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Abstract

In this thesis, a low cost planar near-field/far-field (NF/FF) antenna measurement
system is designed, built and validated in Center for Cold Ocean Research Engineering

(C-CORE), ial University of The design of the system is

presented in detail, a faster technique is used to speed the determination of the far-field
radiation pattern. The basic theory of near-field antenna measurements is reviewed. A
software package has been designed which has a user friendly interface. Details of the

NF/FF transformation using fourier transform are presented. Far-field radiation patterns

from field have been with the far-field patterns
measured directly inside C-CORE’s RF anechoic chamber, and reasonably accurate
results are observed for a number of antennas. Based on the cost of the system (52,000),

the reasonably accurate results are quite This NF/FF system is

an addition to the ial University it facility.
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Chapter 1

Introduction

1.1 Statement of the problem

The measurement of an antenna far-field radiation pattern is an important topic in the

and of istil antennas. Technit used for the

measurement of antenna far-field radiation patterns can be classified into two general
categories: direct and indirect [1].

The distribution of the radiated electromagnetic field from an antenna changes
gradually with distance from the antenna. Distances from the antenna lie in basically two
main regions: near-field and far-field regions.

The antenna’s direct far-field radiation pattern i are

in the far-field region [2]. Such techniques are becoming less capable of determining the

performance of advanced antennas. This is due to a variety of problems, including

weather effects, multipath and antenna gravitati istorti and security [2]. When
antennas are very large or when the final stages of assembly occur at the installation site,
the direct measurement of accurate far-field radiation patterns is extremely difficult and

usually erroneous.



Indirect techniques, referred to as near-field techniques, are developed on the fact that
the quality of a far-field or compact range can be determined by the near-field region

measurements, and then these can be by
to the equi far-field Near-field testing offers ail of
the of indoor ions (i.e., all ther, source, compact) plus information

on the details of the aperture illumination that otherwise can only be inferred indirectly.
Further, because the antenna under test does not need to be moved, large and fragile

structures can be tested without adding stresses and associated deflections [3].

Use of field antenna to ine far-field radiation patterns has
become widely used in antenna testing since they allow for accurate measurements of
antenna patterns in a very cost-effective and efficient manner, as well as a controlled

Although a ial near-field/far-field measurement system has been

developed, it is very expensive. The basic theme of this thesis is that a low cost near-
field/far-field measurement system is designed, built, and validated in C-CORE.

Uni of All relevant software programs are developed for

near-field/far-field transformations in a user friendly way.

1.2 Research Background

For more than 20 years, near-field/far-field measurement techniques have been
formulated and applied to the measurement of antenna radiation and target scattering [4].

The theory, computer programs and i have been

developed for the determination of complex radiation and scattering from measurements

taken on planar, cylindrical, and spherical scanning surfaces in the near-field.



By definition, near-field measurements are done by sampling the field close to the
antenna on discrete locations on a known appropriate imaging surface. From the
measured phase and amplitude data in the near-field at the location, the far-field pattern
can be computed in much the same fashion that theoretical patterns are computed from
theoretical field distributions for aperture antennas. The transformation used in the
computation depends on the shape of the imaging surface over which the measurements
are taken with the scanning probe [3].

This imaging surface where scanning takes place can be either planar, cylindrical, or
spherical. The basics of the processes are similar in the three methods. Planar scanning is
more frequently used in near-field measurements than cylindrical and spherical scanning
because most directive antennas have, on or near the antenna, an “aperture distribution”

or "aperture illumination” of finite extent slightly larger than the projected area of the

antenna [3].
Basic field i ine the eq far-field antenna performance
through two basic steps:

(1) Measure the phase front of the antenna under test (AUT) using a microwave
interferometer probe positioned by a robot.

(2) Sort the phase front into the actual directions of energy propagation using
Fourier transform (FT) techniques. The result is an angular spectrum (antenna
pattern). The angular spectrum in the near-field is the same as the angular
spectrum in the far-field because electromagnetic energy in free-space travels

in a straight line [3].

1.3 Scope of the work



In order to develop a near-field to far-field antenna measurement system, the following
has been done:
(1) Build a near-field measurement system, which includes hardware and software
parts. a) A planar scanner; b) A vector network analyzer: ¢c) A PC

and relevant software p for ication and

(2) Perform field antenna using the field antenna
measurement system.

(3) Apply near-field to far-field antenna measurement transformation to get the
far-field antenna radiation pattern.

(4) Validate the system by comparing the results with far-field radiation patterns
which are directly measured inside C-CORE's anechoic chamber for a number
of prototype antenna models.

(5) Study is performed to compare the size of scanning grid on accuracy of
results.

(6) Linear scanning is presented.

(7) The system software is developed as a user friendly code for further use by
technical personnel.

1.4 Organization of the thesis

This thesis is organized as follows: Chapter 2 briefly reviews the techniques of near-

field/far-field antenna where various i are p Chapter 3
describes the development of the planar near-field antenna measurement system. Chapter
4 describes the algorithm of near-field/far-field antenna measurement transformation. In

chapter 5, results are and with direct far-field antenna




as well as i between linear and planar scanning techniques. A
study of the scanning is also Chapter 6 the thesis with a
summary of results and suggestions for further research.




Chapter 2

Literature Review

2.1 Definition of near-field and far-field

The distribution of radiated ic field i with an antenna changes
gradually with distance from the antenna. Three regions, as a function of distance from
the antenna, are of interest; reactive near-field, radiating near-field and far-field. The
transitions between these regions are quite gradual and the boundaries are not distinct.

There are many different iti for field and far-field limitati [2:3.5,6-

11]. The definitions used in this thesis are given in Figure 2.1 and Table 2.1, where the
following descriptions are used:
1. The region nearest to the antenna is the evanescent or reactive near-field region.

The of the ic energy decays very rapidly with

distance. The evanescent region includes both ing (reactive) and p
energy, and extends from any conductive surface for a distance of one sixth of the
wavelength.

2. The second region is the radiating near-field or Fresnel region. It extends to

2D, where A is the wavelength and D is the largest dimension of the antenna. The



average energy densities remain relatively constant at different distances from the antenna
although there are localized energy fluctuations. In this thesis the near-field
measurements are done for the radiating near-field region of the AUT.

3. The region farthest from the antenna is the far-field or Fraunhofer region. The
relative angular distribution does not vary with distance in the far-field region. The power
radiated from an antenna in the far-field region decays according to the inverse square

law as a function of distance. The far-field region extends from 2D%A to infinity.

REACTIVE  /
NEAR-FIELD </
REGION

RADIATING
~, NEAR-FIELD
e REGION

RADIATING s
FAR-FIELD Near
REGION =

Figure 2.1 Three regions of electromagnetic fields
produced by an antenna



Table 2.1 Definitions of Near- and Far-Field region (2, 8]

reactive near-field | radiating near-field | far-field
Near limit 0 A2r 2D°
Far limit M2m 2D/ -
Power decay R" 1 R”
E and H orthogonal | no yes yes
Z no yes yes

In this table, Z, is the characteristic impedance of free space, and
z,=3171Q

2.2 Near-field measurement concepts

There are two general categories of measurement of antenna far-field pattern
techniques: direct or indirect. In the direct techniques, the far-field is the measured
quantity; whereas in the indirect techniques, referred to as the near-field techniques, the

far-field is only a which is from fields in the
vicinity of the antenna [1].

The antenna radiates into free space as a linear system with the single-frequency time
dependence of exp(-iwz). The far-field region which extends to infinity, is that region of
space where the radial dependence of electric and magnetic fields varies approximately as
exp(ikr)/r [5]. The inner radius of the far-field can be estimated from the general free-

space integral for the vector potential and is usually set at 2D%/A for nonsuper-reactive



antennas. The free-space region from the surface of the antenna to the far-field is referred
to as the near-field region. It is divided into two subregions, the reactive and radiating

near-field. The reactive near-field region is commonly taken to extend about A/2x from

the surface of the antenna, although i with field indicates
that a distance of a wavelength () or so would form a more reasonable outer boundary to
the reactive near-field. Beyond a distance of about a wavelength from nonsuperreactive
antennas, the electric and magnetic fields tend to propagate predominantly in phase, but
of course, do not exhibit exp(ikr)/r dependence until the far-field is reached. This
propagating region between the reactive near-field and the far-field is called the radiating

near-field.

Evanescent energy is coupled to the field probe capacitively or i i but
not by free-space propagation. Because of this, the E and H fields are not orthogonal or
related by the impedance of free space (377Q) [2]. The evanescent energy decays very
rapidly with distance because the energy is ing but

ap: or i i coupled. The energy normally has completely
decayed at a distance of several wavelengths from a conducting surface. Near-field
measurements are generally made outside of the evanescent region. Otherwise, higher
sampling densities and separate E and H field measurements are required.

Near-field measurements are usually made in one of three coordinate systems: planar,
spherical, cylindrical according to different scanning systems. The antenna far-field
radiation pattern measurement techniques are outlined in Figure 2.2. Assuming the test
antenna to be transmitting, the near-field can be broken down roughly into a reactive
region within A/2r of the surface, and the radiating region outside of this, evenwally
merging into a far-field region. Within the reactive region the electric and magnetic fields

are not in phase and do not represent signals that will appear in the real space portion of



the antenna pattern. A probe antenna is placed in the radiative near-field region and the
amplitude and phase of the received signal recorded. Probe antennas are small enough to
pick up energy over wide angles while causing minimal disturbance to the field being
measured. The probe is moved over the planar, cylindrical, or spherical surface in steps of
less than half a wavelength, and the data is stored. Each data point is the combined signal
from a region of the antenna determined by the probe pattern. In this case, probe
correction has been developed. Using near-field/far-field transformation techniques, the

angular space of the far-field pattern is deduced from the data set E in the aperture space

Antenna
Measurements

at the probe scan plane [3].

Indirect

I
Indoor Near-field |
’r(Anechoic chamber) w ! Outdoor Techniques
T
L

L Planar | : Cylindrical I ’sm:mali
]

Figure 2.2 Antenna measurement configuration

The planar scan surface generally is preferred for high-gain spacecraft antennas, and
just needs simple probe correction and has better zero gravity simulation. The spherical

scan is used for low-gain antennas and antenna feed elements because the energy is

10



captured at large angles from the AUT boresight axis. Cylindrical surfaces are often used

with television broadcast antennas and certain spacecraft TT&C omni antennas [2].

2.3 Advantage of near-field measurement

When direct antenna measurement is performed outdoors, it may be affected by
weather conditions, multipath, etc.; when it is performed indoors, it needs to be measured
inside an expensive big size anechoic chamber. Because of this, near-field measurement
techniques are widely used today. Near-field techniques a) can give absolute

b) need not involve approximations (in

the i other than ion of the infinite set of exact solutions used

in expressing the field, and c) apply to nonlinear transmitting transducers and
nonreciprocal transducers (for example, arrays with ferrite phase shifters or isolators),
whether transmitting, receiving, or scattering [12].
Additionally, from the technical point of view, some of the advantages of near-field
measurement techniques over direct far-field pattern measurements include
(1) Near-field measurements are time and cost effective, and the accuracy of the

computed patterns is comparable to that for the far-field range.

(2) The near-field range provides a i and all-weath:
capability.

(3) For large antenna systems, far-field range size limitations, transportation and
mounting and the i for large-scale positi are
eliminated.



The main advantage of near-field over direct far-field pattern measurements is cost. It
is much cheaper to build a scanner than building an anechoic chamber on acquired land

for antenna measurements.

2.4 Near-field antenna measurement criteria

2.4.1 Grid spacing criteria

The objectives of these sections are to establish a sample spacing criterion for near-
field measurements made on a plane surface near the antenna under test (AUT), and to

develop a field data minimizati i for reducing the computational effort

required to calculate a given portion of the far-field radiation pattern [13, 14].

When the probe is operating on a polar-planar scanning plane, the probe increment
between rings is usually taken at approximately 0.5 wavelength [1]. It follows from the
two-dimensional Nyquist sampling theorem that, for the wavenumber limited spectrum,
the electric field can be reconstructed for all points on the plane z=0 from a knowledge of
its values at the rectangular lattice of points separated by the grid spacing of an upper
limit of A/2 [14].

2.4.2 Distance criteria



The required sample spacing depends on the distance from the antenna to the
measurement plane and on the extent to which evanescent waves could be neglected [14].
Also, the sampling criteria assumes that the separation distance between the probe and
test antennas is large enough to prevent significant coupling of their reactive fields [S].
Some researchers suggest that when the step-length is haif a wavelength, the plane should
be put in front of a source (AUT) of 10 wavelengths. Accordingly, the resulting fields are
quite independent of the sample spacing as long as they are half a wavelength or less. The
general practice in minimizing antenna coupling is to select the distance, between the
antenna and the grid plane, large enough so that the VSWR of the probe, when operating
as a transmitter, is insensitive to the presence of the antenna under test. Since probes with
medium gains, such as 8-15dB, have been the preferred choice, the distance of 6-12
wavelengths was selected in most studies. The popularly used medium-gain probes (about
8-20 dB gain) were believed to have the advantage of filtering out range clutter [13]. A
distance of 2-10 wavelengths is also suggested and used in near-field antenna
measurements [17]. In our system, the distance between AUT and the plane is about 1-10

wavelengths.

2.5 Algorithms used

In order to construct far-field radiation patterns of antennas from the electric near-field

measurements, uniform sampling i and a Jacobi-Bessel i have been
widely used in the past few years [15]. There are diverse methods for calculation of far-
field patterns depending on the ways in which data are acquired. They can be classified

as:



(1) the uniform sampling in a rectangular coordinate system;
(2) the uniform or pseudo-uniform sampling in a polar coordinate system;
(3) the iform sampling in a or polar i system.

A Jacobi-Bessel algorithm has been used to calculate the far-field patterns in all the
above classes of measurements [15]. Recently an FFT algorithm has been proposed
instead of the Jacobi-Bessel algorithm. Compared with the Jacobi-Bessel algorithm, the
FFT algorithm considerably reduces the time of calculation [1, 15].

In near-field measurement, the probe moves in two orthogonal linear directions. The

results are distril in a i system and the uniform sampling
technique and FFT algorithm can be applied.

Far-field patterns may be calculated by using the FFT, given a set of near-field data
which have values on a rectangular coordinate system. It can be shown by application of
the Lorentz reciprocal theorem that the output voltage of the near-field measurement
probe is proportional to the antenna electric and magnetic fields E, and H,. It can also be
shown that the relation between the motion of the probe in the measurement plane and the
antenna is a convolutional expression of the probe fields and the antenna fields E, and H,

[2]. For polar scanning, the four-point Lagrange i i i was first used in

order to use FFT to get far-field patterns [16].

2.6 Validation

Validating the accuracy of any antenna measurement facility is difficult as there exists
no standard antenna with an associated standard antenna pattern which can be measured
to verify performance and assess accuracy. The two tangential field components of a



planar, cylindrical, or spherical surface enclosing the AUT and separated from the

antenna by a distance of 2-10 are in i and phase at

preselected sampling points over a prescribed portion of the enclosing surface in near-
field measurement systems. The accuracy of a far-field pattern depends on the near-field

and the related error through a modal transform [17].

The field and i error through a modal
transform determines the accuracy of the far-field pattern. Thus, approximate correction
factors are needed in order to account for the finite size and near-field distance of the
measurement probe [5, 18]. The major components of a near-field measurement system
which affect measurement accuracy can include hardware and software parts; they are:

(1) finite scan area

(2) distance between the probe plane and the AUT

(3) receiver inearities in ing the field
(4) sometimes multiple reflection
(5) the chamber, the computer and associated software [5, 17].
(7) the near electric field pattern of the probe
(8) reflection from scanner support
The position drive system most commonly used is a dc variable-speed electric motor
coupled to the moving members by a chain or lead screw. Desirable characteristics of the
drive system are smooth operation and constant velocity with minimum vibration over a
wide velocity range [4].
It is recommended that the amplitude and phase indications of the receiver are
measured over a time interval of 8 h. The measurements begin after a 24-h warm-up of

both the receiver and the RF source. The amplitude and phase measurements are repeated



at +3°C and -3°C from the nominal temperature value [17]. In our system, the
measurements begin after about [-h warm-up.

Several criteria were i in the of the p to be used in

measuring the antenna far-field radiation pattern. These included repeatability of pattern
data, repeatability of system test power levels, accuracy of measurement, capability of
monitoring the signal levels continuously, and dynamic range to make gain measurements
between two antennas of significantly different gains [1].

Several aspects of the must be i Both receiver and

amplifier gain (which are independently adjustable) must remain constant during the test,
which may last as long as several days. In order to relate the reference levels of a
particular configuration to the antenna's radiated power, the receiver and computer
voltage levels are recorded while the probe is positioned at one spot on the near-field of
the antenna. This spot is generally chosen to be approximately the point of highest power,
and is referred to as the "hot spot”. In order to obtain the most dynamic range of the
receiver/computer, the probe is placed at this location and the receiver amplitude gain is

set below saturation, still in its linear region [1].

2.7 Planar scanning of near-field measurement

The of field antenna i can be divided into

four periods: the early experimental period with no probe correction (1950-1960), the
period of the first probe-corrected theories (1961-1975), the period in which the first
theories were put into practice (1965-1975), and the period of technology transfer (1975-
1984) in which 35 or more near-field scanners were built throughout the world [5, 19].



Modermn planar scanning i in near-field of antennas and scatters

are based on the plane-wave spectrum (PWS). Planar scanning is more frequently used in

field than cylindrical and spherical scanning because most directive
antennas have, on or near the antenna, an “aperture distribution” or “aperture
illumination™ of finite extent slightly larger than the projected area of the antenna [13].
Aperture antennas are most common at microwave frequencies, and they may take the
form of a waveguide or a2 hom whose aperture may be square, rectangular, circular,
elliptical, or any other configuration [20]. For high-gain antennas, the planar

is used most [

2.7.1 Near-field sampling

In the planar near-field measurement technique, data are acquired on a plane which is
finite in extent but which intercepts the major portion of the radiating field. These data
are then used to calculate the far-field quantities of the antenna under test. The calculation
of the various quantities depends on the manner in which the data are acquired. Two
different near-field sampling coordinate systems are used to complete the planar near-
field One is ina i system, and the other

one is in a polar coordinate system. Generally, three kinds of sampling in planar near-
field measurements are applied:

(1) the uniform sampling in a rectangular coordinate system;

(2) the uniform or pseudo-uniform sampling in a polar coordinate system;

(3) the iform sampling in a or polar i system.

Figure 2.3 shows uniform ingina or a polar i system.




rectangular polar
Figure 2.3 Uniform sampling

A i different i ions are used for different kinds of

sampling i systems. Considering the ing and
near-field uniform sampling in a rectangular coordinate system is preferred.
The first step in a near-field measurement is to sample the fields at the near-field s

plane. The antenna near-field problem in is i suitable

for the FFT technique because their near-field and PWS are both of finite extent; that is,
they are "almost space-limited” and "almost band-limited”, respectively. As a result,
sampling and filtering techniques dealing with general band- and space-limited signals
have been found overly restrictive for the antenna problem [13].

2.7.2 Rectangular-planar near-field measurement

In the planar field i the data isition scheme required

the probe to move in two linear directions in i systems.

This provides data which are in a rectangular coordinate system and thus the application

of Fourier transform methods, by using the fast Fourier transform (FFT), becomes the



obvious data i i [16]. Near-field data are acquired on a plane which is
finite in extent but which intercepts the major portion of the radiation field. The far-field
pattern is calculated from the measured near-field. When it is assumed that muitiple
interactions between the probe and the test antenna are negligible, probe-corrected planar

near-field formulas can be used [18].

2.8 Limitations

1. Planar, cylindrical, and spherical near-field scanning can be formulated to include all
the multiple interactions between the probe and test antenna [5].

2. Another limitation (besides the neglect of multiple reflections) within the basic theory
of planar near-field scanning limits the application of planar scanning to directive
antennas [5].

3. Because of the size of the near-field measurement scanner, the far-field antenna
radiation pattern we get from near-field measurement cannot be 0~360° or -180°~180° as
the horizontal radiation pattern we measured by direct antenna measurement inside the
anechoic chamber.



Chapter 3
Planar Near-Field Antenna Measurement

System

3.1 Introduction of the system

A typical field system can be iently i in terms of three
subsystems: (1) computer (2) RF source and receiver (3) mechanical scanner and probe
positioner. A great deal of variety is possible for each of these subsystems [20].

The ped planar field system which is built in C-CORE, Memorial

University of Newfoundland, is mainly made of a Personal Computer (PC) 286, a 1.5m x |.5m
planar scanner, and a Wiltron model 360 Vector Network analyzer (VNA). The PC and the VNA
already belong to C-CORE's RF anechoic chamber measurement system. The cost of the newly
planar scanner including relevant control part is less than $2000. The system structure is

presented in Figure 3.1:
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Figure 3.1 Near-field antenna measurement system

The probe on the planar scanner is driven by the dual motor controller, and moves in horizontal
and vertical directions. At certain positions, the probe will measure the magnitude and phase of
the near electric field radiated by the AUT which is kept at a certain distance from the scanning
plane, and shows on the VNA. After several measurements, the VNA will pass these data
magnitude and phase to PC storage for further processing..

3.2 Management component--PC

Because of the large amounts of data involved, computer control of the measurement system is

essential. The PC in the near-field antenna measurement system performs the management duty,



controls the motion of the probe, collection of the data from VNA, and also the management of
the communication between VNA and PC. The management package is written in Quickbasic
bly The is

in real time as shown in Figure

32.

Apply transformation to
get antenna far-field
radiation pattern from
near-field data

\

Control the
Control dual motor communication between
controller VNA and motor

L=

motort motor2
| (horizontal motion) (vertical motion)

Figure 3.2 PC management flowchart

3.3 Measuring equipment -- Vector Network Analyzer

A two-port Wiltron model 360 VNA, already part of C-CORE's RF anechoic chamber
measurement system, is used in the near-field antenna measurement system to measure the
radiation pattern of AUT. It is made of a front panel, a screen, a generator, and a source, has a
frequency range of 40MHz - 40GHz, and frequency resolution of /00KHz.



Before starting a measurement, the VNA calibration needs to be done. For near-field antenna
measurement, full-term calibration is preferred, which includes reflection and frequency response
calibration.

‘When the calibration is performed on the front panel of the VNA, the measurement option
menus are listed in Appendix I [21]; when the calibration is performed by the PC through GPIB,
the commands are listed in Appendix II [22].

The communication between the PC and VNA is detailed in Figure 3.3.

= s

Teanster
Control VNA measuramant sat the VNA into
e operation from VNA screen ocal control
toPC

Figure 3.3 Communication between PC and Analyzer

3.4 Rectangular Planar Scanner

3.4.1 System structure

The mechanical scanner (or probe positioner) consists of the supports, guides, and drive motors
to move the measuring probe from a given x-y coordinate in a plane to certain point until a



reading is taken. The span of the scanning plane can reach 1.5 meters in both the vertical and
horizontal directions which can follow in a specific pattern as shown in Figure 3.4 [23].

* Prove
+ motion

?
Step-iengin

Near-figld measurement Probe motion

Figure 3.4 Near-field scanner

The mechanical structure of the scanner consists of a horizontal and a vertical axis each with
its own drive mechanism such that either axis can be driven independent of the other. The
advantage of the structure is shown in the following table 3.1 [23]:

Table 3.1 Scanner structure factors

Size Carriage | Drive screw Step

1.5Smx1.5m | 5pounds | 1/4"x20 threads/inch | 200 step/sec.

The electrical design consists of an electronic interface with a PC. A computer driven pair of
stepper motors position the test probe at predetermined points in a grid of maximum planar size
of 1.5m x 1.5m. This design enables the planar scanner to be set up inside C-CORE’s anechoic
chamber which is 4m x 2.5m x 2.5m. Control from the computer is capable of stopping the probe
at determined intervals and allows time for a measurement to be taken from the VNA.
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According to the design, as the motors are incremented, the number of steps moved are used to

calculate a vertical or horizontal linear displacement.

Displacement(meters)=number of steps X 7.5 degrees/ 20turns/inchx 0.0254

Using this equation, one can calculate relative motor running turns to determine the probe

position.

3.4.2 A-BUS Adapter and ST-143 dual step motor controller

An AR-133 card, A-BUS adapter which can be used for the IBM PC/XT/AT and all
compatibles, is connected with the step motor controller. A-BUS adapter which can be inserted
into the PC, converts the signals available on the PC to the universal A-BUS standard. This

insures that any current or future A-BUS card will work with the system. It has four essential

design goals: (1) Reliability: quality ised design; (2) Low cost: savings
are achieved by clear design and efficient bus (3) Simplicity and ility; (4)
Universality.

The complete A-BUS system that we used consists of a driver circuit, AR-133, which is an A-
BUS Adapter and located on the 16-bit bus internal to the computer. The schematic of AR-133,
the A-BUS adapter, is shown in Figure 3.5.
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Figure 3.5 The schematic of AR-133
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The external board, ST-143, is the amplifying circuit for the intenal board. ST-143 is powered
by a 700ma 9-volt adapter. The internal board accepts signals from the computer and processes a
sequence of pulses which are required to drive the stepper motors. These signals are then sent to
the external board where they are amplified and sent to the stepper motors. The schematic of ST-
143 dual motor controller is shown in Figure 3.6.



Motor 1

Figure 3.6 Schematic of dual motor controller

3.5 System Communication

In order to record the near-field antenna measurement data picked up by the probe,
communication is built between the dual stepper motor controller, the PC, and the VNA.
Different communication components are used for different proposes. The basic system

communication structure is shown in Figure 3.7.
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Figure 3.7 Basic communication in system

Running the control program, the probe will be driven by the dual stepper motor controller and
move along vertical or horizontal direction. After the probe reaches the predetermined position, a
trigger signal is given to the VNA by ST-143, the magnitude and phase on the position are
recorded. After recording one line, the motor will drive the probe vertical support on the other
direction at one step-length, also the VNA will pass the data, which includes amplitude and
phase, to the PC. The PC will store the data along one line into a file with a name supplied by the
user. This process will be repeated until one square planar sampling is finished. Several data files
will be obtained after the near-field measurements are finished.

3.5.1 Communication between PC and VNA--GPIB

The communication between the PC and the VNA is through General Purpose Interface Bus
(GPIB), an IEEE-488 interface, whose high data transfer rate is up to 1 megabyte/sec. The work



is done by a program written in Quickbasic embedded Assembly. The high data transfer rate
satisfies the real time control demand. The flowchart is shown in Figure 3.8.

Communication
between PC and VN,

Set up GPIB, VNA is
under remote control
(The light on the VNA
front panel will indicate|
the condition)

l

Input frequency and
relevant factor from
PC by user, and set to
VNA

l

Select VNA chart
mode display by user
from PC

l

After finishing all
operation, PC will set
VNA to local control

Figure 3.8 Communication between PC and VNA

There are three VNA chart modes available: a) Polar Format; b) Log Magnitude and Phase; c)
both Polar and Rectangular. In planar near-field measurements, we use magnitude and phase.
During the measurement, the VNA is not permitted to input data from the front panel until ‘clear”
is operated first. After finishing near-field measurements, the VNA will be returned to local
control. The user can input data and operate on the front panel of the VNA.



3.5.2 Communication between VNA and ST-143 dual motor controller

As described before, when the probe reaches a certain position as shown in Figure 3.9, a
trigger signal is demanded to activate the VNA. Then, the VNA measures the magnitude and
phase of the AUT. Generally, the probe motion on the screen is discontinuous. it only picks up

the magnitude and phase at the black dot points. Because the centered points should always be

measured, the number of the measurement points should be odd.

Probe
fpotion
Xn,Yn)

-—

When probe
sends a trigg

probe

ach the dot position,
signal to VNA, the
res the magnitude and ph:

Xn, Y0)

Start
position
(Xn, Y-n)
ST-143
VNA
by the

Figure 3.9 Probe operation



After setting up the system, the key task is to trigger the VNA360 which is shown in Figure
3.10. The magnitude and phase at certain locations shown as Figure 3.5.2 should be measured
and recorded by the VNA360 in real-time. A trigger signal should be sent to the VNA whenever
the probe moves a step-length, and it should be easy for the user to change the step-length by
input from PC. The signal can be a separate signal and must give a trigger signal whenever
demanded — it must trigger the VNA360 when the probe is at certain positions. In order to get
the trigger signal, several tests are needed.

pC
>, 4 Fry
&/

i sT-143 o
‘motors

S/ 2

o/

3
VNA % cont_ CMOS 4069

Figure 3.10 System communication setup

As the VNA is already in C-CORE's anechoic chamber measurement system, a scope is used
to check the trigger signal (output) given by a NF90 series stepping motor controller, a VELMEX
Inc. product, which is used to drive one motor to get the H-plane inside the anechoic chamber
measurement system, and connect with VNA360. It is active high and the signal level is TTL.

In order to obtain the trigger signal for the VNA, we have tried several methods. First, get the
signal from the out port of the A-BUS adapter, but signal level is different. Then signal for
driving the motor has been tried. Its frequency does not match the need of the trigger signal.
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After that, signal from RS-232 (serial port of PC) has also been tested, it is not a normal TTL.
Finally, the trigger signal is obtained from ST-143 card /O selection and then through CMOS
4069 (invert gate) to get the trigger signal as shown in Figure 3.11.

3v-15v
(from ST-143)
1.

CMOS 4069

! L]

2
Trigger signal Vss
to VNA (from ST-143)

J3(2
(ST-143)
Figure 3.11 Trigger signal
The ST-143 card address is 512. Before moving the probe on the planar screen, the PC must
select the right address to drive the motor. Its signal level is within TTL. Now, in order to give a
trigger signal, another /O address, not address 512, is selected. Because it is active low, an
CMOS 4069 (invert gate) is used to get a reverse signal, then connected with the VNA360 EXT.
Digital Control port. The VNA360 measures and records the data by the function which is
written in my program.
The trigger signal and Vss are connected with the EXT. DIGITAL CONT. of the VNA. The
function is finished by the following commands:

out 513, 1

for t=1 to 400: next t

where the last command is used for a piece of delay. When the VNA receives the trigger signal,
the magnitude and phase picked up by the probe at certain locations are recorded on the screen of
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the VNA. The motion is repeated until one vertical line measurement has been finished. Then the
magnitude and phase measured are passed to the PC and saved as a data file.

3.5.3 Communication between PC and Stepper motor controller

As described before, the PC controls the function of ST-143, a stepper motor controller,
through AR-133, an A-BUS adapter.

In the system, the A-BUS adapter, AR-133, is plugged into the computer, and connected with
the A-BUS card, ST-143. The PC controls the motion of the stepper motor controller by software
program. The program for driving the probe and giving the trigger signal to VNA is written in
Quickbasic language, and is stored in the PC. The user just needs to interface with the PC. The
flowchart of PC management of the motion of the dual stepper motor controller is shown in
Figure 3.12.
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Figure 3.12 PC management of the stepper
motor controller

After the communications between the PC and the VNA, the PC and the stepper motor
controller, and the VNA and the stepper motor controller have been set up, the communication in
the whole near-field measurement system is shown in Figure 3.13.
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Figure 3.13 Near-field system
3.6 Operating and Program results

In a near-field antenna measurement system, the PC controls the motion of the probe, the
'VNA, and the communication in the system. Since it performs a real-time control, the program is
written in such a way that the functions are performed in separate time series. Quickbasic
language is preferred, because it is simple, runs fast and available on most PC. The assembly
language is embedded since it makes the running speeds up. The program has been created as an



executable file. User just need to type in the name N_F to run the program. Before running the
program, the probe is put to be in the center of the scanning plane, and face the AUT. The
location of the probe can be controlled by the program named move.bas, whose executable file is
move. The i and the

ing steps are given in Figure 3.14.
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PC Measurement
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length along the
horizontal direction

,J

nish one grid plan
measurement?

Figure 3.14  Flowchart of PC management

Before running the operating program, the operator should check the data files “di_x" and
"di_y" which are direction files, and indicate whether the probe moves in a leftright and
up/down direction according to the scanner condition. Then in running the controlling program,
the following reminders will be given:



(1) After input the program name: N_F, the following will appear on the screen:

bl ANTENNA MEASUREMENTS *
¥ Version 2.00 .

* (C) Copyright Bing Yan 1996 o2
¥ All rights reserved *

* Hello, you are going to measure the radiation pattern ~ *

» of antenna near-field at a single frequency *

(2) Then, the PC will tumn off the data drawing of VNA and select external measurement
triggering, also CW turn on and CW frequency set to value:

* Please set CW frequency value in GHz

> Input CW frequency value:

User inputs the value in GHz.

(3) After user inputs the frequency, program will ask you to select:



*  This part of program is used to select Ld
* the chart mode displayed on the front panel ~*
*  For N/F measurement, we Choose 2 *

* 1. Display in Polar Format
* 2. Display in Log Magnitude and Phase
* 3. Display in both Polar and Rectangular

==> Please input I, 2, and 37

In near-field antenna measurement, we choose 2. If user choose other data not 1, 2, 3, then
" no choice! "
will appear on the screen.
(4) The PC will set the following information to VNA now
a) Set the display start from 0 and stop at 360 degree
b) Tumn on data drawing
c) Active channel information

% This part of the program is used to *
* drive the probe according to the wavelength *

=> Please input the maximum displacement in meter

If the displacement inputted > 1.5m, it will ask the user to input again; otherwise it appears



==> Please input the factor (should be > or = 2):

After input the displacement you need, then it will calculate the number of turns according to the

following relationship:
linch=2.54 cm
0.25" x 20 threads per inch (Lloyd project)
turn = CINT(step-length/0.0254x0.25x20)
where the step-length is given by:
step-length = 0.3/frequency/factor
Also the number of points will be given by
points = CINT(displacement/step-length)
The number of turns in whole displacement is given by
counter = turnx(points-1)

Then all the information will appear on the screen:

* frequency =

* the step-length is

* turns in one step-length =
* the number of points is

* the number of turns in whole displacement =

then it appears:
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* Please make notes before you begin next step *
1. the number of points is
2. the number of turns is

3. one turn =

Then the PC will set the CW frequency calibration data points, also enter the number of points
drawn in CW

==> Please input the number of points into NA360 (option menu)

==> Please press any key to begin next step

After all these operation, the PC will communicate with scanner.

*  This program is used for recording a due trace ~ *

* at the same frequencv *

After all measurements have been done, the following information will appear on the screen

* Thank you ! ®
* Program ends and VNA360 returns to local control *

- If you want to do it again, please input N_.F ~ *

Note: Because the zero points are need to be measured, the points of probe pick up are odd.



Chapter 4

Near-Field to Far-Field Transformation

Since an antenna is a device for transforming a transmission guided wave into a wave radiated
in space, or vice versa, and the distribution of field strength about an antenna is a function of
both the distance from the antenna and the angular coordinates, the objective of this chapter is to
determine antenna radiation patterns, and give the proper transformation of the far-field radiation

pattern.

4.1 Far-field determination from source distributions derived

from near-field measurements

Complete electric £ and magnetic A fields within a given volume can be expressed in terms
of the current densities of the sources within the volume and the values of the field itself over the
boundaries of the volume. If the volume of interest is defined to contain no sources and to be
bounded by a closed surface S and the sphere at infinity, the £ and H fields at a point P within

the volume are:

41



E, =ﬁj"[—jwu(ﬁxﬁ)v+(ﬁx E)xVy +(i-E)Vyda) @1

H, =#j’(-jwu(ix E)W + (7 x H)x Vy + (7 - H)V yda) “42)

where 7 is the unit vector normal to the surface. The function  is the scalar portion of the

Green's function and is given by

v 43)

r

where k is the free space wavenumber (27/A) and r is the distance from a point on the surface to a
field point [6].

When it is desirable to determine the current or charge distribution on the surface of the
antenna rather than the field distribution in an aperture, the closed surface S is assumed to be
perfectly conducting and boundary conditions

AXE=0 aAxH=K

iE=L aH-0 4.4
€

are applied, where K is the surface current density and p, is the surface charge density. If, in
addition, the equation of continuity relating current density and charge density is utilized, the
equations for the E and H fields can be expressed in terms of either current density or charge
density alone. In terms of surface current density on the perfectly conducting surface S, the

electric and magnetic fields at a point P in the volume of interest then can be expressed as

J o Rl
E,=-—_[(K-V)V+k’KI*—da .5)
4rw € r
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4.6)

the method of ining field patterns from source
involves the ication of (4.1, 2) for aperture distributions or (4.5, 6) for current
distributions. In the first case, field are made to ine the E and H field

distributions over a surface surrounding the antenna [6]. Except for very simple geometries,

(4.1-2, 5-6) are extremely difficult to apply without imati These

usually relate to the nature of the fields or currents on the surface over which the integration is

The imations that are to permit ion of the surface integrals
usually fall into one of the following areas:
(1) Assuming negligible contribution of the fields or currents over some portion of the
surface;
(2) Assuming all radiation follows outward normalize to the surface;

(3) Assuming the electric and magnetic fields are linearly related as in a plane wave;

“@ i ll-angl imations and thus limiting the angular region for
locating the field point.
Approximations of this type should be distinguished form the normal far-field approximations
that simplify computation but produce valid results at distances sufficiently far from the source to

satisfy far-field conditions.
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4.2 Algorithm development--asymptotic evaluation of the

aperture radiation field

The integral to be evaluated for large values of r is

E® =4L Fik, .k, v " dk dk, @

The technique that will be used is Rayleigh's method of stationary phase. The rationale
underlying this method is as follows: When r is very large e?*" is a very rapidly oscillating
function. Thus the contributions to the integral from various points in the k:k, plane tend to
cancel because there is a lack of in-phase addition from the various regions. An exception is a
point where k - r, which is a function of k; and k,, to first order does not vary with small changes
in kg, ky. Such a point is called a stationary phase point and is characterized by the vanishing of

the first derivatives of k - r with respect to k, and k,; that is,

Ak -7) Ak -7)
=0 dx Do 48
& x, (438

At a stationary phase point the phase of e7* does not vary rapidly, and a nonzero contribution
to the integral would be obtained from this region of the ke, plane. In the small region
surrounding the stationary phase point, which we denote by k.=k;, k,=k», the slowly varying
function f(ks k) is put equal to its value at the stationary phase point. The integral that remains

then only involves the function e?*” and can be evaluated.



In order to facilitate the evaluation we express k-7 =k, x+k,y+k_z inspherical coordinates
by using x = rsinfcos¢, y =rsin@sing, z=rcosé; thus
k-F=r(k,sinfcosg +k, sinfsing + ,/k,f —k} —k? cosB) (4.9)

The stationary phase point is the point where

3—‘;-"ﬂ=o '?(;—;F)ﬂ) @.10)
that is, where

k, =k, =k,sinfcos¢ (4.11-a)

k, =k, =k, sinBsing @.11-b)

A Taylor series expansion of & -7 in vicinity of k;, k; gives

Eormkrs 'a; Fti )ui” ",’F(lz,-k,)‘
ax 4.12)
& *. (’( -k, )(k —ky)=kor— (Au® + Bv? + Cuv)

where u=k, —k,, v=k, -k,,and A, B, and C are constants defined by this equation.
The asymptotic solution for E(r) is thus
E@) - % (ks sinBcos9.k, sin@sing) [[ ety @.13)
&
where we have put f equal to its value at the stationary phase point, and As is a small region
centered on the stationary phase point which is at u=v=0 in the uv phase. We now use the

stationary phase argument again to note that e/“***"*“™ yil] oscillate very rapidly when u and

v are not zero, since the A B Care i to r and very large for

large values of 7. Thus the integral can be extended to cover the whole uv plane, since in the limit
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as r becomes infinite the contributions from u and v outside of As will cancel from phase

interference. Hence we need to evaluate the following expression:

| Jeraeaemugy @.14)
Because
2 2 2
Au* + Bv? + Cuv = (ﬁ‘”_f-) 4A +Ev

and put vAu+(Cv/2JA) = w to get for the integral the result
- J Ie,f'g,«u.amu. dw 4
2 Ja
Next we use the known result
[em=vax= 7,:-" (4.15)

to evaluate the integrals over w and v. We then obtain

=22 onfeces
JMB -c? r
upon using

Lot S
2k, kjcos’6

)

&1 K
B=Z(—+——2
Z(k,, k,,’cos’ﬂ)
kik,r
" kicos’@

Our final result is [25]



9, k, sin@sing) (4.16)

with

Flk k)= [ E,(xy)e™ e dedy @1
%

Equation (4.8) and (4.9) will be used to get the far-field radiation patterns.
4.3 FFT Algorithm used for far-field

In a source-free region in which near-fields are measured, the time-harmonic Maxwell
equations can be transformed into:
VE +k’E=0
VA+k*H=0
V-E=V-H=0
The far-zone radiation field computed from the aperture electric field is given by [25]
E= %e""[a,(l_ cos¢ + f, sing) +a,(f, cosg - f, sing)cos] (4.18)
where the following fast Fourier transforms (FFT) are used:

Fulloky) = [ B (e y)e™ ™ dudy (@.19-2)

ek, = [ E, (euy)et et dudy (4.196)

and k, =k,sinfcos, k, =k, sinBsing.
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Since the measured near-field data are discrete, i.c. not continuos, the equation (19-a, b) become:

Fulko k)= 3 S Ery e Axay @.20-0)
&%

Folkok) = 3 S E, (3,7, )e" 5 Axy @20)
S

where E_(x.y,) and E,(x.y;) are the E, and E, components what we measured in

position (x;, ;) on the near-field planar, which include magnitude and phase components, as

shown in Figure 4.1.
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Near-field measurement Probe motion

Figure 4.1 Near-field measurement
Ex, Ey, and step-length



E,(x,.y,) =E(x,,y, " (421-a)
E o (x,.y) HE, (x,.y, "~ @.21-b)
Axand Ay are equal to step-length

Ax=Ay= iAE (factor>2) 4.22)
factor

After submitting these definitions, we can get far-field radiation patterns from equation (21-a &
21-b).
In fact, the network analyzer measures gain instead of E. When we apply the FFT algorithm to
get far-field radiation patterns, we use the following equation in programming:
P~E?
It is because of
P=ExH
and outside of the reactive (evanescent) near-field region, the E and H fields are related by the

characteristic impedance of free space (377Q) [2].

4.4 Algorithm application

After the near-field measurement has been performed, the next step is to use the algorithm
described alone to calculate the far-field radiation pattern. The following flowchart in Figure 4.2

describes the operation in detail.



Load
x.y.ey1(amplitude),
yp1(phase)

Input operating
frequency, factor
(step-length=lambda/

actor)

Calculate step-length,
and measurement

theta=theta+1

for phi=0:180 calculate|

x, ky;
x=0, fy=0

phi=phi+1

fori=1toc, for j=1to !
calculate fx, fy

Iculate E-phi, and
theta

Figure 4.2 Fiowchart of near-
fiald/far-field transformation




4.5 One dimensional near-field antenna measurement

The One di i field antenna develops from the general equation

which is based on the aperture electric far-field radiation pattern is given by (4.18). In most

conditions, we are only i in the i i antenna radiation patterns, as
shown in Figure 4.3.
[%%
|
| i
| i
% i
H 9 -
| (3 rectangular |
X | scanner | Far-zone
. ! ' z
Lk :
0 b r :
£ i H orizontal radiation
H E\ : pattern along x-
i ‘y P axis in the far-field
! e 9 180
| -
L~
& s
Figure 4.3 One-di i near-field

In this case, =0 or ¢ = 180" are used. So, equation (4.18) can be rewritten into

Epp =%z""’[a,(f, cos0+ f, sin0) +a,(f, cos0~ f, sin0)cosf]

En =%e'~[¢,(f,cosl80+f, sin180) +a,(f, cos 180~ £, sin180)cos6]

from which we get
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i,
Evo=32e (0], +a,f, c056)
Epp =22 e M (—a,f, —a,f,_ cosh]
wito =3 NARTN

where

fo =SB (x, Oem A
<

£ =3 B, (x, 0= Ax
=

a

Fon =3 Bl )58 Ax

and we can get

Val =l
[f-.|=|j'—|

ke
B, gl=IE, i<

e lia, f,, +a,f, cosél

4.6 Probe-correction for planar near-field scanning

‘When near-field antenna measurements are performed, the collected data are the received
power of a probe, which has a known near-field receiving radiation pattem, results from scanning
on a plane in front of the AUT. The assumes that the probe receives with ominidirectional
capability and that multiple interactions between the probe and the test antenna are negligible

[18].

(4.23-a)

(4.23-b)

(4.24)



In fact, the probe used in our measurements is a dipole antenna which has a specific near-field
parameters. Probe-correction is not required for on-axis gain comparison measurements. The
probe-correction affects gain only at off-axis angles. Most antenna gain measurements are made
on boresight, requiring no probe-correction. Multibeam antenna gain measurements usually
require probe-correction. Probe-correction, however, is required for directly measurements [40].
‘When one focuses on the boresight antenna gain measurements, we do not consider the effect of
probe-correction. When we do other off-axis angles measurements, probe-correction needs be
taken into account.

The far-field pattern of the test antenna is the Fourier transform of the output of the probe
divided by the far-field pattern of the probe [18]. The final probe-correction formula is given by
equation (25).

Tolkeoky) = Ry kb)) [~[ 7B, R dxdy,  25)
o

The spectrum 7, is represented for the electric field radiated into free space by the test antenna
as a product of the inverse receiving characteristic of the probe and the Fourier transform of the
vector output of the probe [18].

In our measurement, one-dimensional near-field antenna measurement is preferred. It is an on-

axis measurement and does not need to consider of probe correction.



Chapter 5
Validation of the System

Several preliminary, i i tests were to find the required near-field

spacing and scan size, the best value of the probe-antenna-separation distance, and to find the
level of the leakage, and to reduce it, if necessary. Comparisons with the far-field radiation
pattems obtained by direct measurement inside C-CORE's RF anechoic chamber will determine

the success of the developed near-field/far-field measurement system.

5.1 Description of Antenna under test

In the tests, we use two different antennas as the AUT: one is an L/C band microstrip antenna
which was designed and built following specification set by the Canadian Space Agency (CSA)
for satellite-based Synthetic Aperture Radars (SAR’s); the other is a horn antenna.

5.1.1 L/C band microstrip antenna

The CSA specifications for an L/C band microstrip antenna requires operation in both the L
band at 1.275 GHz and in the C band at 5.3 GHz. This antenna was designed, built and tested



inside C-CORE's RF anechoic chamber [26]. The antenna specifications are described in Table
S.l:

Table 5.1 Device Specifications

C-Band | L-Band

Frequency 53GHz | 1275GHz

Bandwidth 10MHz | 10Miz

Radiation pattern Broadside | Broadside

Polarization Dual Dual Linear
Linear

The antenna shape and size is shown as Figure 5.1 and Figure 5.2.

l

—0

4580 250.659
am  am

L Band element 4-paiches C band element

Figure 5.1 L/C band Microstrip antenna elements



Figure 5.2 LC microstrip antenna

5.1.2 Horn antenna

The hom antenna used here is a commercial antenna. Its structure is shown as Figure 5.3.

PM 7320X
SIVERS Lab Frequency: 9.35 GHz
Stockholm Sweden

Figure 5.3 Antenna under test
horn antenna

The operating frequency is 9.35 GHz.



5.2 Test sample spacing

The test-sample-spacing procedure was used to find the required near-field spacing. It
consisted of taking one-dimensional scans in x and y with very fine spacing (about 0.251). First,
an FFT was performed on the full set of data, then using only every other point, then using every
third point, and so forth. From this, we could compare the far-field spectra from various spacings.
The smallest spacing was assumed adequate. When the spacing from the other FFTs was so large
that the spectrum changed by more than the desired accuracy, a spacing equal to or smaller than
the next smallest spacing was used.

From these i i tests, we that the spacing between near-field data
points should have been about 0.5A for the L band and 0.24A for the C band for microstrip
antenna; and 0.5A for the homn antenna, in both x and y, where A was changed according to
different band.

5.3 Test scan-length and distance

In principle, the planar near-field method assumes measurements on an infinite plane. Since
this is impossible, we had to determine the required scan size to obtain the desired accuracy over
the angular region of interest. This scan-area truncation had two effects. First, the far-field results
were valid only within the angular region 8o defined by the AUT aperture and the scan area as
shown in Figure 5.4.
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Figure 5.4 A schematic showing the angle of validity of the far-
field, based on the near-field geometry.

Second, truncation produced errors within the region of validity because the field was non-zero
at the edge of the scan area. This non-zero amplitude caused a small ringing when the FFT was
performed.

The test-scan-length procedure was similar to the test-sample-spacing procedure, in that one-
dimensional centerline scans in x and y were performed. These centerline scans were very long,
and data were truncated from the edge in various amounts. As in the test-sample-spacing
procedure, the computed spectra were compared, and a required scan-length was determined. In
our test, scan-length is less than /.5m. For L band microstrip antenna, the scan-length is about
1.2m; for C band microstrip antenna, the scan-length is about 0.5m; for homn antenna, the scan-
length is about 0.4/m.

The distance between the AUT and the scanning plane is selected in the range of 2/A~10A.

58



5.4 Probe selection

In our test, we have used three small antennas as probes. They are monopole, dipole, and small
homn antenna. After using the FFT, we found the near-field measured by the small dipole is the
best because it causes less reflection than the hom antenna, and it is easier to conform the center

than the monople antenna. Its shape and size are shown in Figure 5.5. For L band microstrip

antenna, far-field radiation patterns from field obtained by
different probes are shown in Figure 5.6. Small dipole probe is recommanded because the far-
field radiation pattern obtained from its measurement matches the direct far-field radiation
pattern obtained inside C-CORE’s RF anechoic chamber.

thin wire S kg
2.3cm " R
em
-

2em = w7

7

A | 90 degree
90 degree SMA SMA female
fe
small dipole probe small monopole probe small hom probe

Figure 5.5 Probes used in tests



Figure 5.6 Comparison of different probes measurement results

In Figure 5.6 “.” line represents the far-field radiation pattern calculated from the near-field

which is measured by the small horn antenna; *“-” line represents the far-field radiation pattern

calculated from the near-field which is measured by the small dipole antenna;”./-” line represents
the far-field radiation pattern calculated from the near-field which is measured by the small

monopole antenna.

5.5 Test results

During the measurements, different distances from the AUT have been applied, and different

sampling length have been selected. For different AUT, different results are given.



5.4.1 Test results for L/C band microstrip antenna

‘When we put the L/C band microstrip AUT, the key characteristics are given in Table 5.2:

Table 5.2 Near-field

ip antenna)

C-Band L-Band
‘Operating frequency 5.79 GHz 1.29GHz
Probe shape & size 4cm dipole 4cm dipole
Distance between probe & AUT(d) | 13 cm 30cm
Number of discrete points 19x19 9x9
Grid size 0.466 m 1213m
-} 326° 56.69°

where 6 is the largest angel from broadside direction with accurate results as shown in Figure

5.4 before. After near-field measurement, we apply the FFT transformation to get far-field

radiation patterns. It is shown as Figure 5.7.
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C band

Figure 5.7 Far-field radiation patterns of microstrip antenna

by two-di and di | NF/FF



5.5.2 Test results for horn antenna

Other antennas have been used as AUT, such as the homn antenna which has a operation

frequency of 9.35 GHz. Its characteristics are listed in Table 5.3:

Table 5.3 Near-field measurement of horn antenna

Operating frequency 9.35 GHz
Probe shape & size 4cm dipole
Distance between probe & AUT (d) |22cm
Number of points 29 x29
Grid size 04lm

6o 392°

Figure 5.8 gives the far-field radiation patterns calculated by one-dimensional and two-

field




Figure 5.8 Far-field radiation pattern of horn antenna

5.6 Comparison of the direct far-field

After near-field antenna measurements have been performed, FFT is used to obtain the far-

field radiation patterns. The far-field radiation patterns from near-field/far-field antenna

need to be evaluated by direct far-field results. An hoic chamber

measurement system in C-CORE, MUN, are used to validate this.



5.6.1 Anechoic chamber measurement system

The direct far-field radiation patterns of the two antennas are measured inside C-CORE's
anechoic chamber. Direct measurements of the far-field inside the chamber were performed by a
transmitter antenna in the shape of a small log-period ground based dipole antenna. The AUT
was placed on a rotating table at the other end of the chamber. The VNA outside the chamber
measured the power transmitted between the two antennas when the AUT rotated [26]. The
anechoic chamber is a 4m X 2.5m x 2.5m metallic box covered by radio frequency absorbers. The
AUT is mounted on a rotating table inside the chamber, and the transmitter antenna is a
log-periodic antenna. The distance between the AUT and the transmitter is about 2.4m. We
measured the horizontal radiation pattern of the microstrip antenna +90° from the broadside
direction. Figure 5.9 shows the anechoic chamber measurement system at C-CORE.

Longer
pyramical
AF.absorvers

Antenna
undertest > Specular Ragion
\

Figure 5.9 Anechoic chamber measurement system



The computer will drive the motor controller to rotate the table and record the measurement
from the VNA. The VNA we used is a two-port Wiltron product Model 360 which has a
frequency range of 40MHz - 40GHz and frequency resolution of /00KHz. The motor controller is
the NF90 stepping motor controller which is produced by Velmex Inc.. The communication
between the PC and the motor controller is performed by RS-232. Quickbasic embedded
assembly language is used in programming.

5.6.2 Comparison of near-field and far-field results

One can compare the far-field patterns obtained from the low cost near-field antenna
measurement system built in C-CORE with those obtained by the anechoic chamber
measurement system in C-CORE. When we plot them together as shown in Figure 5.10, we
found that the difference between the two patterns was generally less than 5 dB in validity range,

which is rather P F when one comp: i antenna field
measurement results with the other two, as shown in Figures 5.10, 5.11, 5.12, the difference
between them and the data measured inside the anechoic chamber are even less. One can attribute

this to the fact that the dipole is more idirecti as it travels hori; parallel to the

AUT than when it moves. The changes in the dipole gain when it travels vertically can be
considered as the reason for the departure of the grid model far-field pattern from the direct far-
field since probe correction methods have not been implemented here. Figure 5.10 and Figure
5.11 give the comparison of the L/C band microstrip antenna horizontal radiation pattem; and
Figure 5.12 gives the ison of horn antenna hori: radiation patterns.




Figure 5.10 Comparison of L band microstrip antenna horizontal radiation pattern
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Figure 5.11 Comparison of C band microstrip antenna horizontal radiation pattern

In Figure 5.11 “/-” represents direct far-field radiation pattern measured inside anechoic

chamber system; “-” far-field developed from 2-dimensional near-field

antenna measurement; “.” represents far-field developed from one-dimensional near-field

antenna measurement.
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deg

Figure 5.12 Comparison of horn antenna horizontal radiation pattern

In Figure 5.12 “/-” line represents direct far-field radiation pattern measured inside anechoic
chamber measurement system; “-” line represents far-field developed from 2-dimensional near-
field antenna measurement; “.” line represents far-field developed from one-dimensional near-

field antenna measurement.
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5.7 Recommendation

The effect of the multiple interactions can formally be taken into account by using the plane-
wave scattering-matrix theory [18], but in our test, we assume the distance between the probe and

the test antenna is always large enough for multiple interactions between the test antenna and the

probe to be negligible. In order to reduce the multi ion during low power of
VNA is recommended. In our test, 0.0dBm power is used.
Different position of AUT causes different near-field antenna measurement results, and cause

different far-field data. Figure 5.13, 5.14 show the different positions we used for the L/C band

ip antenna field position 1 is preferred.
The difference between direct and indirect antenna measurement data may be caused by
different probes we used for different system, and also different cables.

Holder AUT I

Near-field planar|scanner

[SPlastic cube covered
IS by RF. absorbers

\VAYAYAY,

Figure 5.13 Near-field antenna measurement: position 1



Near-field planaf scanner

Figure 5.14 Near-field antenna measurement: position 2



Chapter 6

Conclusion and Future Works

6.1 Conclusion

A low cost field/far-field antenna system has been designed, built in C-

CORE, ial University of Validating was done by using direct far-field

antenna measurement system (C-CORE's anechoic chamber measurement system). One- and

near-field are on the planar scanning plane in the

near-field. FFT algorithm is used in the development of the far-field radiation pattern.

Reasonable agreements are observed between the data calculated from the near-field/far-field

measurement and direct far-field data measured in C-CORE’s anechoic chamber measurement
system.

One-dimensional near-field antenna measurements are preferred when measuring horizontal

radiation patterns. One-di i field antenna do not need probe-

correction, also they make the near-field/far-field measurement speed and data process speed fast

with i i near-field

The data obtained from near-field/far-field measurements and those directly measured inside
the chamber validate both techniques.
The software package for the system is written in such a way that it has a user friendly

interface.



6.2 Future works

All of the near-field measurement results we obtained, are performed outside of the chamber.
If measurements are performed inside the chamber, the near-field measurement results should be
better.

The far-field radiation patterns which are obtained from two-dimensional near-field
measurements do not apply probe ion. Probe ion can be i in the future
works.
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Appendix I: VNA Calibration

Figure 5-2. Siandard OSL Calibration Setup Menu Sequencing (1 o ©



Figure 5-2. Standard OSL Calibration Setup Menu Sequencing (2 of 4)




Coaxial (Menu 11A) @ Microstrip (Menu 11A)

—®

Figure 5-2. Standard OSL Calibration Setup Menu Sequancing (3 of 4)



Figure 5-2. Standard OSL Calibration Setup Menu Sequencing (4 of 4)
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