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1 Introduction

There is an ongoing research program at Defence Research and Development Canada (DRDC) Suffield
Research Centre (SRC) to explore electromagnetic (EM) scattering from linear conductors to better
understand the physical phenomena governing this effect. The purpose of this contract is to provide
technical expertise to supplement the efforts at DRDC by furthering the research on EM scattering through
experimental and theoretical means.

The need to detect linear conductors is pertinent to military and commercial interests. A number of
commercial applications would benefit from a reliable method to detect buried infrastructure such as
wires, pipes, rods and other infrastructure critical to the delivery of crucial services to consumers.
Detection of these conductors would help to significantly reduce the number of occurrences resulting in
interruptions to power, water and communications services that result from excavation operations. This
would directly result in time and money savings for businesses and consumers alike and help alleviate
associated safety and environmental concerns.

The work undertaken is an evaluation of the phase of antenna displacements for linear conductor
detection. This is done through experimental measurements of the phase delays introduced by antenna
displacements due to the antenna cable properties including length and flexure. Characterizing these
phase delays due to changes in these physical properties is key to understanding the effects on any
resulting signal received by the antenna. The output of the work is a calibrated cable set for use by DRDC
in future testing.

1.1 Scope

This report provides an overview of the work carried out to test and characterize a set of microwave cable
assemblies for varying lengths and bending radii. Relevant performance characteristics are extracted and
presented.

1.2 Definitions

Acronym Definition
CuT Cable Under Test
IL Insertion Loss
VNA Vector Network Analyzer
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2 Test Plan

The proposed experiment consists of characterizing a set of microwave cable assemblies with varying
lengths for a number of bending radii. A vector network analyzer (VNA) will be used to measure cable
performance over a range of frequencies. Measurements will be performed as each cable is wound into
coils with diameters of 20, 25, and 30 cm. Full Two-Port S-parameters will be recorded and insertion loss,
phase, and delay extracted from the results. As a VNA measures only magnitude and phase values at
discrete frequency points, the delay must be estimated from:

1 doy (1)

74(f) = _ﬁﬁ

where:
74 = group delay of cable
f = measurement frequency
@ = insertion phase in radians

A set of cables suitable for operating frequencies up to 18 GHz have been acquired for testing purposes.
Cable lengths range from one to five metres with additional details found in the below Table 1

Table 1. Test Cables.

Part No. Ser. No. Connectors Length (m) Velocity Factor Approx. Delay (ns)
SF104/11N/11IN/1M 324533 N(M)toN (M) | 1 77 4.33
SF104/11N/21IN/1M 324501 N(M)toN(F) |1 77 4.33
SF104/11N/11N/3M 324502 N(M)toN (M) | 3 77 12.99
SF104/11N/21N/3M 324492 N(M)toN(F) |3 77 12.99
SF104/11N/11IN/5M 324507 N(M)toN (M) | 5 77 21.64
SF104/11N/11IN/10M | 324494 N (M)toN (M) | 10 77 43.29
SF104/11N/11IN/20M | 324497 N (M)to N (M) | 20 77 86.58

2.1 Required Equipment

The equipment required for the proposed test is listed below in Table 2. The ZNB20 VNA and its cables
are calibrated using its automatic calibration unit. As the VNA cables are configured with female SMA
connectors, female SMA to female N type connectors are required to interface VNA cables to the Cables
Under Test.

As both the VNA cables and ZV-Z53 calibration unit are equipped with SMA connectors, the calibration
can only be performed to the end of VNA cables. Thus, the effects of the NF-SF50+ adapters are
unaccounted for in the calibration and their characteristics are included in the measurement results. As
detailed S-parameters for the adapters were unavailable from the manufacturer, it was not possible to
remove their characteristics. However, insertion loss data was available and duplicated in Figure 1. The
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low loss suggests their inclusion should not impact results significantly. Additionally, their short length
was considered to be negligible relative to the cable length when extracting cable phase and delay.

Table 2. Required Laboratory Equipment.

Description Manufacturer Model Number
ZNB Vector Network Analyzer, 4 Port, 20 GHz Rohde & Schwarz ZNB20
Automatic Calibration Unit, 300 kHz — 24 GHz Rohde & Schwarz ZV -1753

SMA Female to N Type Female Adapter Mini-Circuits NF-SF50+
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Figure 1. NF-SF50+ Adapter Insertion Loss (Mini-Circuits 2014).

2.2 Example Measurement

Frequency (MHz)

As an initial example, a five metre cable (P/N SF104/11N/11N/5M) was characterized while coiled in a 20
cm diameter. The VNA was configured to sweep from 400 kHz to 20 GHz in 10 MHz steps. The full 2 port
S-parameter matrix was recorded and insertion loss and phase extracted and plotted in Figure 2.
Additionally the delay was calculated using Equation (1) and plotted in Figure 3. It may be noted that the
calculated delay of 21.7 ns is very close to its expected value of 21.6 ns determined from its length and

specified velocity factor.
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loss, phase, and delay are included in the following section. For all cables negligible differences were
observed in insertion loss, phase, and delay as each cable diameter was varied. Figure 4 through Figure

The experiment was carried out for each of the cables listed in Table 1. The resulting plots of insertion
17 depict the results of testing.

3 Experimental Results
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4 Conclusions and Recommendations

A series of RF cables were characterized using a VNA. Different lengths and bending radii were used,
according to the test plan in Section 2. The recorded measurements are presented in Section 3. Across all
cable lengths, the bending radii was observed to have a minimal impact on the record insertion loss and
calculated group delay. The work serves as a verification of the manufacturer specifications
(Huber+Suhner 2014).
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