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NOTICE

The Society of Cable Telecommunications Engineers (SCTE) Standards are intended to serve the
public interest by providing specifications, test methods and procedures that promote uniformity of
product, interchangeability and ultimately the long term reliability of broadband communications
facilities. These documents shall not in any way preclude any member or nonmember of SCTE
from manufacturing or selling products not conforming to such documents, nor shall the existence
of such standards preclude their voluntary use by those other than SCTE members, whether used
domestically or internationaly.

SCTE assumes no obligations or liability whatsoever to any party who may adopt the Standards.
Such adopting party assumes all risks associated with adoption of these Standards or
Recommended Practices, and accepts full responsibility for any damage and/or clams arising
from the adoption of such Standards or Recommended Practices.

Attention is called to the possibility that implementation of this standard may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to
the existence or vaidity of any patent rights in connection therewith. SCTE shall not be

responsible for identifying patents for which alicense may be required or for conducting inquires
into the legal validity or scope of those patents that are brought to its attention.

Patent holders who believe that they hold patents which are essentia to the implementation of this
standard have been requested to provide information about those patents and any related licensing
terms and conditions. Any such declarations made before or after publication of this document are
available on the SCTE web site at http://www.scte.org.

All Rights Reserved

© Society of Cable Telecommunications Engineers, Inc.
140 Philips Road

Exton, PA 19341
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SCOPE AND DEFINITIONS

DEFINITIONS:

Return Loss— The ratio of incident signal to reflected signal , expressed in dB.

Bridge — A device for separating the incident and reflected signals in areturn loss
measurement.

Network Analyzer — Aninstrument for measuring the swept frequency response of
acable.

SCOPE

1.1

1.2

1.3.

The purpose of this procedure is to provide instructions to measure cable
impedance. Two test methods are presented. The accuracy, ease of use, and
required test equipment differs for each test method. The two methods as follows:

Variable Bridge method: The return loss of a cable is measured, while varying the
impedance of areflection bridge. The value of impedance, which givesthe
minimum reflection, is the average cable impedance. This method requires smple,
magnitude only (scalar) measurements. It is subject to errors from the cable
connection and operator skill.

Fixed Bridge method: The cable impedance as a function of frequency is calculated
from avector (magnitude and phase) return loss. The average of thisimpedance
across the desired frequency range is the cable impedance. This may be automated,
but requires a vector network analyzer, and may be subject to errors due to the
cable connection.

TEST SAMPLES

21

22

Cable impedance is typically tested on whole reels and the tests are performed
from each end of the cable. The cable to be tested must be terminated in a proper
load. A fixed 75 ohm termination is sufficient for normal cable lengths. The effect
of reflection from the end termination is reduced by twice the cable loss, such that
for long lengths of cable, the precision of the end termination is not significant. For
shorter lengths of cable, the end termination return loss plus twice the cable loss
must be included in error analysis.

The input cable connector must be a good match to cable impedance high quality, or
the measurement results will be affected. The cable must be prepared according to
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the connector manufacturer’ s instructions. Improper cable preparation can be major
source of error in impedance measurements.

EQUIPMENT - VARIABLE BRIDGE METHOD

31

3.2

3.3

34

35

3.6

3.7

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

“Two-resistor” power splitter, such as Agilent 11667A or equivalent.

Two (2) 50-75 ohm Minimum Loss Pads, such as Agilent 11852B or equivalent.

Variable impedance bridge, such as Wideband Engineering AS6UTD/S or
equivalent.

Calibration Kit, such as Agilent 85036B or equivalent.

Cable connectorsto test port (2 needed) for the size of cable under test. For
example, a Gilbert Model GTC-500-TX-N, or equivalent, for a 500 size cable.

Equipment set-up is shown in Figure 1.

Networ k
Analyzer
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N
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Figure 1: Equipment Set-Up for Variable |mpedance Bridge Test Method

MEASUREMENT METHODOLOGY —-VARIABLE BRIDGE

4.1

4.2

4.3

4.4

Set up the network analyzer as shown in Figure 1. Set the variable bridge
impedance to 75 ohms and the capacitance to 0.0 pF.

Set up the network analyzer (NA) for areflection measurement as per the
manufacturer’ sinstructions. Set the start frequency at 5 MHz; set the stop frequency
at 1000 MHz.

Perform a calibration (error correction) following the manufacturer’ s instructions.
For a scalar network analyzer, thisis an open response normalization. For avector
network analyzer thisis a1-port open/short/load calibration.

Connect the cable to be tested to the variable impedance bridge. Vary the
impedance until the low frequency part of the trace is lowest (best return |0ss).
Adjust the capacitance knob to “lay down” the high frequency part of the trace.
This adjustment compensates for mismatch in the cable’ s input connector. Continue
adjusting the impedance (Z) and capacitance (C) knobs until the trace is aslow and
flat as possible. A typical trace is shown following; notice that the low end
frequency response is adjusted to be as low as possible with the “Z” knab, then the
trace is flattened with the “C” knob. Do not artificially raise the low end to
improve reflection response in the mid- or high-end range. Figure 2 shows a
typical display after proper adjustment of the impedance and capacitance knobs.

Measurements using the variable bridge method are more susceptible to errors
which must be considered in measurement error analysis.



IPSTP 006 Rev 1
January 31, 2002

CH1 $11 ing MAG 10 dBf REF 20 dB 1_:-16.681 dB
" 1]

Cor

5.0

"CABLE Z (VARIABLE BRIDGE) = 75.8] 557.225 000 MHz

Ill.hill

\
.|i |‘.h|| Hl'll

START 5.000 000 MHz STOP 1 000.000 000 MHz

Figure2: Typical return lossdisplay after proper adjustment of Z and C knaobs.
INSPECTION

After the lowest, flattest trace has been obtained, read the value of impedance from the
impedance (Z) knob. Also record the value of the capacitance compensation, as this
indicates the quality of the input connector.
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REPORT

TESTER DATE

MANUFACTURER

CABLE TYPE/SIZE

LENGTH (FEET)

CABLE IMPEDANCE

CAPACITANCE READING

EQUIPMENT - FIXED BRIDGE METHOD

7.1  Network Anayzer with Impedance Measuring Capability, such as Agilent 8753,
including fixed impedance (75 ohm) test bridge or equivalent.

7.2  Cdibration Kit, such as Agilent 85036B or equivalent.

7.3 Computer or built in analyzer functions to process fixed impedance data.

7.4  Termination (75 ohm load) for far end cable termination (the load in the calibration
kit may be used).

7.5  Test port to cable adapter (2 needed) for the size of cable under test. For example,
aGilbert Model GTC-625-TX-N, or equivalent, for a 625 size cable.

7.6  Equipment set-up is shown in Figure 3.
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@
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Figure 3: Test Set-Up for Fixed Bridge Measurement
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MEASUREMENT METHODOLOGY - FIXED BRIDGE METHOD

8.1  Setuptheandyzer by setting the start frequency to 5 MHz. Set the stop frequency
such that the input connector does not overwhelm the measurement. At high
frequencies, the return loss of the input connector can swamp cable response. So a
recommended stop frequency of 210 MHz. isto be used unless a higher frequency
isrequired by specific customer applications. At higher test frequencies, connector
compensation techniques may be required. Consult specific manufacturer’s
instructions for more details on connector compensation.

8.2 Perform acalibration (error correction) following the manufacturer’ sinstructions.
For avector network analyzer, thisis a 1-port open/short/load calibration.

8.3  Connect the cable under test to the network analyzer test port. Terminate the far
end of the cable in 75 ohm matched termination. Measure the return loss over the

frequency span.

8.4  Using acomputer or built in analyzer function, calculate the average impedance
over the frequency range. Thisisdone by calculating the sum of the real parts
divided by the number of points, and the sum of the imaginary parts divided by the
number of points, then taking the magnitude of the resulting average impedance.
Ideally, the imaginary part should be zero; if the imaginary part is not near zero, it
indicates that the input connector may be affecting the resuilt.

INSPECTION

Figure 4 shows the result of a measurement of real part of impedance vs. frequency. The
marker function calculates the average value of impedance between the two markers
shown. The upper plot shows the impedance value for this trace calculated over the 5-210
MHz. span, as recommended in this test procedure. Note that this correlates very well
with the cable impedance measured with the variable bridge in Section 4. The lower plot
shows the impedance value for the same trace calculated over the 5-1000 MHz. span; note
that the impedance vs. frequency starts to vary at high frequency. Inspection of the
imaginary part of the impedance reveals that it becomes large at these points, indicating
errors due to connector response.

Record the value of the average impedance, as well as the stop frequency for the average
calculation, if other than 210 MHz.
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Figure4: Cable I mpedance (Fixed Bridge Method)
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100 REPORT

A typica report form might look like this:

TESTER DATE

MANUFACTURER

CABLE TYPE/SIZE

LENGTH (FEET)

CABLE IMPEDANCE

STOP FREQUENCY FOR AVERAGING

11.0 ERRORANALYSIS

11.1 Themajor source of error in this measurement is the directivity of the test system
and the impedance mismatch of the test port adapter. These two error terms
combine to give atota error in the return loss measurement. An example of typica
errors and their effect on the impedance measurement is shown below:

Total Error
Directivity | Directivity | Connector | Connector Error Effect
(Dir + Conn) onZ
(dB) (linear) (dB) (linear)
Variable -45 0.0056 -52 0.0025 0.0085 1.2 ohms
Bridge
Fixed -49 0.0035 -52 0.0025 0.0060 0.9 ohms
Bridge

11.2. First convert each return loss term (in dB) to linear terms and sum up the reflection
error.

10
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Reflection error:

P. =10 (Directivity/20) +10 (Connector Return Loss/20)
er —

Finally, calculate the error in impedance caused by the return loss error.

Impedance error:
Zer =75. ﬂ_ 75
1- Pe

On short lengths of cable, the far end termination effect must be added to the
reflection error. It istreated in the same way as the near end connector return |oss,
but the value of return loss may be reduced by twice the loss of the cable, before
converting it to linear terms.

These are only example values. Consult with the equipment manufacturer to
determine the actual error values, which may be much better over the 5-210 MHz.
range for this procedure.
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