.

Step 3. Cut a second cable to length, being careful not to cut shorter than the
reference cable, and connectorize it on both ends.

Step 4. Measure the second connectorized cable and compare it to the first
(reference) cable.

From the difference observed, the user can estimate the trim required for the second
cable. For more accurate trimming, one of the second cable’s connectors must be
removed and the center conductor trimmed. Re-connect the connector back for
another measured comparison with the first cable. Although, it may be difficult to
trim the cable correctly the first time, experienced users often achieve success in
the first two or three tries. However, this practice of measure-and-cut varies with
frequency. Lower frequencies (VHF) will likely be in the 1/16th to 1/8th inch range
for final iterations, while at 1 GHz and above, the re-connecting might only involve
unsoldering the center conductor and trimming it 1/32 of an inch or less, and just
letting the solder cool.

For example, at 118.5 MHz, 1.0 inch length of 1/4 inch diameter Andrew Heliax®
with a phase velocity Vp = 0.84, equals approximately 4.28 degrees, while at 332.3
MHz, it equals 12.05 degrees. Often times, trimming the cable precisely for the last
few tenths of a degree can be very exacting. Nevertheless, with careful and clever
attention to detail and data, users can establish their own learning curve. The 2-port
measurements taken appear on the analyzer’s display window as shown in Figure 12.




Anritsu os/2s/2009 05:28:01 pm
CW Frequency

110.000 MHz

VECTOR VOLTMETER

Measurement Type

Freq: 110.000 MHz Cal: ON i L

Save
Mew
Reference

Clear

Reference

Save/Recall

Figure 12. The VNA’s VVM display shows the insertion signal loss (—0.70 dB) and phase
shift (46.49 deg) for the test frequency of 110 MHz. These quantities are derived from the
VNA’s measurement of S,,.

One-Port Phase Measurements

The reflection or 1-port phase measurement is favored when one end of the cable
cannot be brought up to the test instrument. Or, in cases where “measure-and-snip”
operations must be performed to create cables of exactly the right phase length for
a prescribed frequency. Prior to making these measurements, the VNA must be
calibrated for 1-port measurements using the Open, Short, and Load setup shown
in Figure 13.When using this technique to measure a cable’s phase length, it is
assumed that the raw end of the cable reflects back 100% of the power. This
condition is dependent on frequency. An open coaxial cable end will reflect virtually
all of the power back at low frequencies (below 500 MHz), but might function as a
non-efficient antenna at microwave frequencies. Thus, at higher frequencies the
reflection is not complete. While in the VHF range, 100 to 500 MHz, an open end
offers 100% reflection.
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OSLN50,N(m)
_ +[[oPEN]
)/”’a [ |SHORT|
L[]
(Optional)
15NNF50-06B
60cm Cable ===l
N(m) to N(f)

Figure 13. The reflection or 1-port phase measurement is the preferred procedure for
cable measurements when both ends of the test cable cannot be brought to the
instrument. Prior to making these measurements, the VNA must be calibrated for 1-port
measurements using the Open, Short and Load setup.

Depending on the model, the VNA is capable of measurements up to 4, 6 or 20 GHz.
At these higher microwave ranges, users are advised to prepare the cable center
conductor and braided shield to be electrically shorted, such as by soldering the two
together to ensure a good short. This extra soldering step complicates the “measure-
and-snip” technique since once the required phase is obtained by multiple snips, the
final addition of the real connector starts with a slightly damaged cable end. Nonetheless,
with a little experience, the user will understand and adapt to the process.

While interactively measuring and snipping cables for matched phase may be a tedious
job, it is made faster by experience. Two tips that can help with this task include:

Tip 1. At any one frequency, cut the cable to be prepared several inches longer than
the final length. Solder the raw end, creating a good short and take a measurement.
Next, cut off exactly one inch of cable, solder it identically again and take another
measurement. Note the change in phase from the removal of the one inch segment




and calculate the amount of phase difference for, say, 1/8th inch. When the snip
procedure brings you closer to the final desired value of the measured phase, you
will have a good idea of how much more to snip.

Tip 2. Using the 1-port method, make a shorted-end phase measurement and note
the value. Attach the final cable connector at that length using the normal connector
attaching process. Next, make a 2-port connector-to-connector insertion phase
measurement, as described above in Tip 1, and note the difference in phase. This
correction value can be utilized in later steps when converting from the raw end
measurements to the final connectorized configuration.

For comparing multiple cables for matched phase, the VNA can save measured
phase and amplitude values of multiple cables in the memory of the portable cable
and antenna analyzer as a convenient table. With this feature, the operator can
save the first cable measurement as a reference, view the differences between the
reference cable and other cables, and then output a final report showing both
absolute and relative values of all cables. As an example, Figure 14 shows a

Anritsu osrz4/2009 03:31:25 pm

Tahle
VECTOR VOLTMETER TABLE CW Frequency
322.000 MHz
Freq: 322.000 MHz CAL: ON (CK)
heasurement Type
Reference(REL) -1.19dB 122.63 deg

RELAmp | Phase | REL Phase
1 -1.75d8]  -0.56 dB| -161.14 deg

Return Insertion

Select Cable

;
2 0.00dB[  0.00deg —

3 0.00 dB 000dB|  000deg|  0.00deg o

4 0.00 dB 0.00dB]  0.00deg|  0.00 deg { Reference

5 0.00 dB 000dB|  000deg]  0.00deg Clear

B 0.00 dB 0.00dB|  0.00cdeg] 0.0 deg N

7 0.00 dB 000dB|  000deg| 0.0 deg e

8 0.00 dB 0.00dB|  0.00deg|  0.00 deg

Port 1 Port 2

9 0.00 dB! 0.00 dB 0.00 deg 0.00 deg
10 0.00 dB 0.00 dB 0.00 deg 0.00 deg
11 0.00 dB! 0.00 dB 0.00 deg 0.00 deg
12 0.00 dB! 0.00 dB 0.00 deg

Figure 14. This screen capture displays results for multiple cables, showing both
measured values of phase and amplitude for each cable. On the right is a typical soft key
“Measurement Menu” cluster, showing the operator choices as the measurement progresses.
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display table with measured values of phase and amplitude for each cable. Their
relative phase and amplitude, with respect to a chosen “golden standard cable,” is
shown in the top box as the REL standard.

Exploiting the Time-Domain Algorithm

For contractors, engineers and field technicians, the ability of time-domain analysis
to separate impairments by time or distance is a powerful tool to analyze cables for
faults. The instrument displays that provide DTF capture all the discontinuities that
may occur due to a loose connection, corrosion, aging effects, or physical damage.
This section will discuss special variations of Time-Domain measurements as
applied to cable characterization, and distributed transmission elements where the
ability to separate S-parameters by distance or time is a very valuable tool.[2]

Frequency Domain Reflectometry

If you send a single-frequency test signal down the cable of Figure 15, with its
distributed impairments, adapters, crushed cable, or end-short, you'll get back a
single reflection made up of all the individual discontinuities, all added up in their
random phases, depending on their position.

Initial
Launch

Figure 15. Reflections from individual discontinuities add up in random phase at any one
test frequency.

If you set up for a swept frequency range of test signals, and store all the resulting
magnitude and phase information, you have all the information needed for an
extremely powerful diagnostic technique called the inverse Fast Fourier Transform.
The measurement technique is called Frequency Domain Reflectometry (FDR) and
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the VNA Master is configured to use operational frequencies (instead of DC-based
pulses from the classic TDR approaches) to more precisely identify discontinuities.
When access to both ends of the cable is convenient, a similar time-domain analysis
is available on transmission (S,{) measurements t00.[3l. 4]

Figure 16 shows the resulting computations, plotted in terms of reflection magnitude
in dB versus the distance from the reference plane of the test.

— TR T TFEW. 10 kHz VG - Fower. Figh
Bias Tee Off Reference Plane P1: 0 mm P2: 0
TR1: 811 10.0
Log Mag
Smooth: 0 %
CAL: ON (OK) ™% T I I -
10.00 dB/
Ref 0.00 ¢B
-100
MK3
g Ma
oot -20.0
d -300 g s
-40.0
TR3: 511
Log Mag -50.0
Smooth: 0 %
CAL: ON (OK) |
10.00 dBf 500
Ref 0.00 ¢B
|
-70.0
'M"| RiR '
-10m TR3 70
MK1 TR3: 1 cm,LM:-36.09 dB MK2 TR3: 33.16 m,LM:-36.885 dB
MK3 TR3: 56.48 m,LM/2:-9.94 dB

Figure 16. This typical standard DTF display of discontinuities versus distance gives the
technician a head start on tracking down faults.

Experienced technicians often run a DTF sweep when the system is operating in
proper performance, and store it as a reference. A current readout, during a fault
outage, can then be compared against previous measurements in order to determine
whether any degradations have occurred since installation (or the last maintenance
activity). Marker functions can be utilized to help identify the precise location of
those degradations. Moving left to right in the display, we can see the initial launch
(MK1), the adapter (MK2), and the short at the far end of the cable (MK3). Using
time-domain analysis, it is easy to interpret the discontinuities as normal or faults by
simply looking at the location and amplitude of the peaks (Figure 17).
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Figure 17. Optional time-domain analysis offers trace selections for the horizontal axis in
frequency, distance or time scales. This screen simultaneously shows Distance-to-Fault
and Cable Loss (Log Mag/2) for S;; and S»,.

With the Time Domain Analysis (Option 0002), the VNA Master can also display the
S-parameter measurements separated in the time or distance domain using this
popular analysis mode. The broadband frequency coverage coupled with 4,001
data points means that you can measure discontinuities both near and far with
unprecedented clarity for a handheld tool. With this option, you can simultaneously
view S-parameters in frequency, time, and distance domain to quickly identify faults
in the field.

Waveguide Transmission Lines

For microwave systems, with high power transmitters, the transmission line is often
fabricated of waveguide. In the field, waveguide flanges can leak moisture and the
condensation is a strong absorber. Also, the soft aluminum or brass waveguide is
subject to physical damage in place. To handle waveguide lines in the field, the VNA
Master also contains the mathematical functions which can compensate for the
dispersion effect of the velocity of propagation in waveguide transmission lines.
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One Way Versus Round Trip

With the ability to transform any S-parameter to the time domain, one question that
arises is whether the time or distance that is plotted represents a one-way or a
round-trip propagation. The one-way propagation represents the transmission (or
2-port) measurement, in which the signal is transmitted from one port, propagates
through the DUT and is received on the second port. One-way propagation occurs
when transforming S, or Sys.

The round-trip propagation represents a reflection (1-port) measurement, in which
the signal is transmitted from one port, propagates through the DUT, fully reflects at
the end of the device, and is received back at the same port. One-way propagation
occurs when transforming Sy, or S,,.

The VNA Master handles one-way and round-trip propagation differently in the time
and distance domains. In the time domain, the VNA Master plots the response
against the actual time the signal travels from the transmission port to the receiving
port without accounting for whether the measurement is transmission (2-port) or
reflection (1-port