A
Society of Cable
Telecommunications
. Engineers
————

ENGINEERING COMMITTEE
Interface Practices Subcommittee

AMERICAN NATIONAL STANDARD

ANSI/SCTE 03 2008

Test Method for Coaxial Cable
Structural Return Loss



NOTICE

The Society of Cable Telecommunications Engine®@IE) Standards are intended to serve the
public interest by providing specifications, testthods and procedures that promote uniformity
of product, interchangeability and ultimately tbad term reliability of broadband
communications facilities. These documents shalimany way preclude any member or non-
member of SCTE from manufacturing or selling pradumt conforming to such documents, nor
shall the existence of such standards preclude\bkintary use by those other than SCTE
members, whether used domestically or internatignal

SCTE assumes no obligations or liability whatsogweany party who may adopt the Standards.
Such adopting party assumes all risks associatédadoption of these Standards, and accepts
full responsibility for any damage and/or claimsiag from the adoption of such Standards.

Attention is called to the possibility that implemation of this standard may require the use of
subject matter covered by patent rights. By pubbceof this standard, no position is taken with
respect to the existence or validity of any patagtits in connection therewith. SCTE shall not
be responsible for identifying patents for whiclicanse may be required or for conducting
inquiries into the legal validity or scope of thqsents that are brought to its attention.

Patent holders who believe that they hold patehisiware essential to the implementation of
this standard have been requested to provide idfibornabout those patents and any related
licensing terms and conditions. Any such declarstimade before or after publication of this
document are available on the SCTE web sitetpt//www.scte.org

All Rights Reserved

© Society of Cable Telecommunications Engineers, 2008
140 Philips Road
Exton, PA 19341



TABLE OF CONTENTS

1.0 SCOPE AND DEFINITIONS .....oeiiiiiiieee e
2.0  TEST SAMPLES ...t 2
3.0 EQUIPMENT - VARIABLE BRIDGE METHOD ........ccoevviiiiiiiciiie. 2
4.0 MEASUREMENT METHODOLOGY - VARIABLE BRIDGE ............ 3
5.0 INSPECTION ..ottt 5
6.0 EQUIPMENT — FIXED BRIDGE METHOD ......cccooviiiiiiiiiiiiiiiiiiiiiiis 5

7.0 MEASUREMENT METHODOLOGY - FIXED BRIDGE....................6

8.0 INSPECTION ..ottt 9
9.0 REPORT ..t 9
10.0 ERROR ANALYSIS. .. ot 1Q.



1.0

SCOPE AND DEFINITIONS
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1.2

SCOPE

111

1.1.2

1.1.3

The purpose of this procedure is to provide instons to measure cable
structural return loss (SRL). There are two testhods presented, as the
accuracy, ease-of-use, and required test equipditfets for each test
method. The two methods, with their major advargaged deficiencies,
are described below:

Variable Bridge Method: The return loss of a cableneasured, while
varying the impedance of a reflection bridge, uthié return loss is
minimized. This method requires simple, magnituddy o(scalar)
measurements, but is subject to errors from théecatnnection, and
operator skKill.

Fixed Bridge Method: The cable impedance as atiomof frequency
is calculated from a vector (magnitude and phas&)rm loss. The
average of this impedance across the desired fregueange is the
“cable reference impedance.” The structural retloss is calculated
from the cable impedance as a function of frequesmcgt the cable
reference impedance. This may be automated, butiresqga vector
network analyzer, and may be subject to errors ttueghe cable
connection

DEFINITIONS

1.2.1

1.2.2

1.2.3

1.2.4

Structural Return Loss (SRL): The return losshef ¢table relative to its
own impedance.

Return Loss: The ratio of reflected signal to deeit signal, expressed
in dB.

Bridge: A device for separating the incident agrflected signals in a
return loss measurement.

Network Analyzer: An instrument for measuring th&ept frequency
response of a cable.



2.0

3.0

TEST SAMPLES

2.1

2.2

2.3

SRL on cables is typically tested on whole reelse Tests are to be performed
from each end of the cable. The cable to be tesiest be terminated in a proper
load. A fixed 75 ohm termination is sufficient fioormal cable lengths. The effect
of the end termination is reduced by twice the edbks, such that for long
lengths of cable, the end termination is not sigaift. For shorter lengths of
cable, the end termination return loss plus twiee ¢able loss must be added to
the error analysis.

The input cable connector must be high qualityther measurement results will
be affected. The cable must be prepared accordimgthe connector
manufacturer’s instructions. Improper cable prefi@mamay be a major source of
error in SRL measurements.

The cable to be tested should not have any dankages, sharp bends, etc., or
other faults which can cause discreet reflectidimese cable faults will typically
cause errors in the SRL test.

EQUIPMENT - VARIABLE BRIDGE METHOD

3.1

3.2

3.3

3.4

3.5

3.6

3.7

Network Analyzer (NA), such as Agilent 8753 or aglent, with reference and
test channels.

“Two-resistor” power splitter, such as Agilent 1¥@6or equivalent.
Two (2) 50—750hm Minimum Loss Pads, such as Agilent 11852B onedent.

Variable impedance bridge, such as Wideband EngmgeeA56UTD/S or
equivalent.

Calibration Kit, such as Agilent 85036B, or equesa

Test port to cable adaptor (2 needed) for the gizable under test. For example,
a Corning/Gilbert model GTC-700-GHZ-N, or precisi@st connector rated to 1
GHzor equivalent, for a 700 size cable.

Equipment Setup is shown in Figure 1 (following @ag



4.0
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Figure 1: Equipment Setup, Variable Bridge Method

MEASUREMENT METHODOLOGY - VARIABLE BRIDGE

4.1

4.2

Set up the network analyzer as shown in Figure €. tBe variable bridge
impedance knob to 75 ohms, and the capacitance tkn@l0 pF.

Set up the network analyzer (NA) for a reflectioreasurement, as per the
manufacturer’'s instructions. Set the start frequeat 5 MHz; set the stop
frequency at 1002 MHz, choose the maximum numbepaohts (e.g., 1601).
Structural return loss effects can be very narrowréquency span, as they are
caused by the cumulative effects of small reflextialong the entire length of the
cable. For this reason, the frequency spacinge@htkasurement points is related
to the length of the cable.

For the worse case, reflection from the far enthefcable may combine with near
end reflections at a frequency spacing that reptesane-half wavelength of the
cable. For very long cables, such as 800 metexsu{e2600 feet), the frequency
spacing may be as narrow as 150 kHz. The narrdwezgiency spacing necessary
may be calculated by the formula:



4.3

4.4

fspacing: (VOP*C)/(2*L)

where:
VOP - Velocity of Propagation (percent of C/1,00)
C- speed of light, and
L- cable length.

Higher loss cables may not require the narrowestjuency resolution. The
frequency resolution must be sufficient to captumg SRL peaks.

It may not be possible to take a single sweep ef ietwork analyzer with
sufficient resolution to see the SRL peaks. Theluwt®n of the measurement can
be increased by making several full band sweep#$ wsiightly offset start
frequencies, changing the start and stop frequetocyobtain the required
resolution each sweep, until the entire range V@@ (in this example, 995 MHz
divided by 1601 points yields about 600 kHz pempaihus four sweeps starting
at 5.00 MHz, 5.15 MHz, 5.30 MHz and 5.48Hz would be needed to ensure
proper coverage). As an alternate method the bande broken into 4 segments
5-250 MHz, 251-500 MHz, 501-750 MHz and 751-1002 MH

For some analyzers, it may be necessary to sloveweep time to ensure good
measurements, especially on long cables. Consuitfaeturer’s information for
recommended sweep times.

Perform a calibration (error correction) followitlie manufacturer’s instructions.
For a scalar network analyzer, this is an open penfshort response
normalization. For a vector network analyzer, tiisa 1-port open/short/load
calibration.

Connect the cable to be tested to the variable dapee bridge. Adjust the
impedance knob until the low frequency part of tteee is lowest (best return
loss). Adjust the capacitance knob to “lay dowré thigh frequency part of the
trace. This adjustment compensates for mismatt¢harcable’s input connector.
Continue adjusting the impedance (Z) and capa®@t@6¢ knobs until the trace is
as low and flat as possible. A typical network gmat display is shown in Figure
2. Notice that the low end frequency response jigstedd to be as low as possible
with the “Z” knob, then the trace is flattened wilie “C” knob. Do not artificially
raise the low end to improve reflection responséhan mid- or high-end range.
The marker is set to the worst case (highest) meloss point. This value is
recorded as the structural return loss.
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Figure 2: Typical display of a variable impedandéede measurement with marker 1
placed at the worst case SRL peak.

5.0 INSPECTION

After the lowest, flattest trace has been obtaimedd the worst case peak value and
frequency. This is the structural return loss, otBBL peak values and frequencies may
be recorded if desired.

6.0 EQUIPMENT - FIXED BRIDGE METHOD

6.1 Network Analyzer with impedance (or built-in SRL)esasuring capability,
Agilent 8753, or equivalent, including fixed impeda (75 ohm) test bridge, if
required.

6.2  Calibration Kit, such as Agilent 85036B, or equévatl
6.3  Computer or built in analyzer functions, to prockssd impedance data.

6.4  Termination (75 ohm load) for far end cable terrtiora Note: the load in the
calibration kit may be used.

6.5 Test port to cable adaptor (2 needed) for the gizable under test. For example,
a Corning/Gilbert Model GTC-700-GHZ-N, or precisitast connector rated to 1
GHz or equivalent, for a 700 size cable.

6.6  Equipment setup is shown in Figure 3.
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7.0 MEASUREMENT METHODOLOGY - FIXED BRIDGE

7.1

Set up the network analyzer (NAdr a reflection measurement, as per the
manufacturer’'s instructions. Set the start frequeat 5 MHz; set the stop
frequency at 1002 MHz, choose the maximum numbepaofts (e.g., 1601).
Structural return loss effects can be very narrowréquency span, as they are
caused by the cumulative effects of small reflextialong the entire length of the
cable. For this reason, the frequency spacinge@htikasurement points is related
to the length of the cable.

For the worse case, reflection from the far enthefcable may combine with near
end reflections at a frequency spacing that reptesene-half wavelength of the
cable. For very long cables, such as 800 metexsu{e2600 feet), the frequency
spacing may be as narrow as 150 kHz. The narrodresfuency spacing

necessaryfspacmg is calculated by the formula in Section 4.2. Higloss cables

may not require the narrowest frequency resolutibme frequency resolution

must be sufficient to capture any SRL peaks.

It may not be possible to take a single sweep ef ietwork analyzer with
sufficient resolution to see the SRL peaks. Theluwt®n of the measurement can
be increased by making several full band sweep#$ wsiightly offset start
frequencies, changing the start and stop frequetocyobtain the required
resolution each sweep, until the entire range V@i (in this example, 998Hz
divided by 1601 points yields about 600 kHz pempaihus four sweeps starting
at 5.00 MHz, 5.15 MHz, 5.38Hz and 5.45 MHz would be needed to ensure
proper coverage). As an alternate method the bande broken into 4 segments
5-250 MHz, 251-500 MHz, 501-750 MHz and 751-1002 MH



For some analyzers, it may be necessary to sloveweep time to ensure good
measurements, especially on long cables. Consarufacturer’s information for
recommended sweep times.

7.2  Perform a calibration (error correction) for eacbgtiency range following the
manufacturer’'s instructions. For a vector networkalgzer, this is a 1-port
open/short/load calibration.

7.3  Connect the cable under test to the network analgst port. Terminate the far
end of the cable in 75 ohm matched termination. deathe return loss over the
frequency span.

7.4  Using a computer, or built in analyzer functionyi@malize the return loss to the
average impedance value of the cable, as measuN$I/SCTE 66 2003. The
re-normalization may be done as shown in the raxt $teps.

7.4.1  Step 1: Calculate the cable impedance, as a funofifrequency using:

1+ r(w)

Zin(W) = 2o rw)

where:

( ) = complex reflection coefficient from the anadyaneasured
at each frequency,
Z, =75
Zin( )= Impedance of the cable resulting frofn)

7.4.2 Step 2: Calculate the average impedangg,eZof the cable over the
frequency range using:

Zin (W)
N

anble :‘
where:
N — Number of data points( )) measured

The cable impedance is the average of the measupstiance over a
frequency range, typically®Hz - 210 MHz. For more information, see
SCTE 66 2003 cable impedance test procedure.



7.4.3 Step 3: Calculate the structural reflection co@fit, srd ) using the
following equation:

Zin (M’) -Z

Zin (W) + Z

cable

I sre(W) =

cable

7.4.4  Step 4: Calculate the SRL (in dB) of the cablegsi

SRL= 20* log[7 ere(W)]



7.5 A sample display is shown in Figure 4. Notice ttheg trace may rise at higher
frequencies. This is often caused by connectiord trs make the transition from
the Network Analyzer to the cable. The best posstonnection is necessary for
good results. Connector compensation techniques beyused to reduce
connector effects. These require adjustment sinoldhe capacitance adjustment
in the variable bridge method. Time domain gatisgch as found on many
performance Vector Network Analyzers) can also neenconnector effects, but
care must be taken not to exceed the many constrainthe time domain
transforms; consult with manufacturers’ instruction

8.0 INSPECTION

Figure 4 shows the result of a measurement of SRIs measurement must be
repeated for each end of the cable. Record thermamivalue for SRL for the top
and bottom end of the cable.

9.0 REPORT

A typical report form might look like this:

TESTER DATE




CABLE SRL (TOP END)

CABLE SRL (BOTTOM END)

10.0 ERROR ANALYSIS

FREQUENCY

FREQUENCY

10.1 A major source of error in SRL measurement is tinectlvity of the test system
and the impedance mismatch of the test port adapioese two error terms
combine to give a total error in the return lossasugement. An example of
typical errors and their effect on the SRL measemns shown below:

Directivity Connector Return| SRL Level (dB) | Maximum Positive
(dB) Loss (dB) Error (dB)
Variable Bridge -45 -40 -20 1.1
-30 3.1
Fixed Bridge -45 -40 -20 1.1
-30 3.1

10.2 This error is calculated by converting the diretyivconnector reflection, and
SRL measurements to linear terms. These are amdedher, and the sum is
converted back to dB to get the resulting worsegaaximum value:

Error =20*log(r gz, + D +C) - SRL

where:
D — 1O(Directivity/20)
C — 1O(Connector Return Loss/20)
SRL/20
SRL  ~ 10( )

The difference between this maximum value and tleasured SRL level is the
maximum positive error. These are only exampleuesy consult with the
equipment manufacturer to determine the actuat ealnes.

10.3 For short lengths of cable, an additional term nhestadded to the above error
equation. The value of this term is the returrslosthe far end termination (in
dB) plus twice the loss of the cable at the fregyeof interest. This term is
treated in the same way as the directivity and eotor terms. This term is

typically negligible for whole cable reels.
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