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ABSTRACT

The reflection coefficient of an antenna impacts the
power transmitted by the antenna. Accurate
characterization of this parameter is important in a
communication or radar system. This paper discusses an
implementation whereby a reflectometer is located near
the antenna under test in an antenna range albeit far from
the receiver. By placing the reflectometer near the
antenna, the measurement uncertainty intrinsic to long
cable runs can be minimized.

1.0 Introduction

An important antenna measurement is the reflection
coefficient or VSWR of an antenna under test (AUT).
Many antenna measurement systems do include reflection
coefficient measurements. However, in some instances
the AUT is located far from the reflectometer since the
antenna typically is mounted high above the floor during
a measurement. By adding a small reflectometer
consisting of a switch, mixer, a pair of directional
couplers, measurements may be performed that provide
the information necessary to calculate the reflection
coefficient of the AUT. Most importantly, since the
reflectometer can be remotely mounted near the input
antenna port, the measurement uncertainty intrinsic to
long cable runs can be minimized.

To determine the reflection coefficient of the antenna, the
reflectometer is used to measure the reflectivity from
known standards and the AUT. A set of error terms is
computed for each frequency considered using the known
standards. Those error terms are then employed to obtain
calibrated results for the reflection coefficient (or VSWR)
of the AUT. This calibration removes the systematic
errors from the measurement.

In this paper, the system design and implementation is
reviewed.
2.0 Hardware

A reflectometer may be formed by two cascaded
directional couplers whose coupled arms travel in
opposite directions[1]. The way in which the two arms

are compared has varied through the years depending on
available technology. Our implementation in Figure 1
uses a switch and down-converting mixer to compare
incident and reflected signals in the frequency range 2 -
18 GHz. Since down-conversion is achieved locally
within the reflectometer box, the position of the
reflectometer can be remote from the receiver and
synthesizer.
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Figure 1. Setup for stepped-frequency measurement
of complex reflection coefficient.

A measurement entails a sequence of events. The
receiver issues a TTL trigger pulse causing the
synthesizer to proceed to a frequency. Upon arrival, the
synthesizer issues a Lock Detect, causing the receiver to
sample the incident and reflected signals. Then the
receiver issues another trigger to the synthesizer causing
movement to the next frequency. In this way a range of
frequencies are stepped.

A cable between the Test Port and AUT introduces a
fundamental measurement uncertainty since its loss adds
thermal noise to the system[2]. The thermal noise cannot
be eliminated, but can be minimized. In addition,
inevitable cable flexure will distort cable characteristics
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and cause the error-correction coefficients, determined at
one cable flexure, to become invalid at another.
Improving the cable performance is an expensive
alternative. It is perhaps better to consider whether the
cable is needed at all. Remote placement of the
reflectometer allows one to minimize this cable length
along with the associated uncertainty.

To mount on the test positioner without being obtrusive,
overall reflectometer dimensions are 10 x 8 x 2.5 inches.
The physical configuration is shown in Figure 2.
Connectors are type N, and switch control is through a
circular "MS" connector.
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Figure 2. Physical configuration of Reflectometer

3.0 Calibration

Ideally, the reflectometer measurement system provides
an exact measurement of the complex reflection
coefficient. In reality, the system is not perfect, i.e., the
coupler does not have infinite directivity, the port match
is not perfect, etc. However, the calibration of the
reflectometer provides a method to reduce systematic
measurement errors up to the measurement port. Random
errors, like connector repeatability, add to the uncertainty
of the measurement. Once calibrated, the corrected
reflection coefficient is more accurate.

The signal flow diagram of the system is shown in Figure
3.
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Figure 3 Signal flow graph of the reflectometer

Representing the systematic errors of the reflectometer,
the terms ej;, eppey; and ey are a directivity error, a
transmission error, and an effective source error [3]. The
measured reflection I'y, of the antenna under test seen
with all the system errors is related to the actual reflection
coefficient I's by the expression:

T'n=bl/lbs=ge; + (612921) / (1 - ezer) (1)

By rearranging this equation, one may relate I'y; to ', by
three terms ty, t, and t;. This new equation is sometimes
referred to as the bilinear form;

M=t +TaAb + TaAl'nts 2
where the bilinear terms are defined as
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By connecting three calibration loads as I" , equations
(2) & (3) are used in a system of three equations in three
unknowns to determine t;, t, and t;. Then, through a
rearrangement of (3), ey, €162 and e, are found. This
calculation is done at each frequency step. Finally,
equation (1) is rearranged to correct an antenna
reflectivity measurement.

Ca=(Tim-€11) / (€12€21+€25( m-€11)) 4)

Theoretically, any three independent known calibration
standards may be used. However, results that are more
accurate are achieved with standards that are widely
spaced on the Smith Chart. The calibration standards
utilized in this implementation are a Short, Open, and
Matched Load. This type of calibration kit is readily
available from a variety of vendors.

4.0 User Interface

The wuser must initially enter several -calibration

coefficients provided with the standards to perform this
calibration(Figure 4).

B retiectivity Calibration Standard Definitions
Open Circuit Shon Circuit
Oftsat Oftzat
T
* Length (m) (0015 + Lungth (m) 001
Tima (ps) | Time (ps)
0 [4345 “10% Farads Lo [p “10% Henries / Hz
(=BT *10# Farads / Hz L: o *10# Henries f Hz
(=T “10°3% Farads / Hz? L2 (o “10°% Henries / Hz
1 [1zar *1045 Frrnds { Hi? L% o “10-42 Henries { Hz 7
Cancel Fuetresh Data from File | Save and Exit |

Figure 4 Calibration standards parameter entry



Finally one graphic interface collects the memory
locations of the various necessary data, spawns a routine
to perform the error correction, and stores the result in a
file as well as display it on the screen (Figure 5).
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Figure 5 Graphic interface of error-correction routine

5. Conclusion

The preceding discussion showed that the complex
reflection coefficient may be observed remote from the
associated receiver.  Network calibration is used to
reduce the measurement ambiguity.

By remoting the reflectometer, expensive cable runs are
avoided, along with the measurement uncertainty they

introduce.
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