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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 non-
member 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 internationally. 

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, and accepts 
full responsibility for any damage and/or claims arising from the adoption of such Standards. 

Attention is called to the possibility that implementation of this standard may require the use of 
subject matter covered by patent rights. By publication of this standard, no position is taken with 
respect to the existence or validity of any patent rights in connection therewith. SCTE shall not 
be responsible for identifying patents for which a license may be required or for conducting 
inquiries 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 essential 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.  
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1.0 PREFACE 

The measurement of RF reflection and transmission spans several generations of test 
equipment.  The fundamental components of these measurements are a sweep generator, 
a coaxial switcher, a directional coupler bridge, switchable attenuators, an RF amplifier, 
an RF detector and a scalable display.   

The fundamental transmission measurement process is to generate an RF signal that 
sweeps through a user defined frequency range.  This CW signal is routed through two 
paths by means of a coaxial spdt relay at each end of the two paths.  One path is a 
reference that conducts the generator output through a reference attenuator directly to the 
detector.  The other path travels through the device under test.  As the signal alternates 
rapidly between the two paths, a differential image of the frequency response of the two 
paths is displayed.  Measurements at each frequency are inferred by the difference 
between the two traces. 

The same technique is applied to reflection measurements by inserting a directional 
coupler bridge in place of the device under test.  The tap port of the bridge is connected to 
the device port to separate the incident from the reflected signals.  The quality of the 
return loss measurement depends upon the directivity of the bridge.   

This early method of measurement is scalar.  This means that only the magnitude of the 
signal power is recovered on the display.  Early network analyzers packaged these basic 
functions into one test instrument, and the use of internal microprocessors enabled a more 
accurate display of the difference between the reference and the device under test.  
Examples of early scalar network analyzers are Agilent 8711 and 8713.   

However, the phase of the test signal is also important.  The magnitude and phase define 
a complex data set at each test frequency that completely characterizes the behavior of a 
signal as it encounters an RF device.  This requires an advanced layer of signal 
processing.  A network analyzer capable of rendering the complex parameters of a 
waveform is called a vector network analyzer.  Most of the early scalar network analyzers 
are now obsolete but the vector analyzer market has continued to evolve.  These 
instruments have become widely accessible, and the complex output data is far more 
useful in applications from circuit and component design to manufacturing.   

Therefore, while a scalar measurement approach to measuring return loss and insertion 
loss or gain is sufficient, a vector network analyzer is recommended for this generalized 
test procedure primarily because the results are far more applicable and the error 
correction capabilities enable greater measurement precision.  
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2.0 SCOPE AND DEFINITIONS 

2.1 SCOPE  

The purpose of this test procedure is to determine the reflection at any port, or the 
transmission between any two ports of a properly terminated device, as measured 
across a frequency range of interest.  Depending on use of the data, return loss, 
insertion gain or loss, isolation, response variation or bandwidth can be derived.  
This specification is applicable to the testing of 75Ω devices.   

2.2 DEFINITIONS  

2.2.1 S-Parameters:  Scattering parameters are a convention used to characterize 
the way a device modifies signal flow.  S-parameters are always a ratio of 
two complex quantities.  S-parameter notation identifies these quantities 
using the numbering convention S(out in) where the first number refers to 
the device port the signal is emerging from and the second number is the 
device port where the signal is incident.  For example, the s-parameter S21 
identifies the measurement as the complex ratio of the signal emerging at 
device port 2 to the incident signal at device port 1. 

Figure 1 is a representation of the s-parameters of a two-port device.  In the 
illustration, “a” represents the signal entering the device and “b” represents 
the signal emerging. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 – S-parameter diagram for a 2-port device 
 

S-Parameter Definition Description Direction 
S11 b1/a1 a2=0 Input Reflection FWD 
S21 b2/a1 a2=0 Forward Transmission FWD 
S12 b1/a2 a1=0 Reverse Transmission REV 
S22 b2/a2 a1=0 Output Reflection REV 

Table 1 – S-parameter definitions and descriptions 
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