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WARRANTY

The Electro-Mechanics Company (EMCO) warrants that our products are free from defects in
materials and workmanship for a period of two years from the date of shipment. If you notify us
of a defect within the warranty period, we will at our option, either repair or replace those
products which prove to be defective. If applicable, we will also recalibrate the product.

There will be no charge for warranty services performed at the location we designate. You must,
however, prepay inbound shipping costs and any duties or taxes. We will pay outbound shipping
costs for a carrier of our choice, exclusive of any duties or taxes. You may request warranty
services to be performed at your location, but it is our option to do so. If we determine that
warranty services can only be performed at your location, you will not be charged for our travel
related costs.

This warranty does not apply to:
1. Normal wear and tear of materials;
Consumable items such as fuses, batteries, etc.;
Products which have been improperly installed, maintained, or used;
Products which have been operated outside of specifications;

Products which have been modified without authorization; and,

IS O i

Calibration of products, unless necessitated by defects.

THIS WARRANTY IS EXCLUSIVE. NO OTHER WARRANTY, WRITTEN OR ORAL, IS
EXPRESSED OR IMPLIED, INCLUDING BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR PARTICULAR PURPOSE.

THE REMEDIES PROVIDED BY THIS WARRANTY ARE YOUR SOLE AND EXCLUSIVE
REMEDIES. IN NO EVENT ARE WE LIABLE FOR ANY DAMAGES WHATSOEVER,
INCLUDING BUT NOT LIMITED TO, DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY
OTHER LEGAL THEORY.

Please contact our sales department for a Return Material Authorization (RMA) Number before
shipping equipment to us. Telephone USA +1-512-835-4684 or facsimile USA +1-512-835-
4729.



This product an

NOTICE:

SAFETY SYMBOL DEFINITIONS

familiarization with s_.afety markings and instructions befcre operation.

d related documentation must be reviewed for

Aon

REFER TO MANUAL
When product is marked with this symbol refer to instruction manual for additional

information.

HIGH VOLTAGE
Indicates presence of hazardous voitage. Unsafe practice could resuit in severe

personal injury or death.

PROTECTIVE EARTH GROUND (SAFETY GROUND)

Indicates protective earth terminal. You should provide an uninterruptible safety
earth ground from the main power source to the product input wiring terminals,
power cord, or supplied power cord set.

CAUTION
Denotes a hazard. Failure to follow instructions could resuit in minor personal injury

and/or property damage. Included text gives proper procedures.

GENERAL SAFETY CONSIDERATIONS

BEFORE POWER IS APPLIED TO THIS INSTRUMENT, GROUND [T PROPERLY
through the protective conductor of the AC power cable to a power source provided
with protective earth contact. Any interruption of the protective (grounding)
conductor, inside or outside the instrument, or disconnection of the protective earth

terminal could result in personal injury.

~~ LINE INPUT

115/230 V
A oo
100 VA MAX.

BEFORE POWER IS APPLIED TO THIS !NSTRUMENT. SET ITS PRIMARY POWER
INPUT to the voitage of the AC power source. Faiture to set the AC power input to the
correct voitage could cause damage to the instrument when power is applied.

BEFORE SERVICING: CONTACT EMCO - servicing (or modifying) the unit by
yourself may void your warranty. If you attempt to service the unit by yourself,
disconnect all electrical power before starting.There are voltages at many points in
the instrument which could, if contacted, cause personal injury. Only trained service
personnel should perform adjustments and/or service procedures upon this
instrument. Capacitors inside this instrument may still be CHARGED even when
Instrument Is disconnected from its power source.

TO AVOID A SAFETY HAZARD, replace fuses with the same current rating and type
(normal blow, time delay, etc.). Order any replacement parts direct from EMCO.

TO AVO!D UNDUE MECHANICAL STRESS on the GPIB /0 CONNECTOR, limit
connector stacking to no more than three cables on one connector.

ONLY QUALIFIED PERSONNEL should operate (or service) this equipment.

OCT 1994 / REVA



BOSS MANIPULATOR™ AND MODEL 5390 CONTROLLER
For GTEM!™ Models 5311 and 5317

INTRODUCTION

The Electro-Mechanics Company (EMCO) Boss Manipulator and its Model 5390 Controller are
designed for use with EMCO Gigahertz Transverse Electromagnetic cells (GTEM!) to accomplish
a variety of EMC tests including those for compliance with the rules and regulations of the
Federal Communications Commission (FCC) and the European Union (EU). The use of the
GTEM! for such testing complies with the intent of §5.4.2 Alternate Test Sites, in ANSI C63.4-
1992 [1].

The Boss Manipulator used in the GTEM! facilitates rapid testing of an equipment under test
(EUT) using not only the standard three-position test procedure, but nine, twelve, twelve-plus-
four, and other test procedures that are needed to provide near-field measurements and to
characterize special EUTs as well. The Model 5390 Controller permits both manual and
computer control of the Boss Manipulator; thus providing both automated and manual EMI
emissions and immunity testing to meet all commercial and military requirements for an EUT.

The objective of this equipment manual is to let the operator use the fullest capabilities of the
manipulator to enhance EMC tests in GTEM!s. This manual explains the need for the
manipulator, describes both it and its controller and tells how to use them.

EMC measurements in the GTEM! require that the EUT be measured in at least three orthogonal
positions so that enough data are collected to predict or "correlate” the performance of the EUT
to measurements on an open-area test site (OATS) or in a semi-anechoic chamber. Whether
measuring the EMI emissions or immunity of an EUT, tests must be made with it in several
positions. Positioning the EUT for each measurement can be done manually, but this is quite time
consuming and can require two or three people to reposition the EUT inside the GTEM!. Not
only does changing the EUT position take time, but supplies of dielectric materials of low
permittivity are needed to support it in each measurement position. With the aid of computer-
controlled instruments, the GTEM! is capable of very rapid collection of measured data; thus it
can easily take longer to manually change the EUT positions than it does to collect the data.

The time to manually position the EUT can be the major part of the total test time when nine or
more positions are needed. It is easy to see that if the data are taken by computer-controlled
instruments, then a device is needed which will let the computer reposition the EUT under
program control. The Boss Manipulator with its controller fills that need.

!Numbers in square brackets denote documents listed in the References section of this manual.
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GENERAL DESCRIPTION

The EMCO Boss Manipulator system consists of a platform apparatus, a motor base, the Model
5390 Controller, and a Hand-Held Control Unit. The platform apparatus mounts inside the
GTEM ! on the floor, and the motor base mounts outside the GTEM! underneath the floor. These
are shown in Figures 1 and 3. The Model 5390 Controller may be used on a desk or mounted in a
rack. The controller and the hand-held unit give the operator complete manual control of the
manipulator, and controller gives the operator automatic remote control through a GPIB
connection to an external computer.

Figure 1. Picture of Boss Manipulator
Boss Manipulator

Platform Apparatus. The platform apparatus has two axes, an azimuth axis perpendicular to the
floor of the GTEM! and an orthogonal (ortho-) axis set at an angle of 35.3° to the Floor. The
frame of the platform apparatus rests on a circular phenolic bearing or guide-ring on the floor of
the GTEM! and rotates 370° around the azimuth axis. The EUT platform rotates +125° around
the ortho-axis. This is shown in Figure 3. The EUT platform, or simply, the platform, is
perforated to reduce its weight, to reduce its effects on the electromagnetic fields around the
EUT, and to provide anchoring points for securing the EUT during testing. It is removable so
that multiple platforms can be used to stage and queue several EUTs for testing. All of the
platform apparatus is constructed of dielectric materials which have low permittivity. To reduce
perturbation of the electromagnetic fields by the platform apparatus, all of the parts are cut away
or perforated, e.g., the platform, so that only the minimum amount of material, needed for
strength, is inside the GTEM! near the EUT. The effect of the manipulator on test results is
discussed in "Impact of Manipulator on Measurements,” on page 15, and in a report by Osburn,
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et. al. [2], (see Appendix B). The part of the metal drive shaft from the motor base which
penetrates the floor of the GTEM! is kept short to prevent or minimize any field perturbations.
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Figure 2. Simplified CAD Drawing of Platform Apparatus.

Motor Base. The motor base mounts under the floor of the GTEM! so that it is outside of the
cell. It has a reversible motor with a gear box which drives two concentric shafts that drive the
platform apparatus inside the cell. The inner shaft is driven directly by the motor and gear box,
and the outer shaft is driven through a solenoid-operated electric clutch. The outer shaft drives
the frame of the platform apparatus in azimuth and the inner shaft drives the ortho-axis assembly.
To change the azimuth, the clutch is engaged and the motor turns both shafts so that there is no
relative motion between the ortho-axis assembly and the frame. The motor rotates clockwise
(CW) to increase the azimuth. To rotate the platform around the ortho-axis, the clutch is
disengaged and the motor turns only the inner shaft. The motor rotates counter-clockwise
(CCW) to produce clockwise platform rotation around the ortho-axis. The motor base also
contains control circuits and relays which control the motor and the clutch solenoid, position
encoders which sense and indicate the positions of the two axes of the manipulator, and power
supplies to run the control circuits and encoders.

Model 5390 Controller

The EMCO Model 5390 Controller is designed specifically to control the Boss Manipulator. It
permits both manual and computer control of the manipulator, providing both automated and
manual EMI emissions and immunity testing of EUTs. The front panel of the Model 5390, shown



Figure 3. Picture of Manipulator Motor Base.

in Figure 4, contains a 240 x 64-dot, back-lighted, graphic liquid crystal display (LCD), a numeric
keypad, and a multi-purpose positioner knob or cursor device. The LCD displays device
parameters and operational information, the numeric keypad is used for entering or altering device
parameters and invoking functions, and the positioner knob/cursor device is used for stepping
through menu items and manuaily positioning the axes of the manipulator.
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Figure 4. Front Panel of the Model S390 Boss Manipulator Controller

The Device Interface Port connector located on the rear panel of the Model 5390 provides the
connection to the manipulator. The control cable connects to the Device Interface Port of the
controller at one end and the motor base at the other end. '

Control of the manipulator may be accomplished either in the local mode through direct
interaction with the front panel controls, or in the remote mode via the IEEE Std 488.1-1987
general purpose interface bus (GPIB) [4]. The Model 5390 is connected to the GPIB through the
24-pin "D" connector located on the rear panel. In the remote mode of operation, the required



GPIB instruction set from IEEE Std 488.2-1992 [4] and a full Boss Manipulator (device-unique)
instruction set are available in the firmware. These are described in other sections of this manual.

Hand-Held Control Unit

The Hand-Held Control Unit gives the operator local control of the manipulator at the GTEM!
during test setup. With it, the operator can move either or both axes of the manipulator to see
that the EUT is securely mounted in the manipulator and that it has adequate clearances from the
other parts of the GTEM!, particularly the septum and the absorbers. The Hand-Held Control
Unit is mounted on a comfortable handle with a small panel containing four control switches. The
switches are "rocker” type switches which can be operated by the operator's thumb. It is shown
in Figure 5. Using the switches the operator can select the hand-held unit or the main controller,
the axis to rotate and the direction to rotate it. The Control switch must be in the "MAIN"
position when the hand-held unit is not being used. The Hand-Held Control Unit has an integral
cable which connects to the motor base of the manipulator so that it is easy to use near the
GTEM!

Figure S. Picture of Hand-Held Control Unit.

SPECIFICATIONS

The specifications of the Boss Manipulator and its components are shown in the following tables.
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Table ¥

Boss Manipulator Specifications

Electrical
Voltage 230V, AC Frequency 50 - 60 Hz, 1-phase
(Set at Factory) Current 10A@115Vor5A@230V
Cir Bkr 20 A, 2-pole Ctrl Cir Fuse 2 A Fast
Electr's Fuse 0.4 A Fast Azmth Brake 2 A Slow, 2 ea
Environmental
Operating Temp. 0°C-40°C Rel. Humidity £90% non-condensing
Shock & Vib.!  EIA RS-414-A [5]
Note ILimit shock and vibration to values less than those found in RS-414-A.
Mechanical
Motor Speed 1 RPM
Air Pressure Setting 100 PSI (To Manipulator Brakes)
Platform Apparatus: Model 5317 Boss Model 5311 Boss
Length 1.7m 1.05m
Width 1.7m 1.05m
Height 13m 0.8 m
Weight (Including platform) 100 kg 64 kg
Octagonal Platform:
Width (across flats) 0.9m 0.55m
Thickness 20 mm 20 mm
Weight (Included above) 8kg 5kg
Maximum Payload:
Diameter 0.9m 0.55m
Height 0.7m 0.42 m
Weight 50kg 50 kg
Table II
Model 5390 Controller Specifications
Electrical Mechanical
Voltage 90-250 Vs AC Height 133 mm
Frequency 50 - 400 Hz, 1-phase (EIA 5.25-in.)
Max Power Req. <90 VA Width x Depth 438 mm x 381 mm
Fuse 2 A, 250V, Time Delay Weight 4.5 kg
Max Leakage (Ea Line to Gnd): Environmental
250 V, 50 Hz: 1.25 mA; Operating Temp. 0°C-40°C
120V, 60 Hz: 1.00 mA Humidity, Rel. <90%, non-condens'g.
EMI Filter Corcom 3EQS or equal Shock & Vib.2 EIA RS-414-A [5]
Control Cables 18 Pr Shielded, 10 m Lg Notes:
Belden 8118 or equall 1. Max control cable length, 50 m.
Device Connectors ~ 32-pin MS-38999 2. Limit shock and vibration to values
GPIB Connector 24-pin "D"-Type less than those found in RS-414-A.




Table I
Hand-Held Control Unit Specifications

Electrical Mechanical

Voltage 5V Height (Incl. handle) 203 mm

Frequency DC Width 114 mm

Control Cable 6m Depth 89 mm

Device Connector  6-pin MIL-C-5015 Weight (Incl. case) 6.6 kg
Environmental Note

Operating Temp. 0°C-40°C !Limit shock & vibration to values less than
Rel. Humidity <90% non-condensing those found in EIA RS-414-A.

Shock & Vibration! EIA RS-414-A [5]

UNPACKING AND ASSEMBLY INSTRUCTIONS

Installation of the Boss Manipulator requires some disassembly and modification of the GTEM!.
Please leave all unpacking and assembly to the EMCO installer. Upon receiving the equipment,
inspect the crates and packages containing the components of the Boss Manipulator for damage
and report any damage found to the delivering shipper. Please place the crates and packages in
the same room with the GTEM!, or in a room as near to it as possible, to await the arrival of the
EMCO installer.

PREPARATION FOR USE
Power and Grounding Requirements

The Boss Manipulator motor base will accept AC power which is nominally 115 V or 230 V, 50-
60 Hz, single phase. The voltage for the motor base must be set to the correct value at the
factory before shipment. The brake solenoids appropriate for the voltage that will be used must
be installed in the motor base prior to shipment and different interconnecting plugs for the other
components in the motor base must be used for different voitages. Factory settings of operating
voltage are shown on the label on the motor base.

CAUTION _
Operation of a manipulator motor base set up for 115 V on 230 V may cause
extensive damage to the components of the motor base. Operation of a
manipulator motor base set up for 230 V on 115 V may damage the motor. If
in doubt, call the factory at +1-512-835-4684 to verify which operating
voltigiis correct.

The Model 5390 Controller accepts any AC power source input within the range of 90 to 250 V,
50 to 400 Hz. No voltage selection is required.



WARNING
Before switching on this equipment, the protective earth terminals of this

equipment must be connected to the protective conductor of the power
system. The power cords shall only be connected to socket outlets provided
with a protective earth contact. This protective action must not be defeated
through the use of an extension cord without a protective earth conductor.

For the application of AC power, two three-conductor power cables are shipped with the
manipulator. Connecting these cables to an appropriate AC power source causes both the motor
base and the controller chassis to be connected to earth ground. There are also ground
conductors in the control cable which connect the motor base and controller grounds together.

CAUTION
The protective earth terminal of both power cables must be connected to the
same protective ground (earth) conductor in the AC power source and it
must be the same one that is connected to the chassis of the GTEM!.

Motor Base, Model 5390 Controller and
Hand-Held Control Unit Connections

Connection between the Model 5390 Controller and the Boss Manipulator motor base is
accomplished by means of one multi-conductor cable. The standard length of this cable is 10 m,
but lengths up to 50 m may be used. The cable terminates in circular bayonet-style connectors
which are identical at both ends. The cable is symmetrical so that either end may be connected to
the Model 5390. When connecting the control cable to either the motor base or the Model 5390
Device Interface Port connector, observe the keying of both the cable and panel connectors and
align them properly during insertion to prevent possible damage to the connector shell. Also,
excessive lengths of cabling (more than 1.8 metres) should not be allowed to hang freely from the
rear panel of the Model 5390, as this will place excessive mechanical stress on the connector and
the panel.

If either end of the control cable is not connected or if the required AC power is not present at the
motor base when the Model 5390 power is turned on, the Parameter Display screen will show a
two-line error message instead of the Main Menu. See Appendix A at the back of this manual for
an explanation of these error messages. To eliminate the error message and get the Main Menu,
place the power switch OFF, make sure both ends of the control cable are connected to the
equipment and that there is AC power connected to the motor base, and then place the power
switch ON.

CAUTION
Always turn off the AC power to the Model 5390 when connecting or
disconnecting the control or GPIB cables.




GPIB Interconnections

The Model 5390 is compatible with the General Purpose Interface Bus (GPIB) and its command
sets as described in IEEE Std 488.1 [3] and IEEE Std 488.2 [4]. A 24-pin "D"-Type connector
located on the rear panel of the instrument provides for connection to the GPIB. When making
this connection, avoid stacking more than three cables on the connector as this may cause
excessive stress on the connector and the rear panel of the instrument. Be sure to tighten the two
connector lock screws finger tight to avoid intermittent connection during operation.

The talker/listener bus address of the Model 5390 may be set through the front panel controls.
Instructions on how to perform this operation may be found in the section of this manual entitled
"Setup Menu." Instructions for programming of the GPIB interface of the instrument may bhe
found in the section of this manual entitled "Programming Model 5390 for Remote Operation."

The Hand-Held Control Unit control cable connector plugs into a mating connector on the panel
of the motor base near the device interface port (main control cable) connector. Be sure the
control switch on the hand-held unit is set to "Main" before connecting its cable to the motor
base. '

Model 5390 Controller Rack Mounting

The Model 5390 may be ordered with a Rack-Mount Option. This option may be either factory
or field installed. This option provides capability for installing the instrument in a universal EIA
19-inch rack or cabinet. The instrument requires 5.25 inches, approximately 133 mm, of rack
height (three standard rack height units). When installing the Rack-Mount Option, the feet must
be removed from the Model 5390 cabinet and the rack-mounting ears must be installed on the
sides of the cabinet at the front. The following steps describe this installation:

1. Remove and save the four screws nearest the front panel on each side of
the Model 5390 cabinet;
2. Place the rack-mounting brackets included in the rack mount option at each

side of the cabinet with the rack ears at the front and pointing outward, and
align the four holes in the brackets with those in the side of the cabinet:

3. Use the four screws from Step 1 to fasten the rack-mounting brackets to
the sides of the cabinet;
4, Turn the cabinet upside down and remove the four feet, one screw holds

each foot (save these for possible reuse later).

OPERATION

The Boss Manipulator is easy to operate under control of the Model 5390 controller. It will place
the EUT in all of the positions which are required for GTEM! measurements. GTEM!
measurements are based on theory developed over the past several years. Measurement theory is
given in The GTEM! manual [6], pages 22 - 37 and Appendix A, and reports which have been



made by EMCO and others [7, 8, 9, 10, 11]. The essence of GTEM! theory is distilled in the
following sections of this manual to help the operator use the manipulator.

Theory of Operation

Measurements in a GTEM!. A GTEM! may either receive or transmit; thus electromagnetic
interference (EMI) measurements in a GTEM! may be of either emissions or immunity. Among
emissions measurements are far-field, near-field, and some special measurements. To predict the
performance of the EUT during measurements of its emissions on an open-area test site (OATS),
its emissions must be measured in a specific set of positions in the GTEM!. Predicting EUT
performance on an OATS by making measurements in a GTEM! is also called "correlation,” and
the mathematical process is often called the "correlation algorithm."

Simplified Far-Field Measurements may be made of an EUT in a GTEM! to predict or
correlate its OATS-measured emissions [6, 7, 8]. These measurements are usually made to show
compliance to standards, e.g., CISPR 22 or FCC Part 15, in which it is only necessary to know
the maximum E-Field versus frequency within a specified range of heights at a certain distance.
For example, FCC tests for home computers search heights from one to four metres above the
ground at a distance of three metres over the frequency range of 30 MHz to 5 GHz. These
simplified measurements require emissions to be measured with the EUT in only three orthogonal
positions. This is called the 3-measurement, 3-input correlation algorithm. The main simplifying
assumption in this algorithm is that the EUT has gain no greater than a dipole, i.e., a dipoie
radiation pattern.

Near-Field Measurements may be made of an EUT in a GTEM! to correlate its emissions
over the frequency range of 9 kHz to 30 MHz [9]. This is called the 9-measurement, 9-input
correlation algorithm, and requires measurement of emissions with the EUT in nine positions.
The EUT is assumed to be much smaller than a wavelength in its largest dimension; a reasonable
assumption below 30 MHz for EUTs that will fit into a GTEM!. While this algorithm was
originally intended for near-field measurements below 30 MHz, it also works well for far-field
measurements above 30 MHz. It is valid from 9 kHz to 5 GHz.

Special Measurements are sometimes required because the EUT may have gain greater
than a dipole [10], and thus may have a cardioid or other unidirectional pattern. Above about 500
MHz, some EUTs may have an incidental unidirectional pattern because of the way they are
constructed, but others have a unidirectional pattern because they are intentional transmitters with
an antenna built in. There are two algorithms which may be used, depending on what one wants
to know about the EUT. The simplest one is the 12-measurement, sorted 3-input correlation
algorithm, and the other one is the 12+4-position correlation algorithm. In both of these
algorithms, the EUT is viewed as a cube and measurements are taken of the emission from each of
its faces in both polarizations.

The 12-measurement, sorted 3-input correlation is used when it is not necessary to know anything
about the shape of the radiation pattern of the EUT. It is often used to test small Telecom
Terminal Equipment, such as cellular telephones, up to 10 GHz. It is valid from 30 MHz to at
least 10 GHz.
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The 12+4-position correlation algorithm is used when one needs to estimate the shape of the
radiation pattern of the EUT. It is valid from 30 MHz to 5 GHz.

Immunity Measurements may be made in the GTEM! {7, 11] to satisfy standards such as
MIL-STD-462 or IEC 1000-4-3. If the operator does not know the shape of the radiation
(sensitivity) pattern of the EUT, then its front, back, and both sides must all be exposed to the test
signal in both horizontal and vertical polarizations. To do this, eight positions must be tested so
that the four usually vertical sides of the EUT are tested in both polarizations facing the apex of
the GTEM!. If the operator already knows that only one side, e.g., the back, of the EUT is
sensitive to external electromagnetic fields, then the testing can be reduced to exposing only its
one sensitive side to the apex of the GTEM! in both polarizations.

Installing the EUT. For the purposes of this discussion, consider the EUT as a cube. We will
identify the sides of the EUT as faces of the cube and establish a set of Cartesian axes for it. Then
we can show how to set it on the manipulator platform.

Naming the EUT Faces. Figure 6 shows a three-dimensional Cartesian axis system with a
cube centered on it. The face from which a positive axis emerges is named for that axis, i.e., "+X"
is the face of the cube from which the positive X-axis emerges. Name the front of the EUT
"-Z" and the back "+Z". Looking at the "+Z" face (the back), name the right-hand side "+X" and
the left-hand side "-X". Name the top "+Y" and the bottom "-Y".

+Y
+Y Face
(Top)
+X Face
+Z Face N\
(Back) - 7 *X

/
/

+Z
Figure 6. EUT as a Cube on Cartesian Axes
Showing Names of Faces.

This is the coordinate system for the EUT. Note that the three orthogonal positions of the EUT
exchange the EUT coordinates relative to the GTEM! coordinates. The first position is identified
as XYZ, the second as YZX, and the third as ZXY; and the voltages measured at the apex of the
GTEM! in the three positions are called Vxyz, Vyzx, and V,xy.
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EUT Face Directions on Platform. Figure 7 shows how the EUT is set on the manipulator
platform so that the positions of the EUT coincide properly with the axis positions tabulated in
Tables IV, V, and VI

EUT

EUT +X

GTEM! +Z Axis&——
(To apex of GTEM!)

GTEM! +Y Axis

®

(Not to scale) GTEM! +X Axis

EUT +Z

Figure 7. Position of EUT on Manipulator During Loading
Showing Directions of EUT Faces and Axes.

EUT Positions. To make control of the manipulator easier during all the different kinds of tests,
the Model 5390 controller provides 12 preset positions and other positions which the operator
can control. The emissions tests all require sets of positions which are built on the basic three
orthogonal positions needed by the 3-measurement, 3-input correlation. The immunity tests
require positions based on the test standard; these are not necessarily extensions of the basic set of
three orthogonal positions.

The Twelve Preset Positions are listed in Table IV below. The positions are in degrees
from the zero position of each axis; "+" is clockwise and "-" is counter-clockwise. "Az." stands
for azimuth and "Or." for orthogonal. These 12 preset positions are pictured in Figures C-1
through C-12 in Appendix C.

Table IV
Preset Positions for the Boss Manipulator
Pos. Az. Or. Pos. Az. Or.  Pos. Az. Or
P1 45 -120 P2 45 0 P3 45  +120
P4 135 +120 PS 135 0 P6 135 -120
P7 225 -120 P8 225 0 P9 225  +120
P10 315 +120 P11 315 0 P12 315 -120

These 12 preset positions are arranged so that there is a position in which each of the six sides of
the EUT faces the apex of the GTEM! in each polarization, vertical and horizontal. They are also
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arranged in four sets of three orthogonal positions; each row in Table IV is a set of three
orthogonal positions.

Sets of Positions Needed. For the 3-measurement, 3-input correlation, use any set of
three orthogonal positions. But the best positions to use are P4, P5 and P6, or P7, P8 and P9,
because there is less manipulator mass between the EUT and the apex of the cell.

For the 9-measurement, 9-input correlation, use any set of three orthogonal positions and make
six more by rotating the azimuth +45° for each ortho-axis setting. For example, select P10, P11
and P12 as the basic set, then after measuring the EUT in position P10, rotate the azimuth first to
270° (315-45) and make a measurement, then rotate the azimuth to 360° (315+45) and make a
measurement. The nine positions which are developed around the basic P10, P11 and P12 set are
shown in Table V. Similar sets of nine positions can be constructed from other basic three-
position sets.

Table V
Example Positions for 9-Measurement, 9-Input Correlation
Pos. Az. Or. Pos. Az. Or. Pos. Az. Or
P10-45 270 +120 P1145 270 0 P12-45 270 -120
P10 315 +120 P11 315 0 P12 315 -120
P10+45 360 +120 P11+45 360 0 P12+45 360 -120 |

For the 12-measurement, sorted 3-input correlation, and for the 12+4 position correlation, use all
12 of the preset positions. The results of using all 12 positions are measurements of all six faces
in two polarizations. Select the face with the highest measured emissions level. This may be a
different face at different frequencies. Define this face as +X in orientation XYZ and select two
more faces such that three orthogonal positions YZX and ZXY are satisfied. For example, if the
strongest emissions were measured in position PS5, then from Table IV the other two positions
would be P4 and P6.

1. For the 12-measurement, sorted 3-input correlation, the data already measured in
the three positions described above, e.g., PS, P4 and P6, are then input to the 3-
measurement, 3-input correlation. This correlation, which eliminates the assumption of
gain no greater than a dipole, can be used to do tests in which the EUT is replaced by a
dipole on the OATS and the limit levels are in terms of the power at the dipole terminals
needed to produce the same emission level measured from the EUT. This correlation is
discussed in more detail in [10] and [13] (see Appendix B).

2. For the 12+4 position correlation, select four additional measurement positions
that are +45° to the position of highest emissions, and measure the EUT emissions in these
positions. For example, if the strongest emissions in the first 12 measurements were
measured in position P5, then the other four positions would be (Az., Or., respectively)
90°, 0°; 180°, 0°;, 180°, -120°; and, 270°, -120°. These could also be stated as PS5 +45°
azimuth and P7 +45° azimuth. Use these data to estimate the directivity, and thus the
gain, of the EUT. Then use the previously measured data at P5, P4 and P6, and the
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estimated gain as inputs to the 3-measurement, 3-input correlation. See [10] and [13]
(Appendix B) for a more detailed discussion of this correlation.

For EMI immunity measurement, eight of the preset positions will provide tests of all four sides in
both polarizations. These positions are shown in Table V1. In the table, the test face is the side of
the EUT facing the apex of the GTEMY!; identifying test faces of the EUT and installing it on the
manipulator are described below. If it is necessary to test the top and bottom too, use all 12
preset positions.

Table VI
Preset Positions Used in Immunity Tests

Test Pol. Preset Az. Or. Test Pol. Preset Az. Or. |
Face Pos. Face Pos.

+Z A" P5 135 0 +X v P8 225 0

+Z H P7 225 -120 +X H P4 135 +120

-Z A" P11 315 0 -X A% P2 45 0

-Z H P1 45 -120 -X H P10 315 +120

The operator should study the immunity test standard that applies to the EUT, e.g., IEC 1000-4-
3, before attempting to make immunity measurements.

Zero Position. This position may be set by the operator using the Setup Menu of the
Model 5390 controller. The recommended settings for the Zero position are 0° for both axes. It
is important that the proper zero positions be established before trying to make measurements
using the manipulator. The EMCO installer will have set the zero positions of both axes during
installation, but check them before making measurements. If the Zero position is not as depicted
in Figure 8, use the Hand-Held Control Unit (discussed. below) to move the axes to these
positions and then Set Zero using the Setup Menu of the Model 5390 controller.

(Not to scale)

Normal Door

Figure 8. Plan View of GTEM! With Manipulator
Showing GTEM! Axes and Manipulator in Zero Position
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When Zero is properly set, the azimuth axis should rotate CCW to the mechanical stop at —5° and
CW to the mechanical stop at +365°; and starting with the platform level, the ortho-axis should
rotate CCW to the mechanical stop at —125° and CW to the mechanical stop at +125°.

Load Position. This position may also be set by the operator using the Model 5390
controller. The recommended settings for the Load position are 0° for both axes. These are the
Factory default settings. Alternate settings which may be used for the Load position are 315° for
the azimuth axis and 0° for the ortho-axis. This position will allow loading the EUT with its front
facing the apex of the cell.

Factory Default Limits. The factory default limits are based on the Zero position being as
described above. Both the azimuth and orthogonal axes must be at 0° when the platform is level,
the frame of the platform apparatus is aligned with the longitudinal axis (Z-axis) of the GTEM!,
and the tall frame post is next to the RF absorbers at the back of the cell. This is depicted in
Figure 8. The default limits and the mechanical limits of rotation are —5° (CCW) and +365° (CW)
on the azimuth axis and —125° (CCW) and +125° (CW) on the ortho-axis.

Impact of Manipulator on Measurements

Whenever materials which have permittivity (€) or permeability (i) greater than air (or vacuum)
are placed in an electromagnetic field, the field will be perturbed. The amount the field is
perturbed depends on the amount of material, the magnitude of its € or p relative to air, and
where the material is located in the field. For example, a small amount of high-¢ material located
in a region of high E-Field will perturb the field much more than if it were located in a region of
low E-Field, and a small amount of high-u material located in a region of high H-Field will
perturb the field much more than if it were located in a region of low H-Field. Except for the
drive shaft which penetrates the GTEM floor, the manipulator is made of dielectric material. It
would be desirable if the permittivity of the material were nearly unity, eg., € ~ 1.06 for
Styrofoam™. Foamed plastics have low values of £ because there is much more air than plastic in
them. This condition can be approached with other dielectric materials by cutting material away
and boring holes in it as much as its needed strength can tolerate. This has been done with the
manipulator. The small amount of steel in the manipulator drive shafts which penetrate the
GTEM floor is located in a region of low H-Field, thus its contribution to perturbing the field is
small.

Osburn, et. al. [2], (see Appendix B) performed a series of experiments to determine how much
the manipulator affected the measurements of emissions made in the GTEM. The results of these
experiments showed that the average difference between measurements of an EUT with and
without the manipulator was 0.18 dB with a standard deviation of 0.58 dB. The average
measured E-Field data are shown in Figure 9 and the differences in Figure 10. These were
emissions measurements, but by reciprocity, EMI immunity measurements should be affected the
same amount.
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Figure 10. E-Field Differences With and Without Manipulator

Accommodating Large EUTs

An EUT which is too large or too heavy for the manipulator may be tested in the GTEM! if the
platform apparatus is first removed. Removal of the platform apparatus will leave the phenolic
guide-ring or bearing and a short length of the concentric shaft (including the azimuth drive yoke)
from the motor base protruding above the floor of the GTEM!. Do not remove these parts or the
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motor base, instead protect the guide-ring, shaft, and yoke by filling in the spaces around and
between them and covering them with soft or frangible dielectric materials of low permittivity.

WARNING

Get help! The platform apparatus is heavy! The Model 5317 Boss weighs
100 kg (>220 1b.) and the Model 5311 Boss weighs 64 kg (>140 1b.).

To avoid directional calibration problems, the platform apparatus must be reinstalled so that the

axes have the same positions relative to the motor base shafts as when it was removed.

1.

Controllers

Model 5390. The Model 5390 is a menu-driven instrument which has two modes of operation,
local and remote, that are described below. There are three menus, two in the local mode and one

Set both axes of the manipulator to their zero positions. Information on
how to do this is contained in the section entitled, "Model 5390 Local
Mode," below.

Note
From this point on, be sure that neither axis is rotated. Both the
platform apparatus and the motor base must remain at zero until
after the platform apparatus is reinstalled.

Disconnect power from the motor base and turn off the Model 5390.

Remove the EUT platform and its height adjustment brackets. (This
removes seven to ten kilograms from the total weight.)

Carefully lift the platform apparatus up until it clears the shaft and move it
towards the door of the GTEM!. It will have to be lifted approximately
10 cm to clear the shaft.

After the platform apparatus is clear of the shaft, move the apex end of it
towards the GTEM! door, being careful not to rotate the orthogonal axis.

Move the platform apparatus to the door, lift it carefully over the threshold
of the door jam, and move it out of the GTEM!

Store it in an area where it will be protected from damage and rotation of
the orthogonal axis.

To reinstall the platform apparatus, reverse the above steps. The end of
the frame with the tall post must go into the GTEM! first and be placed
next to the Absorbers. When setting the platform apparatus in place, be
sure that the azimuth yoke lugs fit correctly into the frame slots.
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in the remote mode. The Setup Menu and the Main Menu are available in the local mode, and the
Remote Menu is displayed in the remote mode. The Main Menu is displayed at power on.

Using the Model 5390, the operator has complete control over both axes of the manipulator and
thus the orientation or positioning of the EUT. The EUT Platform moves or rotates around the
ortho-axis and the frame of the platform apparatus moves or rotates around the azimuth axis.
Each one is controlled independently by the Model 5390. The operator may position the
manipulator manually using the local mode, or under program control using the remote mode.

In the local mode, the operator may manuaily bring the two axes of the manipulator to their zero
positions, their load positions, twelve preset positions, or any other desired positions within their
travel ranges by using the parameters and commands available in the Main Menu. For example. to
test a device for compliance with Part 15 of the FCC Rules and Regulations, the operator can st
the manipulator axes (the frame and platform) in their load positions to make it easy to install the
EUT. Once the EUT is installed and operating properly, the operator may choose to perform the
testing either automatically under remote program control or under local, manual control. Usually
it is faster and more efficient to do the tests under computer control using test controlling
software, but there may be circumstances in which the operator wants to have manual control
over the tests. In this event, the operator can position the manipulator to each of three orthogonal
positions to take the three sets of orthogonal data, or to some other position for a unique or
special test. All of the parameters and functions needed to position the manipulator, and thus the
EUT, are discussed in the paragraphs under Local Mode below.

In the remote mode, the controlling computer can position the manipulator frame and EUT
platform as necessary to do any of the tests. The EMCO GTEM! Evaluation and Test Software
(GETS!™)? is designed to provide all of the manipulator positioning needed by the test algorithm
being used. Here, the operator's entire interaction is with the controlling computer, its display,
and the Remote Screen displayed by the Model 5390. While GETS! will do everything, there may
be times when the operator wants to write a special controlling program. In this event, he or she
should refer to the commands and examples in Tables VII through XIII and other information in
Remote Mode below.

Hand-Held Control Unit. The Hand-Held Control Unit is a convenient controller for the
operator to use during test setup. It plugs into the motor base so that it is easy to use at the
GTEM!, and it gives the operator the ability to move both axes of the manipulator. It is a simple
control unit with only four switches as shown in Figure 5. The left-most switch transfers control
from the Model 5390 (MAIN) to the Hand-Held unit (HAND). This switch must be in the MAIN
position to enable the Model 5390 to control the manipulator. It should also be in that position
while the operator connects it to the motor base. The right-most switch selects the axis to
control, the choices being orthogonal (OR) and azimuth (AZ). The two switches in the middle
cause the selected axis to be moved or rotated clockwise (CW) or counter-clockwise (CCW).

2GETS! is a registered trade mark of the Electro-Mechanics Company.
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Model 5390 Local Mode

In the local mode of operation, either the Main Menu or the Setup Menu is presented on the
Parameter Display, shown in Figure 3, which displays the operational parameters that may be
altered and functions that may be invoked. The Main Menu is always displayed first after the
power is turned on. The displayed menu, the operational parameters, and the functions may be
selected and changed or invoked using the Cursor Device, also called the Cursor Knob, and the
Data Entry (numeric) Keypad, also called the Keypad.

A parameter must be selected before it may be aitered, and similarly a function must be selected
before it may be invoked. The currently selected parameter or function is high-lighted, that is,
displayed in reverse video (light characters on a dark background). The selection is changed by
rotating the Cursor Device (Knob). Rotating the Cursor Knob clockwise will sequentially select
menu items in a forward (left to right and top to bottom) direction, while rotating the Cursor
Knob counter-clockwise reverses the order of selection of menu items. The cursor wraps around
the menu so that it will repeatedly go through the menu in either direction if the Cursor Knob is
continuously rotated in either direction. It is usually quicker to rotate the Cursor Knob towards
the menu item in the shortest direction, e.g., if the desired item is ZERO and the currently selected
item is P2, rotate the Cursor Knob counter-clockwise. Changing menus, entering new parameter
values, or invoking functions is accomplished by using the (Data Entry) Keypad.

To change parameter values, rotate the Cursor Knob either direction until the desired parameter is
selected (high-lighted). If the selected menu item is an operational parameter, the Keypad will be
open for numeric entry. As each key is pressed, the corresponding digit will be pushed from right
to left into the selected parameter value on the display.

-To invoke functions, rotate the Cursor Knob to select (high-light) the desired function. The key
on the Keypad which will invoke the function, usually the ENTER key, will then be illuminated.
Press this key and the selected function will be performed until the key is again pressed.

Main Menu. The main menu layout is shown in Figure 11. It shows all of the Functions which
may be invoked and Parameters whose values may be altered during manual operation of the
manipulator. The parameters which may be altered are Azimuth Target (AZ TARG) and
Orthogonal Target (OR TARG). The values in them are stored in non-volatile memory so that
they are remembered until altered, even during loss of AC power to the instrument. The
arguments for these two positional parameters must be within the range of +999; they must also
be within the limiting values of these parameters that were programmed in the Setup Menu.

The Main Menu is displayed first when the power is turned on unless the manipulator motor base
is not connected to the controller or does not have power. If there is a connection problem or a
motor base power problem, a two-line error message will be displayed instead of the Main Menu.
See Appendix A for an explanation of these error messages, and "Motor Base, Controller and
Hand-Held Control Unit Connections" on page 8 for the action to take in this event.

There are 12 preset positions which are stored in read-only memory (ROM) that the operator
cannot alter but may select from this menu. They are numbered P1 - P12. The LOAD and ZERO
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functions may be invoked in this menu but may be altered only in the Setup Menu. AZ SEEK and
OR SEEK are the azimuth and orthogonal seek functions which may be invoked in this menu. AZ
TARG and OR TARG, the target parameters for AZ SEEK and OR SEEK, may be set in this
menu. The MANUAL AZ/OR function may be invoked in this menu, placing control of the
azimuth or orthogonal axes (the frame and platform, respectively) of the manipulator under
control of the Positioner Knob (also known as the Cursor Knob). Finally, the Current Position
(CUR POS) area of this menu shows the positions of the two manipulator axes while they are
moving and after they cease to move.

P1 P2 P3 AZ TARG= +000.0 AZ SEEK
P4 P5 P6 OR TARG= +000.0 OR SEEK

P7 P8 P9 MANUAL - AZ/OR
P10 P11 P12
AZ= +000.0
LOAD CURPOS_ OR= +000.0 ZERO

Figure 11. Main Menu Layout

The Twelve Preset Positions are listed below. Table IV is repeated here for the operator's
convenience. The positions are in degrees CW ("+") and CCW ("-") from the zero positions.
"Az." is "azimuth" and "Or." is "orthogonal."

Pos. Az Or. Pos. Az, Or. Pos. Az, Or.
P1 45 -120 P2 45 0o P3 45 .+120
P4 135 +120 P5 135 0 P6 135 -120.
P7 225 -120 P8 225 0 P9 225 +120
P10 315 +120 P11 315 0 P12 315 -120

When one of these positions is selected with the Cursor Knob, it may be invoked by
pressing the illuminated ENTER key on the Keypad. The ENTER key will remain illuminated
during the motion of the azimuth axis (which always moves first) indicating that the ENTER key
is still active. The ENTER key may be pressed again to stop the azimuth motion and yet again to
restart it. However, during the motion of the ortho-axis (which only moves after the azimuth is at
its preset position), the ENTER key will not be illuminated, but it is still active. Pressing it will
stop the motion of the ortho-axis and pressing it again will commence the motion of the ortho-
axis again. It will now remain lighted.

The LOAD function causes the manipulator axes to move to the azimuth and orthogonal
positions defined in the Setup Menu. Select the function with the Cursor Knob. The ENTER key
on the Keypad will then be illuminated. Press the ENTER key to invoke the function. The
ENTER key will remain illuminated, indicating that it is still active. Pressing it while either
manipulator axis is in motion will cause motion to cease. Pressing the ENTER key again will
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cause motion to begin again. During the motion, the Cursor Knob will no longer affect the
Cursor. This is a safety feature to insure that movement of the manipulator may be stopped
quickly if desired. When the manipulator axes reach their respective preset positions, the alarm
will beep four times.

The AZ TARG= (azimuth target) parameter is the desired position of the azimuth axis.
This parameter is used in conjunction with the AZ SEEK function to move the manipulator to a
new azimuth. Select the parameter with the Cursor Knob and key in the new desired value using
the Keypad. As the keys are pressed, the corresponding digits will be pushed from right to left
into the parameter display. If the azimuth target is set lower than —5 or higher than +365, no
motion will occur when the AZ SEEK function is invoked.

The AZ SEEK (azimuth seek) function causes the manipulator azimuth axis to rotate o
the position shown in the AZ TARG= parameter. Select the function with the Cursor Knob. The
ENTER key on the Keypad will then be illuminated. Press the ENTER key to invoke the
function. The ENTER key will remain illuminated, indicating that it is still active. Pressing it
before the axis reaches the target azimuth will cause it to cease rotation. Pressing the ENTER
key again will cause the axis to again commence rotation. During manipulator motion, the Cursor
Knob will no longer affect the Cursor. This is a safety feature to insure that motion of the
manipulator may be stopped quickly if desired. When the axis reaches the target azimuth, the
alarm will beep twice.

The OR TARG= (orthogonal target) parameter is the desired position of the ortho-axis.
This parameter is used in conjunction with the OR SEEK function to move the ortho-axis to a
new position. Select the parameter with the Cursor Knob and key in the new desired value using
the Keypad. As the keys are pressed, the corresponding digits will be pushed from right to left
into the parameter display. If the orthogonal target is set lower than —125 or hxgher than +125,
no motion will occur when the OR SEEK function is invoked.

The OR SEEK (orthogonal seek) function causes the ortho-axis to rotate to the position
shown in the OR TARG= parameter. Select the function with the Cursor Knob. The ENTER
key on the Keypad will then be illuminated. Press the ENTER key to invoke the function. The
ENTER key will remain illuminated, indicating that it is still active. Pressing it before the ortho-
axis reaches the target position will cause it to cease rotation. Pressing the ENTER key again will
cause the ortho-axis to again commence rotation. During ortho-axis motion, the Cursor Knob
will no longer affect the Cursor. This is a safety feature to insure that rotation of the manipulator
may be stopped quickly if desired. When the ortho-ams reaches the target orientation, the alarm
will beep twice.

The MANUAL-AZ/OR function allows the operator to directly control the movement of
the manipulator by means of the Positioner Knob (also known as the Cursor Knob). It is a dual
function that transfers control of either the azimuth axis or the ortho-axis orientation to the
Positioner Knob When one of these parameters is selected, the ENTER key on the Keypad will
be illuminated. Pressing the ENTER key will then place the Positioner Knob in control of the
parameter. The ENTER key will remain illuminated, and when pressed again will remove control
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of the selected parameter from the Positioner Knob; then the Knob again becomes the Cursor
Knob, controlling the position of the Cursor.

When this function is invoked, rotating the Positioner Knob does not directly control the
position of the selected axis. Rather, rotating the Knob fills a buffer which empties as the
selected axis rotates. [t may thus be noticeable that the selected axis continues to rotate for a
short time after the operator ceases to rotate the Knob.

1. To manually control the azimuth of the manipulator, select "AZ" with the Cursor
Knob and press the ENTER key on the Keypad. The Knob is now the Positioner Knob
and controls the position of the azimuth axis of the manipulator. Rotating the Positioner
Knob clockwise causes the azimuth axis to rotate clockwise, and rotating the Positioner
Knob counter-clockwise causes the azimuth axis to rotate counter-clockwise. To
relinquish manual control of the azimuth axis, press the ENTER key again.

2. To manually control the position of the ortho-axis, select "OR" with the Cursor
Knob and press the ENTER key on the Keypad. The Knob is now the Positioner Knob
and controls the position of the ortho-axis. Rotating the Positioner Knob clockwise
causes the ortho-axis to rotate towards larger angles (clockwise), and rotating the
Positioner Knob counter-clockwise causes the ortho-axis to rotate towards smaller angles
(counter-clockwise). To relinquish manual control of the ortho-axis, press the ENTER
key again.

The ZERO function causes the manipulator to perform the following movements in both
axes, starting with the ortho-axis and ending with the azimuth-axis. First, the axis will move
CCW until it reaches its hard or mechanical limit. Then, it will move CW until it reaches the
physical zero position of the encoder. Finally, it will return to logical zero. When both azimuth
and orientation motions have been completed, there will be four beeps to indicate that the
function has been completed, if the Alarm is on. Select the function with the Cursor Knob. The
ENTER key on the Keypad will then be illuminated. Press the ENTER key to invoke the
function. The ENTER key will remain illuminated, indicating that it is still active. Pressing it
during the motions will cause the motions to stop. Pressing the ENTER key again will restart the
motions. During the motions, the Cursor Knob will no longer affect the Cursor. This is a safety
feature to insure that motion may be stopped quickly if desired. When both axes reach their
preset zero positions, the alarm will beep four times.

Setup Menu. The Setup Menu contains parameters that will either directly affect the user
interface of the instrument or will globally apply to each axis of the manipulator.The Setup Menu
is entered and exited by simultaneously pressing the two keys on the Keypad labeled "SETUP"
(the "1" and "3" keys). This menu is illustrated in Figure 12 which shows the preset limits for
both the azimuth (+AZ) and the orthogonal (+OR) axes, the CURSOR RATE, the GPIB address
(LISTEN ADDR), and controls for the panel light (PANEL-LIGHT), the alarm (ALARM), load
(SET LOAD) and zero (SET ZERO) positions. The modification of each of these parameters is
detailed individually below. All modified settings are stored in non-volatile memory so they will
be remembered until they are again changed, even through power-cycling of the instrument. To
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the "2", "4", and "6" keys on the Keypad. The positional arguments for the azimuth and
orthogonal parameters, including those used in the load and zero positions, must be within the
range of £999; this range is further limited by each application as explained below. The Setup
Menu cannot be exited if anything is wrong with any of the parameters.

CURSOR RATE SLOW
PANEL-LIGHT ON SETLOAD
ALARM ON SET ZERO

AXIS LIMITS '
+AZ=365.0 +OR=125.0 |[LISTEN ADDR=08
~AZ=005.0 -OR=125.0

Figure 12. Setup Menu Layout

The +AZ= (azimuth upper limit) parameter defines a programmable clockwise limit of
travel (in degrees). This value may not exceed +999 and may not be set lower than the value of

the counter-clockwise limit. The default setting is +365, which is also the mechanical limit of
clockwise azimuth axis rotation. Even if this parameter is set higher, rotation will stop at +365.
Select this parameter with the Cursor Knob and key in the new desired value using the Keypad.
As the keys are pressed, the corresponding digits will be pushed from right to left into the
parameter display (pressing the ENTER key is not required).

The —AZ= (azimuth lower limit) parameter defines a programmable counter-clockwise
limit of travel (in degrees). This value may not be less than —999 and may not be set higher than
the value of the clockwise limit. The default setting is —5, which is also the mechanical limit of
counter-clockwise azimuth axis rotation. Even if this parameter is set lower, rotation will stop at
—5. Select this parameter with the Cursor Knob and key in the new desired value using the
Keypad. As the keys are pressed, the corresponding digits will be pushed from right to left into
the parameter display.

The +OR= (orthogonal upper limit) parameter defines a programmable upper limit of
ortho-axis rotation which is independent of the mechanical limits set at the motor base. This is a
"soft” limit which has a maximum value of +999, but the ortho-axis cannot travel above the
mechanical limit which is set at +125. It must be set higher than the Orthogonal Lower Limit
(—OR=). Even if this parameter is set higher, rotation will stop at +125. Select this parameter
with the Cursor Knob and key in the new desired value using the Keypad. As the keys are
pressed, the corresponding digits will be pushed from right to left into the parameter display. The
default setting is +125.

The —~OR= (orthogonal lower limit) parameter defines a programmable lower limit of
ortho-axis rotation which is independent of the mechanical limits set at the motor base. This is a
"soft" limit which has a minimum value of ~999, but the ortho-axis cannot the travel below the
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"soft" limit which has a minimum value of =999, but the ortho-axis cannot the travel below the
mechanical limit which is set at —125. It must be set lower than the Orthogonal Upper Limit
(+OR=). Even if this parameter is set lower, rotation will stop at —125. Select this parameter
with the Cursor Knob and key in the new desired value using the Keypad. As the keys are
pressed, the corresponding digits will be pushed from right to left into the parameter display.
The default setting is —125.

The CURSOR RATE parameter determines the speed with which the cursor will step
through the menu items as the Cursor Knob is rotated. There are two settings for the CURSOR
RATE, these are SLOW and FAST. To change the setting, select this parameter with the Cursor
Knob, and then the setting may be toggled between SLOW and FAST using the "+/-" key on the
Keypad. The default setting is SLOW.

The PANEL-LIGHT parameter determines whether or not the Parameter Display will be
back lighted. The PANEL-LIGHT may be turned on or off by first selecting it with the Cursor
Knob and then pressing the "+/-" key on the Keypad to toggle the setting between ON and OFF.
The default setting is ON.

The Audio ALARM parameter determines whether or not the audio alarm will be active.
This alarm is used to signal the operator in the event of illegal data entries or upon the
manipulator axes reaching a desired value or preset limit. To turn the ALARM ON or OFF, first
select it with the Cursor Knob and then press the "+/-" key on the Keypad. When ON the alarm
beeps twice for a complete operation and thrice in the event of an illegal entry. The default
setting is ON.

The SET LOAD parameter defines the positions which the manipulator axes take when
the "LOAD" function is invoked. The default values for LOAD are 0° for both axis positions.
To define the LOAD positions, take the following steps. First, position the ortho-axis and/or the
azimuth axis where desired for the new LOAD definition using the controls in the Main Menu.
Second, go to the Setup Menu, move the cursor to SET LOAD, and press ENTER on the
Keypad. If the Alarm is on, there will be a beep to indicate that the new positioning has been
saved in the LOAD function.

The SET ZERO parameter may be used by the operator to define the logical "zero"
orientation of the manipulator. There are no default values for ZERO; the operator must expect
to set both axis positions, although the EMCO installer normally sets them to 0°. To define
logical ZERO, use the following procedure. First, position the manipulator orthogonal and
azimuth axes in the desired ZERO positions using the controls in the Main Menu. Second, go to
the Setup Menu, select SET ZERO, and press ENTER. The manipulator will perform the
following movements in both axes, starting with the ortho-axis and ending with the azimuth axis.
First, the axis will rotate CCW until it reaches its hard or mechanical limit. Then it will rotate
CW until it reaches the physical zero position of the encoder. The controller records the position
of the physical zero with respect to the logical zero and returns the axis to logical zero. When
both azimuth and orthogonal zeros have been processed, there will be a beep, if the Alarm is on,
to indicate that the function is completed. From then on, until they are redefined, the
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Menu. Should either axis reach its CW (upper) hard limit, i.e., not find the physical zero of the
encoder, it will stop and the alarm will beep three times to indicate that there was an error.

The LISTEN ADDRess parameter is the talker/listener address of the instrument when it
is being operated in Remote Mode through the GPIB. To set the address, first select its present
value with the Cursor Knob and then use the Keypad to enter the desired value. As the keys are
pressed, the corresponding digits will be pushed from right to left into the parameter display.
The range of usable addresses is 01 - 31 (address 00 is reserved for the bus controller). After
changing the address, power to the Model 5390 must be cycled off and on to make the new
address active. The default value is 08.

Model 5390 Remote Mode

The Model 5390 is automatically placed in the Remote Mode when it receives its talker/listener
address over the GPIB. The operator may return the instrument to the Local Mode, when it is
not locked out, by pressing the LOCAL key ("8") on the Keypad.

Remote Screen. In the Remote Mode, a unique screen, illustrated in Figure 13, is presented to
the operator on the Parameter Display.

The Current Positions of both axes of the manipulator are presented in an area entitled
CUR POS on the left side of the screen. The units for these values are degrees.

Command Queue. An unlabeled area just to the left of the center of the screen is reserved
for a command queue. Displayed here is a list of the last five commands, plus any arguments,
received by the Model 5390 over the GPIB. Each command is displayed in its parsed form with
all characters in upper case and without additional spaces or 1llegal characters. A set of examples
are shown in this space in Figure 13.

Address Detected Indicator. In the upper half of the screen, just to the right of center is
an indicator to show if the instrument has received its talker/listener address. Normally, this area
will display the words "ADDRESS NOT DETECTED" to indicate that the instrument has not
been addressed as either a talker or a listener on the GPIB. The "NOT" will disappear whenever
the instrument is addressed by the bus. Once a command is issued, the message remains
"ADDRESS DETECTED" until the command "*RST" is issued, the unit is returned to "Local"
and then back to "Remote." or power is cycled off and on.

Local Lock-Out Indicator. In the upper right-hand corner of the screen is an indicator of
the status of Local Lock-Out. This indicator will display either "LOCAL LOCK-OUT ON" or
"LOCAL LOCK-OUT OFF" according to the status of this function. If the GPIB controller has
asserted Local Lock-Out, i.e., LOCAL LOCK-OUT ON, all front panel controls will be rendered
inactive; including the Return To Local key ("8") on the Keypad.

GPIB Address Indicator. On the right half of the screen, just below center, is a display of
the currently selected talker/listener address of the Model 5390 on the GPIB. It is shown as
"LISTEN ADDR=nn". The two-digit address is displayed in decimal, e.g., 08 in Figure 13.
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CURPOS |1 ADDRESS | LOCAL
AZ=  |\D+100 NOT | LOCK-OUT
+000.0 | DETECTED OFF

OR=  |M2 LISTEN ADDR= 08
+000.0 |AD 1 * NO ERROR *

Figure 13. Remote Mode Display Layout

Error Reporting. In the lower right-hand corner of the screen, an area has been reserved
for the reporting of errors occurring during GPIB data and command transfers. This area usually
contains the message " * NO ERROR * ", but when an error occurs, this message will be replaced
by the error message. See Appendix A at the back of this manual for an explanation of these
messages. :

Return To Local. If the Local Lock-Out is off, the LOCAL key ("8") on the Keypad will
be illuminated, indicating that it is active. The operator may return the Model 5390 to the Local
Mode by pressing this key. This will cause all motion to cease, the Parameter Display to blank

briefly and then return with the Main Menu, and control of the instrument to revert to the front

panel.

Programming Remote Operation. The Model 5390 recognizes two sets of commands. These
are the Boss Manipulator (Device Unique) Command Set and the IEEE Std 488.2 Mandatory
Command Set. For a better understanding of programming GPIB-operated equipment, read [12].

Note
All commands described below may be in either lower case, upper case, or a |
combination of both. It is recommended, although not required, to terminate
each command (including its argument, if any) with the delimiter ";". A space is
required between a command and anv argument that might follow it.

The Boss Manipulator (Device-Unique) Command Set allows the programmer to access
all of the features of the Boss Manipulator via the Model 5390. Each of the commands is listed in
Table VII, along with a detailed description of its purpose and use. Thoroughly read this section
and the section on Programming The Service Request before attempting to use the full range of
features of the Model 5390 under GPIB control. :

In several of the commands, a decimal argument tnnn.n is required. The positive sign
("+") and leading zeros are optional. However, the decimal point and fractional part or a zero are
required. That is, the argument may take the forms, 35.5, -135.0, +2.7, 054.7, etc.
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When using one of the "P..." commands to move the manipulator to preset positions, the
limits must be set so as to accommodate the positions required by the commands. If the motion
target for an axis is outside the limits, the axis will not move. Also, since the azimuth axis always-
moves first, if it cannot move because of its target being outside the limits, the ortho-axis will also
not move. For example, if "P6" is issued to move the azimuth axis to 135° and the ortho-axis to
-120°, but the upper azimuth limit is set to 120°, no motion of either axis will occur.

During "preset" motion, do not query the position of the azimuth axis while :he
ortho-axis is moving. This will cause the ortho-axis to travel to its limit.

After the "ST" command is issued, the moving device will not restart motion until
a new target command and a new movement command are issued.

Notes

Table VII.

Boss Manipulator (Device-Unique) Instruction Set

Mnemonic Instruction Description
"AL OFF" Alarm Off Turns the audible alarm off.
"AL ON" Alarm On Turns the audible alarm on.
"AZLL? Query Azimuth | Issuing this command causes the instrument to respond with the
Lower Limit current lower limit of the azimuth axis. The instrument will return a
signed decimal value. . _ _
"AZ TG Query Azimuth | Issuing this command causes the instrument to respond with the
Target current azimuth target. The instrument will return a signed decimal
value.
"AZ UL Query Azimuth | Issuing this command causes the instrument to respond with the
‘ Upper Limit current upper limit of the azimuth axis. The instrument will return a
signed decimal value.
"AZ Query Current Issuing this command causes the instrument to respond with the
Azimuth current position of the azimuth axis. The instrument will return a
signed decimal value. (See Table VIII for a programming example.)
"DS?" Query Device This command is used to determine the origin of a Service Request. |
Status Issuing this command causes the instrument to respond with the|
contents of the Device Status Register. The value returned is in
decimal format in the range of 0 to 3. After conversion to binary
format, Bit 0 will correspond to the azimuth axis and Bit 1 to the ortho-
axis. A bit-value of 1 indicates the device is requesting service. Hhen
this command is issued the register will be cleared upon response.
(For a detailed explanation of the Device Status Register and its
function. see "Programming the Service Request” later in this manual.)
"LD AZ tnnn.n LL" | Set Azimuth This command will change the current setting of the Lower (CCW)
("+" & leading zeros | Lower Limit Limit of the azimuth. A decimal argument in the range of
optional) -5 to the value of the Upper Limit, but not greater than +365, is
required.
"LD AZ 4nnn.n TG" | Set Azimuth This command sets the TARGET parameter for the azimuth. A
("+" & leading zeros | Target decimal argument within £999 is required. and must be in the range

optional)

between the lower and upper active limits.
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a "LD AZ tnnn.n UL" | Set Upper This command sets the upper limit for the azimuth. A decimal
("+" & leading zeros | Azimuth Limit argument in the range from the Lower Limit, but not less than -5, to
optional) +365 is required. (See Table IX for a programming example.)

"LD OR tnnn.n LL" { Set Orthogonal | This command will change the current setting of the Lower (CCW)
("+" & leading zeros | Lower Limit Limit of the ortho-axis. A decimal argument in the range of
optional) +125 is required. It must be lower than the Upper Limit.
"LD OR innn.n TG" | Set Orthogonal | This command sets the TARGET parameter for the ortho-axis. A
("+" & leading zeros | Target decimal argument within +125 is required, and must be in the range
optional) between the lower and upper active limits.
"LD OR +nnn.n UL" | Set Upper This command sets the upper limit for the ortho-axis. A decimal
("+" & leading zeros | Orthogonal Limit | argument in the range of #1235 is required. It must be higher than the
optional) Lower Limit. :
"OR LL?" Query Issuing this command causes the instrument to respond with the
Orthogonal current lower limit of the ortho-axis. The instrument will return a
Lower Limit signed decimal value. ' ,
"OR TG?" Query Issuing this command causes the instrument to respond with the
Orthogonal current ortho-axis target. The instrument will return a signed decimal
Target value. - : :
"OR UL?" Query Issuing this command causes the instrument to respond with the
Orthogonal current upper limit of the ortho-axis. The instrument will return a
Upper Limit signed decimal value. '
"OR?" Query Current Issuing this command causes the instrument to respond with the
Orthogonal Pos. | current ortho-axis position. .
"P1" Move to Preset Moves the azimuth axis to 45° and the ortho-axis to —120°.
Position #1
"p2" Move to Preset Moves the azimuth axis to 45° and the ortho-axis to 0°.
Position #2
"P3" Move to Preset Moves the azimuth axis to 45° and the ortho-axis to +120°.
Position #3
"P4" Move to Preset Moves the azimuth axis to 135° and the ortho-axis to +120°,
Position #4 '
"P3" Move to Preset Moves the azimuth axis to 135° and the ortho-axis to 0°.
Position #5
"P6" Move to Preset Moves the azimuth axis to 135° and the ortho-axis to —120°.
Position #6 , :
"P7" Move to Preset Moves the azimuth axis to 225° and the ortho-axis to —120°.
Position #7
"P8" Move to Preset Moves the azimuth axis to 225° and the ortho-axis to 0°.
Position #8
"P9" Move to Preset Moves the azimuth axis to 225° and the ortho-axis to +120°.
Position #9
"P10" Move to Preset Moves the azimuth axis to 315° and the ortho-axis to +120°.
Position #10 - '
"P11" Move to Preset Moves the azimuth axis to 315° and the ortho-axis to 0°.
Position #11
"P12" Move to Preset Moves the azimuth axis to 315° and the ortho-axis to —120°.
Position #12 _
"PLD" Move to Preset Moves both axes to their preset load positions.
Load Position ’
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“"RTL" Returnto Local | This command will change the state of operation of the instrument
from Remote Mode to Local Mode. Execution of this command will
cause all motion to cease, the Parameter Display to blank briefly and
then return with the Main Menu, and the control of the instrument to

transfer to the front panel. :

"SET LOAD" Set Load Position | This command sets the LOAD position in the controller to the current
position of the manipulator.

*SET ZERO" Set Zero Position | This command sets the ZERO position in the controller to the current
“position of the manipulator.

"SK AZ" Azimuth Seek Issuing this command will cause the azimuth axis to commence seeking

for its preset TARGET value. The TARGET parameter must be
independently set prior to issuing the "SK AZ" command.

"SK OR" Orthogonal Seek | Issuing this command will cause the ortho-axis to commence seeking
for its preset TARGET value. The TARGET parameter must be
independently set prior to issuing the "SK OR" command.

"ST" Stop This command causes immediate cessation of motion of all active
devices.

"ZERO" Move to Preset Moves the manipulator to the preset ZERO position.
Zero Position

Table VII.
Programming Example for Query Lower (CCW) Azimuth Limit

10 ! no devices are currently active. this is not a requirement

20 ! of the AZ? command. :

30 OUTPUT 708;"AZ?;" ! ready the instrument to respond
40 ENTER 708;APOS ! read the current azimuth

50 DISP APOS ! display the decimal value

Table IX. .
Programming Example for Upper (CW) Azimuth Limit

10 OUTPUT 708;"LD AZ 250.0 UL." ! set upper (cw) limit to +2350°

The IEEE Std 4882 Mandatory Instruction Set provides standard instructions or
commands that are needed in normal GPIB operation of the Model 5390 controller, and makes it

compliant with the requirements of IEEE Std 488.2. Each of the instructions is listed in Table X,
along with a detailed description of its purpose and use.

Several of the commands in this instruction set either return values in decimal format or
need arguments in decimal format. The information being transferred by these decimal numbers
makes sense only in binary format since it represents the bit values in an eight-bit binary byte. To
interpret the decimal values returned, first convert them to binary format. In this result the least
significant bit is Bit O, the next least significant bit is Bit 1, etc. The information being transferred
is contained in the bit values, 1 (set) or O (reset or cleared). The use of these bit-values will be
explained in Programming the Service Request. Conversely, when forming a decimal argument to
use with a function, set up an eight-bit byte, assign each bit a value of 1 or 0, as required to
convey the information needed by the command, and convert the binary value to decimal.
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Table X.

IEEE Std 488.2 Mandatory Instruction Set

Mnemonic

Instruction

Description

"k (]S

Clear Status

This command will clear all Event Registers summarized in the Status
Byte. (For a detailed explanation of the Status Byte and the Event
Registers. see the discussion on "Programming the Senvice Request"
later in this manual.)

"*ESE nnn"

Set the Standard
Event Status Enable
Register

This command allows the programmer to alter the contents of the:
Standard Event Status Enable Register. A decimal argument in theé;
range of 0 to 255 is required. This argument. when expressed in binarv|
form, directly represents the bit values of the Standard Event Status;
Enable Register. (For a detailed description of this register and its
function. see the discussion on "Programming the Service Request.")

"*ESE?"

(Note the
similarity of this
command to
"“ESR?")

Query the Standard
Event Status Enable
Register

This command causes the instrument to respond with the contents of
the Standard Event Status Enable Register. The response will be a
signed decimal number in the range of 0 to +255. This value, when
expressed in binary form, directly represents the bit values of the
Standard Event Status Enable Register. (For a detailed description of
this register and its function, see the discussion on "Programming the
Service Request.”)

"*ESR?"

{Note the
similarity of this
command to
"“ESE?")

Query the Standard
Event Status
Register

This command causes the instrument to respond with the contents of’
the Standard Event Status Register. The response will be a signed
decimal number in the range of 0 to +255. This value, when expressed
in binary form, directly represents the bit values of the Standard Event
Status Register. NOTE: Upon reading this register, its contents will
be cleared. (For a detailed description of this register and its function.

| see the discussion on "Programming the Service Request.”)

"+IDN?"

Identify.

This command offers the programmer the ability to determine the
nature of the device located at a given address on the GPIB. Issuing
this command causes the instrument to respond with an ASCI
character string. The string that is sent. "EMCO,5390,2.9" uniquely
identifies the instrument as the EMCO Model 5390 setup to operate the
Boss Manipulator.

"*OPC"

Arm the Operation
Compiete Flag

Issuing this command will cause the instrument to set the Operation
Complete bit of the Standard Event Status Register when any moving
device has stopped. This command MUST be issued prior to issuing
any movement command so that the flag will be set when the device
ceases movement. (For a detailed description of this register and its
function. see the discussion on "Programming the Service Request.")

"*OPC?"

Query the Operation
Complete

Issuing this command will cause the instrument to respond with a
single character message. If all moving devices have stopped. the
message will be 1. if not it will be 0.

"R QT"

Reset

Issuing this command will initiate an instrument reset. This is similar
to turning power to the instrument off and then back on. except that the
instrument will remain in the remote mode and The state of the Status
Register Data Structure will remain unchanged. However, all moving
devices will be immediately stopped and the command queue will be
cleared. (For a detailed description of this register and its function, see

the discussion on "Programming the Service Request.")
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"*SRE nnn" Set the Service This command allows the programmer to alter the contents of the
Request Enable Service Request Enable Register. A decimal argument in the range of 0
Register to 255 is required. This argument, when expressed in binary form.
directly ‘represents the bit values of the Service Request Enable
Register: (For a detailed description of this register and its function,
see the discussion on *Programming the Service Request.")

"SRE? Query the Service This command causes the instrument to respond with the contents of
Request Enable the Service Request Enable Register. The response will be a signed
Register decimal number in the range of 0 to +255. This value, when expressed

in binary form, directly represents the bit values of the Service Request
Enable Register. (For a detailed description of this register and its| _
function, see the discussion on "Programming the Service Request.")

"*STB?" Query the Status This command causes the instrument to respond with the contents of :
Byte the Status Byte. The response will be a signed decimal value in the!
range of 0 to +255. This value, when expressed in binary form, directly ;
represents the bit values of the Status Byte. (For a detailed description
of this register and its function. see the discussion on *Programming
the Service Request.") . .

"*TST?" Self Test This command readies the instrument to respond with a byte indicative
of the self-test result. Since the Model 5390 cannot test its internal
circuits without destroying the non-volatile parameter values or with
absolute certainty of the cause of any failure, the returned message will
alwavs be "0".

WAL Wait to Continue Issuing this command will cause the instrument to place execution of
the next command on hold while there are devices in motion. Once
motion has ceased. the next command will be executed normally. Note
that while a command is on hold additional commands will not be
accepted. Normal operation will continue (the "*WAI" command will
be released) after the command on hold has been executed. The rime-
out option of the GPIB controller must be disabled before the
execution of the "*WAI" command.

Programming the Service Request (SRQ). The Service Request is a form of interrupt, used by
instruments on the GPIB to inform the bus controller of changes in status or the existence of a
problem. Once an instrument initiates a Service Request, the bus controller must serially poll all
the instruments on the bus to determine the source of the interrupt. Each instrument responds to
the serial poll with a Status Byte which indicates whether or not it is the originator of the Service
Request. Once the bus controller finds the originator of the interrupt, it may further interrogate
the instrument by reading the Status Register Data Structure elements to discern the exact nature
of the request for service.

Each instrument incorporates a Status Register Data Structure. Elements of this structure are
largely unique to the instrument, however there are several elements which are standard, as
defined in IEEE Std 488.2. This data structure provides a means to record "events" and
selectively determine if a certain type of "event" should initiate a Service Request. What follows
is a discussion of this Status Register Data Structure as it exists in the Model 5390, and how the
programmer may use it to properly generate Service Requests on the GPIB.

The Model 5390 may be programmed to initiate a service request upon occurrence of a selected
condition. After the selected condition occurs and it initiates a request for service, the Model
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5390 will WAIT INDEFINITELY for the bus controller to poll it. Upon completion of the poll by |

the bus controller, the Model 5390 will resume the normal operation state and will be ready to
respond to inquiries from the bus controller about its Status Register Data Structure.

There are three types of registers in the Status Register Data Structure. All are eight-bit registers
(bytes) with the bits numbered starting from the most significant bit (MSB) to the least significant
bit (LSB) as follows: 76 543 2 10. The bit numbers also indicate the weight of each bit as a
power of two when the binary value is being converted to another format, e.g., decimal. The
decimal value equivalent to the eight-bit register filled with all ones is 255.

One of the three registers is the Status Byte, a special register, which is discussed in another
paragraph below. The other two registers are, in general, "event" registers and "event enable"
registers. These two always exist in pairs, because the "enable" register is a mask for the "event”
register, that is, a bit in an "event" register is Jogically anded with its corresponding bit in the
companion "event enabie" register to make up an event message. If the bit in the "event enable”
register is set to 1, the corresponding bit in the "event" register is said to be enabled. This term is
used in the explanations of specific registers given below.

The Status Byte is a register whose contents form the response to a serial poll initiated by
the bus controller. Contained within this register (byte) are two single bit summary messages, and
one Master Summary Status (MSS) message. The function of each bit is shown in Table XI.

When the MSS bit (Bit 6) is set to 1 within the Model 5390, e.g., upon completion of an
enabled event, the instrument will issue a Service Request. Upon receiving a Service Request,
the bus controller will serially poll all instruments on the bus. In response to this poll, each
instrument will, in turn, send its Status Byte. The bus controller will examine Bit 6 (MSS) of this
Status Byte to determine if the associated instrument is requesting service.

Table XI. Status Register (Byte) Data Structure

Bit 0  Not used (reset to 0).

Bit1 Not used (reset to 0).

Bit 2  Not used (reset to 0).

Bit 3  Not used (reset to 0).

Bit4+ Message Available (MAV). This bit will be set to 1 if there is a message in the
instrument output queue. Since the Model 5390 always has a message waiting
in the output queue, this bit is always set to 1.

Bit 5 Standard Event Status Summary bit (ESB). This bit will be set to I if any of
the enabled events in the Standard Event Status register occur.

Bit6 Master Summary Status (MSS). This bit will be set to 1 if any of the enabled
bits of the Status Byte (Register) are set to 1.

Bit 7 Not used (reset to 0).

The Service Request Enable Register. This register is used in conjunction with the Status
Byte (Register). If any bit within this register is set to 1, the corresponding bit of the Status Byte
will be enabled and will thus contribute towards the MSS bit. For example, if Bit 5 of the Service
Request Enable Register is set to 1, then the corresponding bit (ESB) of the Status Byte will be
set to 1, the MSS bit will be set to 1, and a Service Request will be initiated. If the ESB had been
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—setto 1 but-was not enabled because Bit 5 of the Service Request Enable Register was cleared

(reset to 0), then the MSS would be cleared (reset to 0), and no Service Request initiated. Note
that the bit of the Service Request Enable Register correspondmg to the MSS (Bit 6) is not used
in the calculatlon of the MSS. '

The contents of this register may be changed using the "*SRE nnn" command, and queried
using the "*SRE?" command.

The Standard Event Status Register. This register is a standard structure as defined in
IEEE Std 488.2. The bit definition as implemented in the Model 5390 1s shown in Table XII.

Table XII. Standard Event Status Register

Bit0  Setto 1 if an Operation Complete message is initiated. (Op Comp Flag).
Bit1  Not used (reset to 0).

Bit2 Not used (reset to 0).

Bit3  Setto 1 if an internal error occurs.

Bit4  Setto I if an error results from a command execution.

Bit5 Setto 1 if an illegal command is received.

Bit6 Not used (reset to 0).

Bit 7  Set to 1 upon the initial power up.

Any enabled bits in this register (see The Standard Event Status Enable Register below)
that are set to 1 wiil cause the Standard Event Status Bit (ESB) of the Status Byte to also be set
to 1. In this way, lower level events, such as the detection of an illegal command, can be used to
initiate Service Requests. In such an instance, the bus controller would read the Status Byte of
the Model 5390 and detect that the MSS and ESB bits were set, indicating that service has been
requested because of an event which is defined by the Standard Event Status Register. The bus
controller may then query the contents of the Standard Event Status Register, find Bit 5 set and
from this determine that an illegal command has been received by the instrument. *

The contents of this register may be queried using the "*ESR?" command. Note that this
command will cause the register to be cleared after it is read. The only other command that wil
affect the contents of this register is the "*CLS" command, which will clear the register, i.e., reset
all bits to 0. The only way a bit within this register can be set to 1 is by detection, within the
Model 5390, of an associated event.

The Standard Event Status Enable Register. Each bit of this register may be used to
enable the corresponding bit of the Standard Event Status Register. In this way, bits within the
Standard Event Status Register may be selectively used to calculate the state of the Standard
Event Status Bit (ESB) of the Status Byte, and hence initiate a Service Request. The contents of
this register may be altered using the "*ESE nnn" command, and may be queried using the
"*ESE?" command.

The Device Status Register. This register contains information regarding the status of the
ortho-axis and the azimuth axis. The two least significant bits each correspond to one of the two
axes; bit O (least significant) corresponds to the azimuth axis, and bit 1 corresponds to the ortho-
axis. Each of these bits will have a value of 0 until a device event occurs, i.e., a moving axis
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ceases motion, at which time it will be sef to 1. This register is used in conjunction with the
Device Status Enable Register to determine whether or not an Operation Complete message
should be initiated, i.e., setting the Operation Complete bit of the Standard Event Status Register
to 1. ' ' ' :

The bits in this register are reset to 0 upon one of two conditions: a) the instrument enters
the remote mode; or, b) the bus controller issues the "DS?" command and queries the contents of
this register. The contents of this register may not be set directly by the programmer, they may
only be queried and reset using the "DS?" command.

The Device Status Enable Register. The contents of this register determine which of the
two axes are to be considered in generating the Operation Complete message. Bit 0, the least
significant, corresponds to the azimuth axis and Bit 1 corresponds to the ortho-axis. This register
is set up in the firmware so that both axes are always enabled, i.e., both Bit 1 and Bit 2 are set to
1 signifying that both devices shall be considered when determining an Operation Complete
condition. Note that an Operation Complete message will not be initiated until both of the axes
have had an event, ie., ceased motion. The contents of this register may not be altered or
queried.

Table XIIT on page 36 contains a short programming example which is included to clanfy the
operation and interaction of the registers within the Status Register Data Structure. Additionally,
a method of handling a Service Request is shown.
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Table XTI,

| Programming Example of Operation & Interaction Within the

Status Register Data Structure and Handling a Service Request

005

010
015

4020

025
030
035
040
045
050
055
060
070
075
080
085
090
095
100
105
110

500
505
510
515
520
525
530
535
540
545
550
555
560
565
570
575
580
585
590
595
600
605
610

REMOTE 708 ’ : !Place the 5395 in Remote Mode
t .
! Setup the 5390 to issue a Service Request each time the

! azimuth axis or ortho-axis reaches its target position (ceases motion).
]

! 1) Enable Devices to form the Operation Complete Message

. !'2) Enable the Operation Complete message to form the

! - Standard Event Status Bit summary message (ESB) and

!'3) Enable the ESB to form the Master Summary message (MSS)

! and hence generate a Service Request.

| :

OUTPUT 708;"*ESE 1" !Enable the Op. Comp. (bit 0=1)
OUTPUT 708;"*SRE 32:" !Enable the ESB (bit 5=1)

! Enable the bus controller to recognize Service Request

! interrupts, and define the interrupt handling subroutine.

ENABLE INTR 7 !Enable SRQ interrupts
OUTPUT 708;"*OPC;" !Arm the Op. Comp. Flag
OUTPUT 708;"SK AZ:" 1Send Dev. Dep. command
ON INTR 7 GOSUB 500 !Define the interrupt handler
OUTPUT 708;"*OPC" 'Arm the Op. Comp. Flag
OUTPUT 708:"SK OR:" !Send Dev. Dep. command

! Upon receiving an interrupt, 1) poll the 5390 (read the Status
! Byte) to determine if it is requesting service; 2) read the 5390
! Status Register Data Structure to determine the nature of the
! request (reading the structure also serves to clear all.of the

! registers).

!

SB=SPOLL(708) 'Retrieve the Status Bvte and

IF BIT(SB,6)=1 GOTO 545 'determine if service is requested.
RETURN 'If not, return to program.

!

OUTPUT 708."DS?;" 'Query the Device Status Register
ENTER 708:.DEV_STAT

OUTPUT 708:"*ESR?" {Query the Standard Event Status
ENTER 708;EVT_STAT Register

IF BIT(EVT_STAT.0)=1 GOTO 580 !Verify the Op. Comp. bit is set.

RETURN 'If not. return to program.

IF BIT(MEV_STAT,0)=1 GOTO 595 'Verify azimuth axis or ortho-axis
IF BIT(DEV_STAT,1)=1 GOTO 595 thas completed operation.
RETURN HIf not, return to program.

!

! Place the user specific measurement routine here ...
!

RETURN
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SYSTEM BLOCK DIAGRAMS AND

REFERENCE ASSEMBLY DRAWINGS

The following pages contain the Model 5390 and motor base block diagrams and the reference
assembly drawings of the platform apparatus. These are provided for information to aid in
understanding how the system operates. If repairs are needed, it is best to contact The Electro-
Mechanics Company for help, where personnel who are intimately familiar with the system are

available.

DEVICE INTERFACE

PORT

T

IEEE Std 488

(GPIB)

CPU BOARD
ASSEMBLY

FRONT PANEL BOARD
ASSEMBLY

ASSEMBLY

DISPLAY KEYPAD

@

ROTARY

KNOB

POWER SUPPLY
ASSEMBLY

1-PHASE AC
W/ GND

Figure 14. Model 5390 Positioning Controller Block Diagram.
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DEVICE INTERFACE
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Figure 15. Boss Manipulator Electrical Block Diagram.
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APPENDIX A
ERRORS AND ERROR CODES
Connection Errors

If controller power is turned on with the manipulator not connected, incorrectly connected, or
without AC power, a two-line error message will appear on the Parameter Display screen instead
of the Main Menu. The message is as follows:

"NO RECOGNIZABLE DEVICE PRESENT
CONNECT AND PRESS ENTER FOR RESTART".

This message is displayed if no device (manipulator) is connected or if AC power is not applied to
the motor base.

NOTE
While the second line of the message suggests leaving the power on
while correcting the connection problem, it is better to turn the
power off while making any connections. Making connections with
the power on, i.e., "hot" connections, can cause transients which
might damage the instrument.

Remote Operation Errors

If an error occurs during Remote Operation of the controller, one of the following error messages
will appear in the lower right-hand corner of the Parameter Display screen.

1. "BAD or MISSING ARG"; or,

2. "ILLEGAL COMMAND".

These messages will appear in place of " * NO ERROR * " on the Remote Screen. If a command
requires a decimal argument, error message 1 will appear if the argument is missing, has too large
a number, or contains characters which are not numbers; the argument must lie within the range
from O to 255 and may be prefixed by a "plus" (+) sign. If a command is sent which is not in the
lists in Table VII or Table X, that is, a command which the Model 5390 does not recognize, error
message 2 will appear. The error message will continue to be displayed until the third correct
command is issued after the one which caused the error.
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APPENDIX B
SELECTED PAPERS

The papers listed below on the following selected topics are provided for the convenience of the
Boss Manipulator™ user. The papers start after page 45 at the end of this manual.

Perturbing Effects of Manipulator Platform Apparatus

J. D. M. Osburn, T. E. Harrington and F. Sepulveda, "A Preliminary Evaluation of the
Effect of a Dielectric WB TEM Cell Manipulator on Radiated Emissions Test Results,"
Electromagnetic Compatibility, Conference Pub., 396, IEE Ninth International Conference,
Manchester, UK, 5 - 7 Sep., 1994, pp. 34-39.

Basic Far-Field 3-Measurement, 3-Input Correlation

P. Wilson, D. Hansen and D. Koenigstein, "Simulating Open Area Test Site Emission
Measurements Based on Data Obtained in a Novel Broadband TEM Cell," IEEE 1989 National
Symposium on Electromagnetic Compatibility Record, 89CH2736-7, Denver, CO, May 23-25,
1989, pp. 171-177.

Near-Field 9-Measurement, 9-Input Correlation

P. Wilson, "On Simulating OATS Near-Field Emission Measurements via GTEM Cell
Measurements." JEEE 1993 International Symposium on Electromagnetic Compatibility Record,
93CH3310-0, Dallas, TX, August 9-13, 1993, pp. 53-57.

Special Measurements for Gain Greater than Dipole
and EUT Pattern Estimation

1. J. D. M. Osbumn and E. L. Bronaugh, "A Measurement and Calculation Procedure to
Remove the 'Gain No Greater than a Dipole' Restriction in the GTEM-OATS Correlation
Algorithm," Proceedings, EMC 94-Barcelona, 4th International Symposium and Exhibition
Technical Normative on Electromagnetic Compatibility, Barcelona, Spain, October 4-6, 1994.

2. J. D. M. Osbum and E. L. Bronaugh, "Advances in GTEM to OATS Correlation
Models," IEEE 1993 International Symposium on Electromagnetic Compatibility Record,
93CH3310-0, Dallas, TX, August 9-13, 1993, pp 95-98.

[Permission to reprint these papers has been requested. ]
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APPENDIX C
MANIPULATOR PRESET POSITIONS

The figures in this appendix show the position of the manipulator and EUT for the 12 preset
positions listed in Table IV. They are inclusive of the preset positions used in both emissions and
immunity measurements. In each figure, the preset position number is given as well as the EUT
face and its polarization facing the apex of the GTEM!. Each row of preset positions from Table
IV occupies one page in this appendix.
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(Not to Scale)

(Not to Scale)

(Not to Scaie)

Normal Door
Figure C-1. Preset P1, Face-Z, Polarization Horizontal.

Nomnal Door
Figure C-2. Preset P2, Face-X, Polarization Vertical.

Normal Door
Figure C-3. Preset P3, Face-Y, Polarization Horizontal.
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Normal Door
Figure C-4. Preset P4, Face+X, Polarization Horizontal.

(Not to Scale)

Normal Door
Figure C-5. Preset P5, Face+Z, Polarization Vertical.

(Not to Scale)

Normal Door
Figure C-6. Preset P6, Face+Y, Polarization Vertical.
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Normal Door
Figure C-7. Preset P7, Face+Z, Polarization Horizontal.

(Not to Scale)

Normal Door
Figure C-8. Preset P8, Face+X, Polarization Vertical.

(Not to Scale)

Normal Door
Figure C-9. Preset P9, Faca+Y, Polarization Horizontal.
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Normal Door
Figure C-10. Preset P10, Face-X, Polarization Horizontal.

Normal Door
Figure C-11. Preset P11, Face-Z, Polarization Vertical.

Nommal Door
Figure C-12. Preset P12, Face-Y, Polarization Vertical.




, A PRELIMINARY EVALUATION OF THE EFFECT

7= OFADIELECTRIC WB TEM CELL MANIPULATOR

ON RADIATED EMISSIONS TEST RESULTS

J D M Osburn, T E Harrington and F Sepulveda

The Electro-Mechanics Company, USA

INTRODUCTION

The recent action by the Federal
Communications Commission of the United
States, allowing WB TEM radiated cell data to
be submitted for type certification
measurements, places renewed emphasis on full
automation and rapid conduct of these
measurements [1]. To allow full automation of
radiated emissions testing, an equipment under
test (EUT) manipulator has been constructed
from dielectric materials, to minimize the
interaction  of  electromagnetic  signals
originating in the EUT with the manipulator
[2]. Since the presence of additional non-EUT
materials in the test volume of the WB TEM
Cell may interact with the coupling mechanism
of the signals to be measured in the cell, it is
desirable to evaluate the impact of such
interaction of EUT fields with the manipulator.
This paper describes preliminary evaluation of
the impact of the presence of the dielectric
manipulator on radiated emissions test results.

DISCUSSION

Radiated emissions measurements in a WB
TEM Cell have historically been accomplished
by manual re-orientation of the EUT in the test
volume. The physical act of re-orienting the
EUT in the test volume to satisfies the need for
three orthogonal measurements, but interrupts
measurements and precludes full automation of
the measurement. To fully automate the
radiated emissions measurement, including the
re-positioning of the EUT between the three
measurements required, an EUT manipulator
was constructed from dielectric materials. The
relative dielectric constant of the materials

employed ranged from about 2.0 to 4.4, with a
preference for lower relative dielectric constant
materials, where possible. Great effort was
made to reduce the presence of any metal
component. Metal in the final design is limited
to a 7 cm long by 2.5 cm dia drive shaft
protruding through the floor of the WB TEM
Cell, and two 10 mm dia by 4 cm long bolts.
All other components are fabricated from
dielectric materials. Use of this manipulator
allows full automation of a radiated emissions
measurement.

We speculate that the presence of the dielectric
material in the test volume of the WB TEM
Cell could render inaccurate radiated emissions
measurements. Thus it was appropriate to
examine the effect the manipulator will have on
the accuracy of radiated emissions
measurements.

The evaluation was made by performing
comparative measurements on a single item
using first, the manipulator and second,
expanded polystyrene foam. The foam was
that was used to position the EUT for the
original measurements that showed acceptable
correlation of the WB TEM Cell measurements
to an open area test site (OATS) [3]. A direct
comparison was made between the
measurements with and  without the
manipulator.

PLANNING THE MEASUREMENT

Planning was conducted to provide the best
data for the most reasonable comparison. The
planning objectives and approach are discussed
below.
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The object of the measurements was to provide

data that allowing direct comparison of the
radiated measurement results with and without
the manipulator present, to determine if the
manipulating device introduces significant error
in the radiated emission measurement.

General Approach

The general approach chosen was to perform
comparative measurements with a stable EUT
that will allow direct comparison of the data
obtained as a measure of the impact of the
manipulating device on the overall accuracy of
the test results.

Technical Approach

The general technical approach to these
measurements is similar to the approach
recommended by the ANSI C63 Committee for
showing correlation between the WB TEM
Cell and an OATS [4]. In general, a statistical
approach is used. A set of three measurements
was made under each condition, and the
average of the three measurements was
compared to determine if a significant
difference exists under the two conditions.

The “Descriptive Statistics of the Differences”
will be used to perform the comparison [5].The
differences in the averages of the with and
without manipulator E-field readings are used
to compute the mean and standard deviation of
the differences. These values are the same that
are being used to determine acceptability of the
particular WB TEM Cell installation for formal
measurements for FCC submission.

The radiated emission measurements were
performed using automated radiated emissions
software [6]. This software allows export of
data and correlated E-field values as an ASCII
text file. The data was then imported into a
spread sheet for calculations.

Situation

The WB TEM Cell was presented for the initial
measurements with the manipulator installed.
Therefore, initial measurements  were
performed using the manipulator.

Test Equipment used and its limitations.

The test equipment used was that immediately
available for the conduct of this testing.

Royce Site Source

A Royce Site source was used as the EUT [7].
It is essentially a 10 MHz comb generator with
a (sinx)/x output stable over time. This output
is modified by the transmission characteristic of
a monopole transmitting antenna. It produces a
usable E-field output to around 600 MHz. This
device is normally used as an easily operated
radiated emissions source to assure continued
proper operation of an OATS, on a day-to-day
basis.

HP 9590 Spectrum Analyzer

The measurement device was a spectrum
analyzer [8]. The one employed had a usable
frequency range of 10 kHz to 1.5 GHz, and
*1.5 dB absolute amplitude accuracy.
However, it was capable of only modest (5
MHz + 1 % of span, about 097 MHz)
frequency accuracy. This limitation required
special handling of the data during analysis. In
a 1 MHz resolution and video bandwidth, it
displays about 30 - 35 dB 1V input noise.

WB TEM Cell

The WB TEM Cell is of a standard design and
was furnished for measurement with the EUT
manipulator installed.

Manipulator

The EUT Manipulator, as installed is capable
of handling an EUT 0.9 m diameter x 0.7
meters in height. It will handle a total EUT
weight of 50 kg. :

Testing
Testing was performed as follows:



s—Three sets of automated radiated emiSsions
~ measurements

and without the manipulator in the WB TEM

were made using the

Cell. Figure 2 shows the differences in the

manipulator to position the EUT for
measurements.

+ The manipulator was removed.

+ Three sets of automated radiated emissions
measurements were made using expanded
polystyrene foam blocks to position the EUT
for measurements.

At the conclusion of all measurements, the data
from all six measurement sets was exported
from the measurement control software as
ASCII files, to enable further analysis.

DATA ANALYSIS

At the conclusion of testing, all data was
imported into a spreadsheet as a function of
frequency. The extraneous data, recorded as a
result of the frequency uncertainty of the
measuring instrument, and the noise values,
were deleted leaving the E-field data from the
six measurements as a function of the measured
frequency, as shown in Table . Also in the
Table are the computations performed to reach
conclusions about the performance of the
manipulator. '

The computations performed are:

* Average the three sets of E-Field data from
the measurements using the manipulator

* Average the three sets of E-Field data from
the measurements using the expanded
polystyrene foam blocks

* Subtract the average of the “with
manipulator” E-field readings from the
average “without manipulator” E- field
readings over the entire frequency range.

» Compute the “Descriptive Statistics of the
Differences”, i. e., the mean and standard
deviation of the differences, over the
frequency range.

RESULTS

A graphical presentation of the data are shown
in Figures | and 2. Figure 1 shows a plot of the
E-field Values as a function of frequency, with

E-field values with and without the
manipulator, as a function of frequency.

As can be seen in Table I, the Descriptive
Statistics of the Differences are:

p=0.181
c =0.586
ANALYSIS OF THE RESULTS

Using Descriptive Statistics of the Differences
as an indication, the mean and standard
deviation of the differences of the E-field
values appear to be small. The spectrum
analyzer used for measurements is rated at an
absolute difference of + 1.5 dB. This may be
interpreted to strongly suggest that the
standard  deviation of the amplitude
measurement could be about 1/3 of those
value, or 0.5 dB.

Thus, an ideal amplitude measurement
comparison would give a mean difference of 0
dB and a standard deviation of 0.5 dB. Thus,
the values computed from the differences of
the two E-field measurements are not
significantly larger than the ideal values. These
differences are a fraction of those found in
OATS to WB TEM Cell comparison tests
[3,4,5]. '

CONCLUSIONS

The following conclusions may be drawn from
the results of the comparative testing:

+ The measured radiated emissions values do
not appear to change significantly, over the
frequency range measured, whether the
manipulator is present or not.

- This set of data showed closer agreement
over the lower portion of the frequency
range measured. It also seemed to show a
possible bias, to measure lower values with
the manipulator present, as frequencies
increased.



Table 1. bomparison Data and Computations

ol Wihoul____Average ___With Wit Wil — e
e e M anpmor gy T Manipuetor Manbublor ypanipuitor Aveages.
MHzidB,uwmid&uMlm_d&Mm_ngdBqu—d&uwm—d&qu—dB—dB—

- 45.00 36.36 36.95 36.07 36.46 36.28 36.44 36.29 36.34 0.12
55.00 38.23 38.7 39.05 38.66 38.05 38.53 38.08 38.22 0.44
65.00 39.35 39.85 40.07 39.76 40.00 40.19 40.38 40.19 043

' 75.00 42.01 4235 41.92 42.09 41.44 41.96 41.84 4175 0.35
85.00 4418 41.92 42381 42.97 42.98 43.58 43.30 43.29 -0.32
95.00 4425 44 .96 44 .46 44 .56 43.62 43.84 4418 43.88 068
105.00 45.40 46.07 46.82 46.10 45.76 4579 46.08 45.88 0.22
115.00 45.40 46.07 46.82 46.10 45.76 4579 46.08 45.88 022
125.00 52.23 52.32 52.38 52.31 5223 52.91 53.05 52.73 -0.42
135.00 54.19 53.94 54.33 54.15 55.22 54.30 54.60 54.71 -0.55
145.00 54.31 5422 53.89 54.14 54 .66 54.50 54.39 5452 -0.38
155.00 54.09 53.59 53.41 53.70 54.68 54.10 54.53 54.44 -0.74
165.00 56.93 56.39 56.83 56.72 56.93 56.39 56.83 56.72 0.00
175.00 56.63 56.72 57.31 56.89 56.62 56.41 56.63 56.55 0.33
185.00 55.68 56.44 55.80 55.97 56.16 55.41 55.49 55.69 0.29
195.00 56.61 56.59 56.75 56.65 56.53 56.19 56.57 56.43 0.22
205.00 57.95 57.95 57.95 57.95 57.70 57.61 58.03 57.78 0.17
215.00 58.69 58.9 58.61 58.73 59.05 59.19 59.26 59.17 -0.43
225.00 60.22 60.25 60.17 60.21 60.22 59.36 59.64 59.74 0.47
235.00 60.65 60.59 60.91 60.72 60.85 60.97 61.17 61.00 -0.28
245.00 60.27 60.33 60.15 60.25 60.27 60.43 60.04 60.25 0.00

255.00 59.35 58.81 59.67 59.28 59.76 59.57 59.84 59.72 -0.45
265.00 59.92 59.98 59.93 59.94 60.86 61.08 60.83 60.92 -0.98
275.00 62.14 62.51 62.38 62.34 62.67 62.28 62.47 62.47. -0.13
285.00 62.34 62.63 62.35 62.44 61.11 61.26 61.24 61.20 1.24
295.00 61.46 62.07 62.03 61.85 60.47 60.22 62.00 61.90 -0.05
305.00 61.96 62.29 61.74 62.00 62.54 62.19 62.22. 62.32 0.32

315.00 63.92 64.18 63.68 63.93 63.69 63.70 63.70 63.70 023
325.00 62.20 64.34 64.19 63.58 63.88 64.02 63.75 63.88 0.31
335.00 62.20 64.34 64.19 63.58 63.88 63.66 63.75 63.76 -0.19
345.00 65.03 64.78 64.68 64.83 64.34 84.50 64.12 64.32 0.51
355.00 64.92 64.89 64.55 64.79 63.95 63.73 63.63 63.77 1.02
365.00 64.65 64.09 64.31 64.35 63.82 64.49 64.06 64.12 0.23
375.00 61.78 61.84 62.00 61.87 61.15 60.81 61.62 61.19 0.68
385.00 63.18 62.84 63.21 63.08 61.57 62.07 62.43 62.02 1.05
395.00 63.71 63.79 64.11 63.87 62.65 62.57 62.84 62.69 1.18
415.00 62.56 62.99 63.19 62.91 6211 . 61.66 61.93 61.90 1.01
425.00 62.20 61.5 62.15 61.95 60.39 60.58 60.73 60.57 1.38
435.00 59.60 59.94 59.98 59.84 59.18 58.06 59.35 58.86 0.98
Mean of Differences 0.1809

Standard Deviation of Differences 0.5856
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‘The values of the mean and standard
deviation for the differences of the
-manipulator being present and not present
are smaller (about 1/5 the values) than those
found in a similar comparison of data
between a GTEM and an OATS.

*The manipulator can be used without
compromising the performance of the
GTEM for radiated measurements, at least
to frequencies of 500 or 600 MHz.

« It is likely that the WB TEM Cell can be
used without any calibration or correction of
the measured data to at least 1 GHz.

‘If the manipulator does begin to cause
inaccuracies in radiated emissions data, it is
likely that the data will be due to dielectric
losses, and thus can be corrected in the
correlation algorithm.

RECOMMENDATIONS

The following recommendations are made to
allow a final determination of the impact of a
manipulating device in WB TEM Cell radiated
emissions measurements.

+ Conduct additional testing to assure the
small values of the differences in the
manipulator measurements hold up over
frequency, to at least 1 GHz and preferably
to 5 GHz (or even higher).

+ Subsequent testing should be planned to

employ instrumentation with improved
accuracy.

‘Subsequent  testing should include a
variability assessment of the EUT.
SUMMARY

This paper has described the technical issues,
the measurements and the results of
measurements directed to the determination of
the potential error in radiated emissions
measurements in a WB TEM Cell due to the
presence of a dielectric material manipulator.

measurements  made with the manipulator
present and absent.
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"ADVANCES IN GTEM TO OATS CORRELATION MODELS

John D. M. Osburn and Edwin L. Bronaugh
The Electro-Mechanics Company
P. O. Box 1546
Austin, Texas 78767

ABSTRACT

The addition of a GTEM to OATS radiated emissions
correlation algorithm to a GTEM allows performance of radiated
emissions testing, equivalent to that conducted at an OATS, in
the GTEM [1]. The original correlation model and the
computational algorithm based on this model accurutely
addressed the measurement of radiated emissions to commercial
standards, over the frequency range of 30 MHz to 1 GHz [2].
This paper examines new additions and expansions to the
original model and algorithm  New additions include
measurements to  telecommunications  specifications,
measurements from 9 kHz to 30 MHz for electric and magnetic
field measurements and measurements to MIL-STD
requirements and measurements above 1 GHz.

INTRODUCTION

The Gigahettz Transverse Electromagnetic (GTEM) cell
was originally developed to generate intense electromagnetic
fields. It was the development of a correlation model that
allowed the use of the GTEM as an mstrumeni for the
: of radiated emissions measurements.  The

correlation model and the attendant computational algorithm
allowed the practical aspects of a GTEM to outweigh the
inconvenience of the OATS. This paper reviews the original
correlation model and the new developments that have expanded
the applicability of the GTEM into new areas.

STRUCTURE OF GTEM To0 OATS CORRELATION MODELS

An understanding of the basic structure of the
fundamental correlation is needed to follow the development of
the variations
of the improvements and new approaches described in this paper.
This section provides an overview of the general approach to
developing OATS based specification limit measurements in a
GTEM.
rurpose oi Correiation Modeis

The GTEM to OATS correlation algorithm is used to
cnablc radiatcd cmissions mcasurcments accomplished in a
GTEM to be compared directly to the radiated emissions

specification limits of any of the international specifications.
The radiated emissions values may be computed at different
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measurement distances, as needed, for determination of
acceptable radiated emissions performance.

General Structure of Models

In gencral, radiated cmissions accomplished using a
GTEM by measuring the RF voltages that appear at the GTEM
RF port, coupled from the EUT, as a function of frequency.
These measurements are accomplished with the EUT in three

orthogonal positions, centered in the measurement volume of the
GTEM. The three positions are assumed in a manner such that
the positive X, Y and Z axes of the EUL are sequentially
interchanged. The frequency, the three voltages measured at
each frequency, the height if the EUT under the septum , the
height of the septum over the center of the EUT the measurement
distance and the height scan range used for the test antenna
maximization search are inputs to the correlation algorithm.

At each frequency, the GTEM correlation algorithm
performs the following computations:

Performs a root sum of the squares summation of the three
orthogonal voltages,

Computes the total power ernitted by the EUT as
determined from the summation of the three
voltages and the TEM mode equations for the
GTEM!,

Computcs the currcnt cxcitation of an cquivalent Hertzian
dipole when excited with that input power,

Places the hypothetical Hertzian dipole at a specified
height over a perfect ground plane,

Computes the horizontally and vertically polarized field

- strength at appropriate height intervals over the
total, operator selected comelation algorithm
height, 1 to 4 meters,

Selects the maximum field strength (larger) value of the
horizomtal or wvortically polarized ficld strengths
over the height range selected,

Presents this maximum value for comparison to the
chosen EMC specification limit.



" Review of GTEM T0 OATS CORRELATION MODELS

—Remembering that the specification limits-arce-in-terms-of power -

input to a tuned dipole, it was apparent that if the correct X, Y

The original correlation algorithm is based on the general
calculation proccdurc described above.  Application of this
model to varying measurement situations has resulted in
development of new applications of the original model
Additional development of correlation theory is also described.

The Original Model — The Three Measurement, Three
Input Model

The original correlation algorithm model as described
above, was initially used for the comparison of GTEM and
OATS radiated emissions measurements. This model is
described as a three measurement, three input model. The
terminology used is meant to be descriptive of the measurement
and the correlation process. This model, the three measurement -
three input model is the fundamental model for correlation of
GTEM data to the OATS measurement. It is the basis of several
additional measurement - correlation schemes.

The Twelve Measurement — Three Input Model

This is an addition to the original correlation algorithm.
There are EMC specifications that have a differing requirement
than the direct comparison of electromagnetic field strength
produced by an EUT, as measured on an OATS or in a GTEM,
to a field strength specification limit. Other specifications call
for the measurement of a maximized specific emanation from an
EUT, and then physically replacing the EUT with a resonant
"standard” dipole tuned to the same frequency. The input power
to this replacement dipole is then adjusted to give the same
- indication on the measurement instrumentation as the EUT did at
that frequency. The specification limit values are in terms of the
powcr input to thc "standard" dipolc to producc the samc
instrumentation indication. The original correlation algorithm
canmot directly produce this output.

Fxperimentation with measurements to this specification
revealed thal the fundamental assumplion, that of the emanating
element in the EUT having gain no greater than a dipole, is not
sound - particularly as frequencies of the measured emission
increase above several hundred MHz. In particular, it was found
that the correlation algorithm answers were sensitive to the
starting point, or reference face, where the initial measurement
was made. This indicates that the radiating element had gain
greater than the theoretical Hertzian dipole used in the
correlation algorithm to replace the EUT. There are twelve
possible starting points for the three-position measurement, six
faces with two possible polarizations per face. The three input
correlation algorithm provides correct outputs to the correlation
process, if the face and polarization with the highest amplitude,
and the two associated faces at the Y and Z positions are used as
the correlation algorithm input.. Only one of these starting
points would give the correct answer as would actually be
measured on an OATS.

andZmputswereused,then,forthespecxﬁcoomlanon

algorithms where the EUT is replaced with a dipole, the proper
selection of the starting side allows the conmstraint of gain no
greater than a dipole to be met and still provide a correct answer.
The twelve-position measurement, three-input ocorrelation
approach was devised to allow the development of technically
correct answers, while maintaining the correlation algorithm
requirement that the emanating element had gain no greater than
the dipole.

The twelve-position measurement conmsists of the
measurement of all six faces of a cube enclosing the EUT in both
polarizations. Once the twelve measurements are made, the face
and polarization having the highest value measured is set as the
X, or reference, face and measurement. Since all faces were
measured in two polarizations, the information necessary to
complete the set of three inputs per the rules for the positive axis
interchange are available.  Given a specific order of
measurements, the Y and Z measurements corresponding to the
X measurement selected as having the highest amplitude are
input to the correlation algorithm.  All three inputs are extracted
from thc twclve-position measurcd data and these three related
measurements, with the other appropriate data are input to the
existing three input correlation algorithm. Since the presumption
is that the EUT emitter is a tuned dipole, the correlation
algorithm is accurate.

In addition, there is a modification to the correlation
algorithm to allow the computation of power to the dipole that is
producing the signal.

The Twelve Plus Four Measurement — Three Input Model

The next refinement is to address the assumption that the
EUT has gain no grealer than a short dipole, 2 numerical value
of 1.5. A variation on the twelve measurement - three input
correlation algorithm is to be introduced that allows an estimate
of the gain of the emanating element to be made. Starting with
the twelve measurements of the EUT, it is then possible to
identify the highest emanation from the EUT at any particular
frequency. Once this face and polarization is identified, it is then
possible to re-orient the EUT such that this face and polarization
is the reference face and polarization. Then, measurements are
made at the same polarization at an angle of + n/4 to the
reference face and at an angle of + /4 to the cross polarized
face. With these three points in each of two perpendicular
planes, it is possible to estimate the horizontal and vertical beam
widths of he emanation. From this information it is possible to
estimate directivity of the emanation. Since the input power and
the efficiency of the radiating element will not change, the
directivity is an estimator of the gain of the radiating element.
This gain estimation is used to replace the value of the gain of a
dipole in the correlation algorithm.

The assumption of gain of a dipole is replaced with an
assumption that the gain is no more than about 10 dB. If the
gain is large with respect to 10 dB. it may not be detected by the



ongmal twclvc-position mcasurcments. The additional four
"~~~ measurements are required o allow the estimate of gain to be
M%%ﬂl@—hfemﬁmrobt@ledfbmmfﬁdﬁimm
S measurements, the gain of the radiating element can be estimated

original dcvcloper Qf,,thc,,th-cc,,mcasurcmcnt—-r——t.hreeﬂ—inputr
correlation. This advanced model incorporates the near field
terms that make possible the measurement of electric and/or

to an approximate precision of + 2 dB.

The Single Measurement — Free Space Correlation Model

An additional approach is suggested in the recent
literature [3]. A wide bandwith 'I'EM cell was used to measure
the emanations from an integrated circuit, either in terms of the
far field electric field value, or to compute the electric and
magnetic free space dipole moments. In this case, only a single
axis measurement was accomplished, thus the moments
associated with the measurement are limited to one dimension

only.

Additionally, relative shielding
measurements have been reported [4].

effectiveness

Performance of thc Three Mcasurement - Three Input
Correlation Algorithm Above 1 GHz

There are complications in using the original correlation
algorithm in frequency ranges above 1 GHz These
compliwtiomaretmetothenauneoftheam:nnathatisbeing
usedforﬂ:eacéomplishmentoftherealworldmeasuremanon
an OATS. Ifthcrwommcndedanmnna(ahmnantenna)is
beingusedforther&lworldmeamremmr,oomparison
meistxrementsasoornpﬂ.nedbytheoorrelaﬁonalgoritthill
need to have the effect of the ground plane removed from the
measurement as the horn antenna is too directional to "see” the

" reflected component.

o Ontheothel'hand,ifalowergainm(mchasalog
paiodicantenna)isused,theeﬂ'ectofmegrmmdplaneshould
beparﬁaﬂyincluded,atleastinthclowerpo:ﬁonofthehciyn
swcbmngeoftheoorrelaﬁonalgmithm. When the log periodic
isusedasﬂwreceivingamenna,itwill"see”thedireatpmhand
gmmdplanereﬂectionpathsigmlsatthelowerheigmsofthe
requiredme-mfour-meterseardnheigtm As the height is
i:uused,lhelogpeﬁ&xlicanlcmamaym)lseeﬂlereﬂwtedpalh
sigmlandmayseeﬂmdirectpathsignalandﬁmllymaynotsee
either. Since the correlation algorithm output is sensitive to the
receiving antenna characteristics, the correlation algorithm for
this correlation may have to have a correction for this issue.

NEW DIRECTIONS oF GTEM 1O OATS CORRELATION
MODELS

The development of TEM cell and GTEM correlation
algorithm models is still in its infancy. Over the next several
years there will likely be many developments advancing the
stale-of-the-art in  correlalional algorithm models.  Two
improvements in coverage and accuracy ale listed below.

The Six Measurement — Six Input Model

A new correlation medel requiring either six or nine
measurements and six or nine innuts has heen nresented hv the

magnetic field values from 9 kHz to 30 MHz.

Extension to the Single Measurement Model

Examination of the single axis models led to a differing
development. It appears possible that the single axis approach
can be used to allow performance of the equivalent of MIL-STD
RE102 measurements in a GTEM. In the past, it had seemed
difficult to develop a specific mathematical model incorporating
the effects of the six surfaces of a shielded enclosure, the metal
lop lest table and the EUT and its mulliple images. As a
pragmatic alternative, a calibration is possible for the correlation
of single axis GTEM measurements to a specific, or even

' multiple shielded enclosure(s).

A standard radiator can be installed in a GTEM and a
single axis voltage measurement performed. The same standard
radiator would then be installed in a shielded enclosure in a
standard position. A Method RE102 test would be performed.
The data from the shielded enclosure, corrected to field strength
values will be used to derive a calibration factor for the GTEM
voltage measurements. This calibration factor would he applied
to the GTEM single axis data to produce a GTEM equivalent
MIL-STD-462measurement.

THE FUTURE oF GTEM TO OATS CORRELATION MODELS

Based on the directions in correlation algorithm
development and the need to provide new and novel uses of the
GTEM it seems that the GTEM to OATS correlation models
will continue to be developed and as additional EMC
measurement applications are defined, the flexibility of the
existingmodelswillbeusedtoapplyﬂleconelaﬁontedmology
to these new applications. The original three input model, with
the addition of additional measurements allowed the GTEM
nmsmunentofEUl‘tonewanddiﬂ‘e:mtlyorganized
specifications. Tt is anticipated that the new six input correlation
a]gaillnnwillumlcrgollnmprmﬁwle@amiunlothc
enensiontothenewsixnmsmunem-sixinputmodel.

SUMMARY

In this report on GTEM correlation models and
algorithms,anananpthasbeenmadetoprovideanoverviewof
the current status. The GTEM, as an EMC measurement
instrument, is in the earliest stages of development. It will grow
to a versatile general measurement instrument over the next
several years.
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"~ "BASED ON DATA OBTAINED IN A NOVEL BROADBAND TEM CELL

P. Wilson, D. Hansen and D. Koenigstein
ABB EMI Control Center
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ABSTRACT

A new type of EMC test chamber applicable to both radiated
emission and susceptibility measurements is discussed. The
design is essentially a TEM-cell anechoic-chamber hybrid. A
steady input power will generate an almost constant field (better
than +/- 4 dB) anywhere in the recommended test volume from dc
to frequencies exceeding a gigahertz. Susceptibility testing is done
as in a normal TEM cell. Emission testing models test object
radiation as due to an equivalent set of muiti-poles (in essence
clectric and magnetic dipoles). The multi-pole components are
determined through a sequence of measurements. Once found, the
multi-pole model may be used to predict test object radiation both
in an ideal free space and above a perfect ground screen. In this
manner time consuming emission measurements, such as those
required by FCC Rules Part 15 Subpart J or VDE 0871, may be
simulated numerically. Both experimental and theoretical data are
presented.

1. INTRODUCTION

This paper discusses a new type of EMC test chamber applicable
1o both susceptibility and emission measurements for frequencies
from dc to above a gigahertz. The chamber is in effect a hybrid
between a TEM cell and an anechoic chamber. The new chamber
seeks to overcome the frequency and size limitations inherent to a
standard TEM cell while retaining its basic advantages.

A standard TEM cell consists of a section of rectangular coaxial
transmission line tapered at each end to mate with standard (50
ohm) coaxial cable. Thus, a TEM ccll connects directly to the
generator/receiver. No separate transmitting/receiving antennas are
required. The TEM mode simulates a free space plane wave for
susceptibility testing. A TEM cell is well isolated from outside
ambients and allows one to measure very low radiated signal
levels. Conversely, a properly constructed cell will not itself be an
interference source. TEM cell design and usage is well docu-
mented (1].

The primary limitation to standard TEM cell usage is the size of
the test volume which is inversely proportional to the upper
operating frequency limit. The upper frequency limit is determined
by the apperance of higher-order modes which perturb the desired
TEM mode field distribution. The cell tends to act as a high Q
cavity and the higher-order mode induced resonances can cause
large variations in the field level versus frequency. This occurs
when the cell width is on the order of a half wavelength. The test
chamber height (the height from the cell floor to the inner
conductor) in 2 normal TEM cell is half the cell width (assuming a
square cross section). Thus, the test chamber size in a standard
'I'EM cell is limited to approximately one quarter of the smallest
desired operating wavclength. If testing up to 1 GHz (30 cm
wavelength) is required then the above arguement would limit the
test chamber size to 7.5 cm. This is clearly too small for most
practical applications.

An alternative to the standard design is the tapered TEM cell
shown in ﬁgug'c L. It consists of a section of gently flared rec-
tangular coaxial ransmission line terminated with a matched
load. The end termination is the truely unique feature of the cell. At
low frcqucncx.cs 1t operates as a circuit element 50 ohm load. At
high frequencies the absorber attenuates the incident wave as in an
anechoic chamber. The crossover between these two regimes
depends on the cell size and the absorber length. The broadband
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match provided by the termination acts to supress the creation of
higher-order modes. The absorbing material significantly reduces
the Q of the chamber; thus, what resonance effects that do exist
tend to be small. The end result is a field uniformity of better than
+/- 4 dB versus frequency (dc to 1 GHz) in the test chamber of an
empty cell. These cells have been given the name "GTEM" cells to
emphasize their gigahertz capability.

Radistee Svsceptibibly

Tesl-Genarslor:
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Fig. 1 A tapered TEM cell (GTEM cell)

The design criteria for such tapered cells have been presented
previously [2]. Cells have been constructed with test chamber
heights of 0.5 m, 1.0 m, and 1.5 m (ABB models GTEM 500,
GTEM 1000, GTEM 1500). These are suitable for printed circuit
board through box level testing respectively. The inner conductor
is vertically offset to create a larger usable test volume. These cells
have proven themselves to be valuable engineering tools greatly
aiding in the everyday EMI diagnosis of clectronics. GTEM type
cells have also been recognized in several standards, such as VG
95903 (Part 50). The basic concept may be scaled. Larger cells
capable of rack level or automobile testing, are presently under
study.

This paper will focus on emission measurements performed in
GTEM cells and how the data may be correlated to either free
space or ground screen results. For susceptibility measurements,
the cell may be used to simulate an incident plane wave, The
measurement approach would be similar to that for a standard
TEM cell, ground screen or anechoic chamber. Figure 2 shows
typical field uniformity data. The vertical electric field and
horizontal magnetic field were measured on the floor of a GTEM
1000 cell (final test chamber height 1.0 m) at the point where the
inner conductor height was 0.8 m. The two field probes were
offset from the cell center by 5 cm. The field uniformity in both
cases is +/- 4 dB even beyond 1 GHz (the measurement system
was limited to 1.8 GHz; the low frequency noise is due to the
measurement equipment not the cell). The width of this cell at the
measurement point is 1.6 m. Thus, higher-order mode effects
pose a potential probiem above approximately 94 MHz. However,
no significant resonances appear.

As in a standard TEM cell, the introduction of a test object will
perturb the ficlds and excite the undesired modes. But this is the
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case in any test environment. The scattered TEM mode will

positions are required to determine the magnitﬁdés;f the electric
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the cavity (as compared to 2 normal TEM cell or shiclded room) if
the test object size is not too large. Typicaily, the recommended
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Fig. 2 Field univormity as measured in a GTEM 1000 cell.
The low frequency noise is due to the measurement
system.

2. EMISSION TESTING IN A GTEM CELL

The typical reference environments for radiated emission testing
are free space or a large ground screen. However, TEM cells are
transmission lines. Thus, GTEM emission results need to be
correlated to these environments if data is to be meaningfully
compared. The approach taken here is to model the DUT as a set
of multi-poles. At frequencies where the device under test (DUT)
is small when compared to a wavelength, the equivalent clectric
and magnetic dipole moments usually suffice. This method has
been successfully used to predict free space radiation based on
measurements in standard TEM cells [3-5]. We have extended the
analysis to the case of DUT radiation over a ground screen. The
basics of the multi-pole approach will be reviewed next. The
actual mathematical details are left to the appendix.

Any finite sized current source can be modeled by a multi-pole
expansion which will yield the same radiation pattern outside
some volume containing the source. The analysis is greatly
simplified if only the far-field pattern is considered, as will be
donc here. If the source is electrically small, then the initial terms
of the expansion are sufficient to accurately reproduce the radi-
ation pattern. The leading terms arc the electric and magnetic
dipole moments. The radiation of both dipole types over a
ground screen has been considered. The resulting equations
enable one to model any dipole height or orientation over the
ground screen and then compute the radiated fields. By combining
the DUT equivalent dipole moments we can also predict the ficlds
due to the DUT for any arbitrary configuration. In this manner one
can simulate by computer radiated emission qualification tests as
prescribed by FCC Part 15 Subpart J or VDE 0871 regulations.
These types of emission measurements are very time consuming
and thus costly. In addition, background noise at a typical open
area test sitc may make meaningful testing impossible. Thus,
GTEM emission testing is a valid alternative, subject to the
limitations of the multi-pole model described. The details of the
multi-pole model and dipole radiation over a ground screen are left
to Appendix A.

The actual DUT equivalent dipole moments, electric and magnetic,
are determined through a sequence of GTEM measurements. In
essence, the DUT is rotated through the TEM mode so that
different dipole moments are strongly coupled. Twelve DUT
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and magnetic dipole moments. The GTEM cell, as opposed 1o a

information is available. It is assumed here that the various dipole
moments are basically in phase. This assumption should not be
overly prohibitive as most DUTs tested for EMC purposes are
unintentional radiators and strong phase differentiation is not ex-
pected. The details of multi-pole radiation in 2 GTEM cell and the
measurement sequence necessary to determine the dipole moments
are left to Appendix B. A much more detailed development of this
formulation may be found in [6], as well as in the references
already cited.

3. MEASURED DATA: THEORY VERSUS
EXPERIMENT

The theory discussed above will now be applied to sample sources
in order to verify the usefulness of this approach. We first
consider a small self-contained spherical dipole which is a very
convenient reference source for site comparisons {7). It consists
of two gold-plated aluminum hemispheres, 10 cm in diameter,
which are driven by an internal comb generator based on a 20
MHz clock. It is capable of generating useful 20 MHz harmonics
up to 1 GHz. Also, its size is such that it is the electrically small
over most of the bandwidth of interest here.

The spherical dipole was first tested in a GTEM cell as an
unknown radiator and its equivalent dipole moments were
determined according to the sequence outlined in Appendix B. As
expected, the GTEM cell tests indicated that it acts primarily as an
electrical dipole oriented along its polar axis. However, it does
show some lesser magnetic dipole components as well. Quite
likely, the metal hemispheres are not thick enough to shield all the
direct radiation from the internal circuitry itself. But here this is
not a problem since we treat it as an unknown source and it need
not be a perfect spherical dipole.

These dipole moments were next used to predict how the spherical
source would radiate above a ground screen based on the
equations given in Appendix A. The parameters chosen were;
height above the ground screen of 0.86 m, spherical source to
receiving antenna separation of 10 m, and receiving antenna
heights of 1-4 m in 1 m steps. Both the horizontal and vertical
electric field were predicted. The frequency range considered was
30-1000 MHz. This configuration is representative of a VDE 0871
radiated emission test for Class B’ information technology
equipment (ITE). It should be noted that the computer program
requires negligable time to perform this calculation and plot the
predicted emission data.

The spherical radiator was next measured atop the ABB Baden
roof top ground screen. The parameters were kept the same as
above, except that in the vertical electric field measurement the
receiving antenna heights were 2-4 m. The | m height measu-
rement could not be performed as the antenna was too large. Ac-
quiring this data took an experienced engineer the better part of
two days. Each signal had to be identified against considerable
noise by using a very narrow band setting on the recciving
equipment. Figure 3 shows the ambient horizontal electric field
(noise) 4 m above the ground screen. Local transmitters emit
significantly in certain bands as may be seen. Also a number of
occasional transmitters and nearby construction noise were also
noted. In this case we knew where to look for the desired signals
(20 MHz harmonics). For unknown, broadband sources it is often
impossible to identify the DUT signal amidst the ambient noise on
the ground screen.

The two sets of measurements are compared in figures 4-5. Figure
4 shows the horizontal electric field data, both GTEM predicted
(4a) and measured on the roof top ground screen (4b), while
figure 5 shows the predicted and measured vertical electric field
data. In each case the spherical source was oriented for maximal
coupling. Data points exist only at multiples of 20 MHz. The
points are connected to show the individual receiving antenna
heights more clearly. In the horizontal electric field case (fig. 4)
raising the antenna increased coupling at the lower frequencies
(less than 400 MHz) while in the vertical electric field the lower
receiving antenna position yiclded the highest field. This basically

ESSIONA4A—

cll, is a.one port device. Thus; no relative phase———
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Fig. 4 Horizontal electric field radiated by a spherical source

as measured over the ABB Baden rooftop ground screen
(upper curve) and as predicted based on GTEM measu-
rements (lower curve). Actual data points are every 20

'!‘hc source height is 0.86 m, the source to receiver
separation is 10 m, and the receiver height is varied from
1-4 m (1 m steps).

The agreement between the GTEM predicted data and the actual
ground screen data is very good. The same model may also be

used to predict the

free space radiation and the total radiated

power.
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indicates the boundary condition at the ground screen (horizontal 70.00
——————————— clectric field equal to zero). At higher frequencics, the wavelength -~ —— &
is sufficiently small that we see complicated interference effects > 60.00 - maw,
between the source and its image. 250.00 ~ANUA 2NV
* st 7
=70.00 UQO.OO / \\" vvnn\% A%
~ - 2 m / v N}
>s0.00 830_00 (3 m VAL, 4
2 l — 4m \j
550.00 ~-20.00
—y0.00 >
o 40- | ! >10.00
=30.00 f i uJ‘ = 0.00
Q
~20.00 3 —.10.0
- - 10° i0®
[ 5%
ote.00 ¥ Frequency (MHz)
0.00 70.00 ——
- £ i
0.0 > 60.00 wAY -
o’ 1o’ =50.00 AL A7V P
Fr‘equency {MHz) o 4 HRAVA A Al A
40.00 2 "',/ ! \ !
Fig. 3 Ambient noisc (horizontal electric ficld, 4 m height) S, P V A
at the ABB Baden rooftop ground screen. ©30.00 ¢ 7 \
“—20.00
£70.00 b !
> A >10.00
>60.00 v
2
a = 0.00
©50.00 /f ; -
-10.0
< 40.00 7 - n { 10? 10
=30.00 N \\\l/ o) Frequency (MHz)
s el v Fig. 5 Vertical electric field radiated by a spherical source as
M20.00 13 measured over the ABB Baden rooftop ground screen
« 2 = (upper curve) and as predicted based on GTEM measure-
21000 ments (lower curve). Actual data points are every 20 MHz.
0.00 The source height is 0.86 m, the source to receiver sepa-
— | f ration is 10 m, and the receiver height is varied from 24 m
—-10.0 e 0 (1 m steps).
Frequency (MHz) The full dipole model requires that the DUT be rotated through a
12 positioni GTEM test sequence. As outlined in Appendix B, if
€70.00 T v ] only the total radiated power is desired, 3 unique measurements
=¢0.00 [ l | AN ol | positions in the GTEM cell will suffice. This will not allow one to
o5 l /\VA V T ] predict the full DUT radiation pattern. But we may use total
Cs0.00 _ e /\/M Y W radiated power to place a reasonable bound on the potential DUT
W —\ // i radiation. An unintentional radiator is unlikely to have greater gain
~40.00 S AL than that of a dipole antenna. Thus, the maximum radiated field
Bt //\LV \V/ / \ should not exceed that of a dipole radiating the same total power,
<30.00 74 ¥ T when that dipole is oriented for maximal coupling. In the case of
2 /7 I \ ] | the horizontal electric field this will be a horizontal electric dipole
. .—20.00 3 my y ' and similarly a vertical electric dipole will generate the maximum
: 2 I [ { |
B St0.00 1 : vertical electric ficld. In short, the total radiated power as mea-
i T | ! }l sured in a GTEM cell is used to bound ground screen radiation.
: 0.00 . -
w ! { ! i ' it As an example of this approach, a widely available PC was tested.
—-lo.o o o The total radiated power was first determined based on emission

measurements in the GTEM 1500 cell (3 orientations). These
curves are stored in a computer and correlated to 2 VDE 0871
Class B configuration using the equations developed in the
appendix. The result is shown in figure 6 against the VDE 0871
limits. Recall that the predicted curves, horizontal and vertical,
represent worst case envelopes. Thus, based on this data we
would expect this PC to pass VDE certification tests. In fact, it
carried a label to this effect. The dark area above 200 MHz
represents the nominal noise floor (correlated) for the particular re-
ceiving equipment used to make the GTEM measurements. This
could be lowered by using more sensitive equipment than was
available for these tests. Also note that the vertical and horizontal
bounds converge above 100 MHz. This indicates that the ground
screen no longer strongly affects the maximum field strength and
in each case we are probably secing the direct coupling bound.
The whole measurement is automated and requires about one-half
hour using a very slow sweep time.
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s L TP T [Arpendi A MalsPok Radiagorin Fres e over ] -
electrical fleld Ground Screen )
0 1: vertical -~ L .
T 2: horizontal A radiation source (DUT) in free space is depicted in figure Al. A
> 117 spherical coordinate system (r.8,9) is centered at the source.
é 40 T T —— Observation points will be designated by the vector T Source
3 V?E 0871 RE B Limits | | Lot points will be designated T'. We will restrict our attention to the
E 20 | i |L.I "l"i |{li& e far_-ﬁcldzoncwhq'c I?—irl“f—f-?,r=|?|,and/\dcn0[csa
L | A |i| i 4 il unit vector. This both simplifies the analysis and represents the
8 1014 ' l ' ‘ ’ i primary case of interest.
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Poor ol -
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Frequency ( MHz ) r

Fig. 6 Simulated VDE 0871 Class B radiated emission test for a
PC based on GTEM measurements. Both the horizontal
and vertical electric cases are considered. The simulated
data represent upper bounds based on maximal coupling
assumptions.

4. CONCLUSION

The great advantage of the GTEM multi-pole approach is that,
once the multi-poles are determined, a ground screen simulation
can be done numerically. Thus, the orientation of the DUT, the
height and orientation of the receiving antenna, the separation of
the two, and so forth can all be changed by the computer program.
This allows one to simulate VDE and FCC emission tests in a
fraction of the time it would take 10 acquire real data. The primary
limitations to this method are that accuracy is dependent on the
DUT being electrically small and that the DUT must be physically
rotated in order to determine its equivalent dipole moments.
However, for a wide range of DUTs this method should be an
attractive, time and cost saving method for radiated emission
testing.
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Current Source J(i")

Fig. Al. Radiation source in free space

The electric E(F) and magnetic H(Y) fields due to a current

density J(¥) distributed over a volume V may be determined
from the usual vector potential formulation;

1 0 -Jk olr'rl
A@M)= G‘{T(?)c—rf——_ﬂ_d‘/'

jwe oE(f) = VxH(F), and
B H(® = VxA(T),

(A1)

where €, and W are the free space permittivity and permea-
bility, k, is the free space wave number, and an exp (joot) tme

convention is assumed. In the far-zone, the exponent may be
approximated as described above and the source to observation
point distance in the denominator replaced by r. Thus,

- B N N 4
A(M) = g f() T(De dv, where
v (A.2)
-jk r
0
f(r)= %=

If the current source is electricaily small, then the exponential in

the integral may be expanded in a Taylor series about kOP -7
Retaining only the leading two terms yields

- u -
A) ~ % £(r) \I,J(?')[1+jkoi’- 7]av 3)
(A.

B - - - -
= 22 £(0) ! {7+ 3k [@xDxp+ ¢ DT + - 7] } av.

Defining the electric dipole moment P, the magnetic dipole

moment M, and the electric quadrupole dyadic Q in the usual
fashion [8], we find that

A= 52 fr) {P-jk M+ 3k QF }

4n 0 2700 (A.4)
This basic derivation appears in [3). The various muiti-pole
moments are allowed to be complex to account for possible phase
differences between the individual components.
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We will next consider the far-zone radiaton duc to P and M.

----The-quadrupole-contribution-is-expected to-be-small-and-will be

neglected for reasons discussed in Appendix B.

ducting ground screen is a negative charge. Thus, thc?niagc,of a__ .
“perpedicular electric dipole is in the same direction while the image

We begin with an analysis of the ficlds due to the electric dipole.
Equation (A.4) indicates that as the frequency approaches zero
(kq —0) the electric dipole will represent the dominant contri-

bution. We derive only the radiated electric field since this is the
usual field quantity measured; the magnetic ficld may be found via
the wave impedance (far field).

The electric dipole contribution to the potential A(T) is given in
(A.4) in terms of spherical coordinates. The resulting electric field
may be found from (A.1). However, the result is best expressed
in rectangular coordinates since this will facilitate the introduction
of a ground screen. Performing the required vector algebra we
find that in the far ficld,

k.n
2 = _ 200
EP(r)" 174z

f(r)F p(T P A.5)

where now
T =(xy2) P=(x Py.Pz), 1,=120m p?= (x2+ y?), and

2,2 y2
?P(F,')=Q{P e y—]-p Z-p ﬂ]
prrt p

(]
[

r rp (A.6)
2
Xy yz p
+2[—P,7—P,—;+ PZZ]

It is now a relatively easy matter to introduce a ground screen.

z .
f Observation Point
z=h D T,
DUT
T
FZ
7 7 7 7 7 T T

z=-h [] Image DUT

Fig. A2, Radiation source over a ground screen

Referring to figure A.2, let the dipole P be at a height h above a
perfectly conducting ground screen located in the z=0 plane. This

requires that z be replaced by z-h in the expression for T:P . The
field point will again be designated T . The fields at T will be due
1o both the real source and an image source located a distance h

below the ground screen. The vector paths between the
observation point and the source and image points are designated

, and T, respectively. The source dipole components are (Px,
Py P2 ). The image of a positive charge about a perfectly con-
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of & parallcl dipole is reversed. As a result, the image source P,
will have dipole components (-Px ,-Py Pz ) and the electric field
due to the image source is given by F. (T, '151). Combining
results the total electric field E,(T) may be written

% =Ko (= o E (5P
EP(r)z —j ype {FP(rl'P) f(rl)+FP(r»P1) f(rz)} A7)
where

n=(y.z=h)r =|7
F2=(x,y,‘z+h), and r2='F

(A.8)
A

The magnetic dipole case may be similarly analyzed. One finds
that

2

- kono - -

EM(r)_ an f(r) FM(r-M) (A.9)
where M = (M My .Mz ) and

- _ = z y Z X
FM(r,M)=Q{My ?—MZT]‘f S-Muf M T (A.10)

Yy X

+2[Mx7 - My?] .

Mimicking the electric dipole analysis, we now introduce a ground
screen at a height h below the magnetic dipole. The ground screen
is located in the z=0 plane as before. The direct magnetic-dipole
far-zone electric field may be found from cgs. (A.9-A.10) simply
by replacing z with z-h. The ground screen will also introduce an
image source. If we think of the dipole as due to ficticious
magnetic charges which retain their polarity when imaged about a
perfectly conducting ground screen, then the image dipole 1_\4'
will have components (My My ,-M_ ) respectively. Thus, the
electric field due to the image dipole mdy be found from I—:M by
replacing z with z+h and M with Ml . The total electric field

E m(T) due to a magnetic dipole over a ground screen is thus;

k2n

By (=L IF, 7. W) f(r)+F (T, MDE(r)} (A.11)
Combining results we find that the total far-field electric field due
1o the clectric and magnetic dipoles is

EM=E M +E,® A1z

One may also show that the total power Po radiated by this
source approximation is

_ 2{—2 2% 2}
Py= 10k { [Pl + kM| (A.13)

Appendix B. gculu'-Polc Radiation and Determination in a GTEM
11

Given a current source, in a GTEM cell shown in figure B1, the

-t g
fields E and H  excited in the waveguide may be expanded in

. =t -t
terms of the normalized waveguide modes E , and H
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Here, 6 denotes an origin chosen in a coordinate system r local to

the source volume. It may or may not coincide with the waveguide

coordinate.system. Subject to this approximation, the excitation

L
N
3
——
Wlole m  lol,
- 2a
Fig. B1. Radiation source in a GTEM cell
E =2( )En and
al b (B.1)

n
-t a,\ .+
H = H
L

where £ indicates the direction of propagation from the source,
and ap, by are the forward (+) and backward (-) excitation
coefficients respectively. Let z be the direction of propagation and
let z=0 be referenced 1o some suitably chosen origin in the source
volume. The normalized waveguide modes may be written

=t 5 tjknz

Ep=(@utZepe * and (B.2)
ot - ik

H = (xR +%h e ™,

where k,, is the propagation constant of the nth mode. The
transverse field components Em and Em are related via the
admittance dyadic -Y—n .

hm= Yn ’ Em

and Y, =39 -29)
n ; (B.3)

where Z , is the wave impedance of the nth mode. The ortho-
normal condition takes the form

ffe_ xh ] 2ds=8
s[c'“x ol 245 =8 (B.4)

where the integration is over the cross section S of the waveguide
and 8, is the Kronecker delta function.

The excitation coefficients are related to the current source via

(

where T is the current density. The excitation coefficients may be
simplified for application here based on two conditions; 1) the
source is electrically small and 2) the modes of interest are nearly
uniform over the source volume. The former restriction justifies
retaining only the leading multi-pole terms. The latter condition

a o .7
o )=— %‘I]J(?) £ (v,

(B.5)

=t .
allows us to expand E |, in terms of a Taylor series about the
source volume origin and keep only the first derivative correction,

'Ef,(?)- Ei(6)+ 7 VET,(B) ) (B.6)
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coefficients become

(

a
b:)=— 1{f‘:f(a)- [T@dv +
A\

_F - i
{,[?- VE,,(&]- J(?)dv} @D
The first integral may be recognized as the electric dipole moment
P. One may show that the second integral is related to the
:gagnctic dipole moment M and the electric quadrupole moment
Q [3,8], with the result that

a -F - -F
(5)-3H{E® P-xp,H@-
< -F_ = (B.8)
M+1vE @3}

If the electric field is perfectly uniform over the source volume,
such that VE(G) = 0, then the electric quadrupole moment is not
needed and will be ignored here for simplicity.

We are primarily interested in the dominant TEM mode (n=0).
For the TEM mode both gz and hyz are zero and the the wave

impedance takes the free space value 1 ;. Expanding the various
field terms we find that

_F
E ()= 8¢ 5 (0) + Je (0, (B.9)
_F

H(0)= £ 8¢5, (B) F e (;(0) ort (% oy (0) = Je (@)

Substituting these results into (B.8) yields
2, 1
(62)7- 3H[PstE M) ca®+
[Py F M ]eoy®)

This result is perhaps more general than nceded here. Typically,
the DUT will be located centrally in the test chamber (x=0, see fig.

B.1). In this case e . (6) =0 and (B.10) reduces to

(B.10)

(a°)=——l-[P Tk M,] €0y(3)
b, 200y x} “oy ) B.11)

Because of the particular normalization chosen, the powers carried
by the TEM mode in the forward and backward directions are

2 2
simply [Fd” and |b{ respectively. It is, in fact, the power that
is actually measured in the proposed scheme to determine the
dipole moments.

Each of the three complex components of P and M represent two
unknowns. Thus, we necd to determine a total of 6 complex quan-
tities or 12 unknowns, in order to fully specify our two term
multi-pole expansion. Clearly, a number of GTEM measurcments
are required to generate sufficient independent equations.

Similar measurement procedures have been developed for a
standard TEM cells [3-5]. The basic approach is to rotate the DUT
about an axis, typically the longitudinal axis (direction of TEM
mode propagation), through a sequence of ®/4 angular steps. A
local coordinate system (x',y’,z") is assigned to the DUT and in
turn each local axis is aligned with the TEM cell longitudinal axis.

[ L.
Nl Nyl BV B-B—— - N——— -



—strongly coupled-to-the-vertical component-of the-electric field-or -

In this manner, cach of the dipole moments is at some position

the horizontal component of the magnetic field. Clearly, this

,---.»- QRN

approach gencrates numerous equations; solving these for the in-
dividual moment components, magnitude and phase can be te-
dious.

This paper will assume that the dipole moments are in phas.c. In
general, this should not be an unrealistic restriction. Unintentional
radiators are not likcly to be designed such that they act as highly
directive antennas, or such that they have complicated phase
differentiation in their radiation patterns. More typically, we
expect a box with possible seams and protrusions but with the
currents basically in phase.

In a mathematical sense, rotations about any of the axes arc
equally simple. One need only introduce a rotation angle and
perform the necessary bookkeeping. However, physically it is
casiest to rotate about the vertical axis, especially when dealing
with bulky DUTs. Unfortunately, the electric ficld in a GTEM cell
is primarily vertical as well. Thus, a rotation about the vertical axis
only weakly changes the electric field coupling. Consequently,
previous TEM cell schemes have used longitudinal axis rota-
tions.Nontheless, rotation about the vertical axis will be consi-
dered here.

The TEM mode will be excited according to eq. (B.11). The apex
will be chosen as lying in the forward direction; thus, we need to
consider the effect of a rotation on a,. We first introduce a primed
coordinate system which is referenced to the DUT. The rotation
angle is designated @ . In terms of the DUT primed local
coordinates, the GTEM coordinate multi-pole moments become

M,=M ,cosa+M  sina, and P, =P,
X 4 Y y

(B.12)
Thus, as a function of &, ay(a) is given by
a(a)= —JZ—{Py,—jkoMx, cos a —
M . sin a}c oy(® (B.13)
The power measured by at the cell apex will thus be
ol B.14)

We take measurements at four positions (multiples of ®/4 );

2
o] = P2, + kM,

2
" _p2 1,22 1.2,2 2
!50(4)| Py,+ 2k0Mx’+ 2k0Mz’+ kOMx’Mz'

2
T
"50(—2-)| =p? +k*M2 , and
y 02

(B.15)

|5- L 2.2 2 2

S0 122 _

o) P+ kM + ok M - kM M
where ~ denotes normalization by — l7030),(5%
If we subtract the last two we additionally have
l{ < (5 ~ 3% 2
2 la°(T)I N aO(T)l =k0Mx'Mz’ . (B.16)

EC notation xx' is introduced to denote the axis alignment; also
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2 2.2
sz,—-Py,+koMz,. and
M, .=kM M

3Iax’ T 0 x

In this case the x' axis is aligned with the x (GTEM cell) axis. For
the cases where the y' and z' axes are aligned with the GTEM cell
x axis we find that

2,22 2 .22
M =P, +k M, =
Ixy z 0y Mlxz’ Px'+k0 z
52,22 52 2,2
M, =Pyt KoMy, M, =P+ koM., ®13)
— Kk 2m2 .2
M3xy,—k0My,Mx, ,and M3xz’—k0Mz’My'

These equations may now be used to solve for P and M,
beginning with M. We find that

M, .M M M_
Mx:= 3);1( 3xy My,= 3;y’ 3xz and
k01“3)(2' k0M3xx’
M = M3xz' Ixx’
- 2
z KM,
0 3xy (B.19)

Having found the M components we may solve for P;

2,,2 2,2

Px' - Mlxz’ - kOMz’- M2xz'— kOMy' '
2.,2 2,2

Py’-l\dlx ’_kOMx T Taxxt T k z’ and (B.20)
2.,2 2,2

l:’z' - Mlxy' - kONI y M2x)’_ kOMx'

A difficulty is that some of the M components may be zero in
which case (B.19) would involve dividing by zero. Thus a

program to solve for M must first check to see if any of the
M 308 values are zero. If so the equations simplify and the
solution is not difficult. We also note that in the notation just

developed the total radiated power Po (no quadrupole contri-
bution) is given by

- 2 N
Po=10kIM, +M, +M .} B.21)

= lOké{M 2o Moy P Mp}



ON SIMULATING OATS NEAR-FIELD EMISSION MEASUREMENTS
VIA GTEM CELL MEASUREMENTS

P. Wilson
EMC Baden Ltd.
c/o ABB Research Center, CH-5405 Baden-Dacttwil, Switzerland

The use of a GTEM cell for both near field and far field radiated
emission testing is considered. The approach is to model the
mdmnonﬁmnthcdcwcemxierm(mn)asdmmaneqmvalmtsct
of multi-pole moments. A sequence of three, six, or nine GTEM
measurements are used to determine the equivalent multi-pole
moments for a particular DUT. The multi-pole model allows one to
predict both the DUT free space radiation pattem and the DUT
radiation over a ground screen. The correlation between GTEM cell
and open area test site (OATS) measurements for the far field case (>
30 MHz, 3 m distance) has been examined previously. This paper
considers correlation of sources in the near field (< 30 MHz, 1 m
distance). Agrecment between OATS data and GTEM cell comrelated
data is very good, better than 2 dB.

Introduction

Any finite sized radiation source may be replaced by an equivalent
multi-pole expansion which gives the same field pattern outside some
volume bounding the source. If the source is clectrically small or if it
consists of simple radiating elements, then the initial multi-pole
expansion terms should yield an accurate radiation pattern
representation. The approach here is to determine the leading multi-
pole terms for a given DUT via GTEM cell measurements. These in
turn are used to predict the expected free space and ground screen
radiation characteristcs, including simulated FCC/VDE emission
measurements. Both near- and far-field terms are considered.

The basic method has been developed previously for the case of
standard two port TEM cells [1-3], as well as for three orthogonal ~~
loop antennas [4]. Thus, some of the basic derivation need only be
outlined. There are two primary differences between the present
work and that derived previously. These are; 1) the GTEM is a single
port device as opposed to a standard two port TEM cell and 2) the
radiation of the multi-pole expansion will be considered over a
ground screen, as well as in an idealized free space.

Previous work has established a comrelation between DUT
radiation in a GTEM cell and DUT far ficld radiation over an infinite
metallic ground screen based on a three position emission
measurement sequence [5-7]. The procedure is to first determine the
total radiated power from the DUT under the assumption that the
DUT is well modelled by the a sct of three orthogonal electric dipoles
and three orthogonal magnetic dipoles. Three positions are not
sufficient to determine the individual morments of these six dipoles;

2
- Kz{ _y :;Zz
E,= KB{ r{ g(DP, +[- ;
2
E, = Kg{§ 5P+ 5 Y2 g (r)P, +[-2

22
H 2 g,(r)k M, +[—

Kuf >

2 2
H KH{[ yl':Z

H,= KH{ g(nk,M +—gl(r)k M, +[—-

CH3310-0/93/0000-0011 $3.00 © 1993 IEEE
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thus, a detailed DUT radiation pattern cannot be calculated.
However, it is noted that maximum far-field levels would occur if
only a single dominant dipole (of the six possible) were the source of
the total measured radiated power. Therefore, if it is assumed that
only a single dipole is radiating (with the same total radiated power)
then the actual DUT radiation should be reasonably bounded. This
assumption is valid as long as the DUT gain is not considerably
above that of a short dipole, which should be the case for
unintentional radiators [8]. Note that the maximum gain of a short
dipole, gmax = 1.5, is not too different than that for a resonant half-
wave dipole, gmax = 1.64; thus, even electrically large structures are
potentially well represented if they behave like a set of simple dipoles.

In the far field only the electric field is measured and it is not
important whether the source is electric or magnetic in nature.
However, in the near field, this is not the case. An electric dipole will
create high impedance fields and a magnetic dipole will create low
impedance fields (with respect to the 377 Q far field wave
impedance). Thus, it is not sufficient to measure only the total
radiated power. We need also to know the type of source being
measured in order to predict the near ficlds. Thus, a modification of
the far field three position sequence needs to be considered.

This paper will investigate GTEM cell six and nine position
emission measurement sequences. The reason for considering more
positions is that the individual dipole moments can be determined
(min. 6-equations vs. 6-unknowns). Knowing the individual clectric
and magnetic dipole moments should yield; 1) more accurate DUT far
field antenna patterns and 2) estimates as to the DUT near fields.
Again, as in the three position model it should be noted that no
absolute phase information is available for such a one-port
measurement; thus, we again assume that the dipoles are in phase.
This is usunally not a severe restriction since, typically, one dipole
component will be dominant and its phase relative to other

ents is uni t for predicting the maximum radiation.
The model will be less successtul in predicting radiation nulls;
however, these are typically not of interest in EMC applications (as
opposed to antenna characterisations).

Multi-pole radiation O Ground §

The multi-pole expansion for an arbitrary electrically small radiator
in free space is developed in [1-2] and need not be detailed here.
Retaining only the leading clectric (P) and magnetic (M) dipole
moments the free space fields are given by equation (1) where an

() +g,(nIP. + ’;—§ £(D)P, + % g(n)P,+ -:- gDk M, — % g,(r)k,M,}
2
X g(0) +g,(IP, + % g(OP, - % £,(Dk M, + % g,(r)k,M,}

2
XY e+ gmP,+ % g4(DkM, ~ -’r‘- g,(r)k,M,}

£(0)+ g, (DM, + "—’2' £,(1)kM, + 32 g1k, M, + f g{(0P, - % g._,(r)Pz} )

g,(r)+g,(r)]k M, + g,(r)k M —-—g,(r)P +— g,(r)P}

y £,(1) + gDk, M, + {-s,(r)P. - fg,(rn’,}



———observation-peint distance;-and

exp(jut) ime convention is assumed, r is the source (at the origin) to
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These expressions may also be derived directly using standard dipole
fields results [9].

It is now a relatively easy matter to introduce a ground screen. Let
the dipole P be at a height h above a perfectly conducting ground
screen located in the z=0 plane. This requires only that z be replaced
by z-h in the field expressions. The observation point will again be
designated T. The fieldsat T will be due to both the real source and
an image source located a distance h below the ground screen. The
vector paths between the observation point and the real source, and

image source are designated T, and T, respectively, where
R =(uy.z-h) magnimde =5 =[x+ Y+ @-0?]" 4 ()

£, =(x,y,z+h); magnitude ==, =[x’+y’+(2+h)2]m .

The real source dipole components are (P, P, P,) and (M,, My.
M,). The image of a positive electric charge a&m a perfectly
conducting ground screen is a negative electric charge. As a result,
the image source electric dipole FI will have components (-Py, —Py,
+P,). If we think of the magnetic dipole as due to fictitious magnetic
charges which retain their polarity when imaged about a perfectly
conducting ground screen, then we find that the image dipole Ml
will have components (+M,, +My, -M,) respectively. Thus, the
fields due to the image dipoles may be found by replacing z with z+h,
and P and M with B, and M, respectively. Summing the fields from
both the real and image sources gives the fields over a ground screen.

Multi-pole Radiation in a GTEM. Cell

The next step is to use a sequence of GTEM ccll measurements to
determine the various dipole moments. In a mathematical sense,
rotations about any of the three axes are equally simple. One need
only introduce a rotation angle o and perform the necessary
bookkeeping. However, physically it is easiest to rotate about the
vertical axis, especially when dealing with bulky DUTs.
Unfartunately, the electric field in a GTEM cell is primarily vertical as
well. Thus, a rotation about the vertical axis only weakly changes the
electric field coupling. Consequently, some previous TEM cell
schemes have used rotations about the longitudinal axis. However,
only vertical axis rotations will be considered here since they are
better suited to the larger DUTSs that might be tested in a GTEM cell.
If the same source as above is placed in a TEM cell, then the
measured voitage will be related to

Ibo(e)?=IP, 2 + k2M, sin?ac + k2 M, *cos’a + k2M .M, .sin 2al (4)

where a represents a rotation angle about the vertical axis, and a

we evaluate this equation at multiples of + n/4:

1b(0)*=IP, % + k2M_ 2
g 2 __; 1 l
Iby(tn/ 4)=IP,* + -z-k:M,.2+ —2-k§Mz.’:t koMM, | )
Ibe(xm / 2)P=IP, 2+ k2M, I
This is the basic information available to us via vertical rotations.
The 11t/2 equations are redundant. In addition the 7/2 equation can
be derived from a combination of the others (sum the 4+3t/4 voltages
and subtract the 0 position voltage); thus, vertical rotations generate
only three independent equations
IbG(0)P=IP, 2 + k3M, 2l
- 1 1
Iby(£x / 4)*=IP,* + Ekng.u > kIM 21 IM, M, | ©
M 1 0 iti

We need to rotate through three basic axis permutations. These
will be designated by the first subscript. In each of the three basic

orientations we make a measurement in the basic a = 0 position (1),

and two additional measurements (2,3) at & = 11t/4 rotations about
the vertical axis. These three measurements 1-3 are designated by the
second subscript. Thus, the subscript 23 would refer to the second
orientation, -1/4 vertical axis rotation measurement. In the discussion
that follows we will make use of the following nine quantitics which
are determined from the above described GTEM cell measurements.

b, =P, +kiM, M

b, =lP,? +%k§Mj+%k§M,.# kXM, M.,
b, =P, + %kﬁM,h%kiM,}- k3M, M,
b, =P 2+ k2M 2

by, =iP,? +%k§ M,.’+%k:M,.’+ KM M, 1.

by =iP,? +%k§M,.’+-;-k:M_.2— kM M,

by, =IP,2+k3M, 2l
b,, =IP 2 +%k:M,.2+ %kzM’.’+ kM, M, |
by, =IP,” +%k§M,.2+%kZMy.’—- kM, M. I
The generate the following sum and difference expressions:
S,=by,+ b,y =2P *+ kM F+kIM A
S, =by, + by =I2P, 2+ kIM 4+ kiM, A
S;=by, +b,, =I2P. +kiM, 2+ kgM T - (8)
D, =Ib,, — b,,)=12k2M,. M,
D, =lb,, - byl=i2ki M, M,
D, =lby, — byl=12k;M, M|

Note that P and koM have the same units; thus, it will prove
convenient to always work with these quantities.
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Under the assumption that all the dipole moments are in phase we
have six unknowans to determine (Py-,P. ',Pz-,koM,‘,koMy',koMl-).
This requires 6 independent equations: thus, the minimal number of
measurements required in the general case is six. As shall be seen,
six measurements will suffice in some cases but not all cases, due to
degeneracies in the equations when some of the moment components
are zero (or negligible in comparison to the dominant components).

We will consider three routines for determining the dipole
moIments: l)adueepositionmodclfordxecasethaxdlcsomcctypcis
known (electric or magnetic), 2) a six position model for the general
case assuming no degeneracies, and 3) a nine position model for the
general case which allows for degeneracies.

Known_Source Model

If we know a priori that the test object is predominately an electric
(P>_>.koM)ormag1euc(P<<koM)somcethcnmcthrccbasic
posmor:mmeasmcmcms b1, b2y, and ba are sufficient. From eq. (7)
we see that:

Electric Dipole Source (P >> koM):

P’ =b,
P.2=b, ; 9)
P.2=b,,
Magnetic Dipole Source (P << koM):
KM, 2= b,
koM, 2=b, (10)

koM, 2= b,

Clearly this case is sornewhat artificial, but it makes for a useful
check for known sources.

General Source Model - No Degeneracies

In principle the three difference quantities in eq. (8) can be used to
solve for the magnetic dipole moments:

KM 2= bb,
2D,

o= s

D,

(11)
k:M,}:%l’)Rl
2

The electric dipole moments then follow either from the basic position
data byy, byy, and b,

P.’=b,-kIM,?

P.2=b, ~k2M_? (12)
P,*=b, -kiM,?

or from the sum data $;, S2, and S3.

1
Pl= E{S‘ - KM, 2+ kM, )
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Pr= %{s, - KM+ KIM, 2

A problem is that one or more of the magnetic dipole moments
may be zero, or effectively zero if they are considerably less than the
dominant component. Take as an example the case where My-=0:in
this case Dy and D3 reduce t0 zero and the magnetic dipole moments
may not be found via eq. (11). This type of degeneracy makes the
six position approach very sensitive to the difference measurements.

General Source Model - Degeneracies Allowed

The basic approach is to first check the three difference values to
see if they are all non zero and of the same order of magnitude. If yes
then the six position solution may be used. If no, an alternate
algorithm is used.

The first step is to compare the difference values Dy, Dy, D3 to
determine whether a degeneracy exists. A degeneracy will be defined
as follows: if Dj << Maximum of (D),D3,D3) then it will be
considered to be degenerate. A value of 0.1 to define much less than
(<<) yiclds reasonable results. If a degenerate value exists, for
example Dy, then one of three cases must be true:

1) koMy- is small, or
2) kgM;- is small, or
3) both kgM; - and koM, - are small.

To determine which of the cases applies we form the difference

3=8§,-2b,=kIM, 2-k2M 2 (19)
We then make the following argument:

1) if § = O then koM;- and koM,- are both small, and

M, =D, /2

KM, 2=D,/2 (15)
2) if 3 < 0 then kgMx- << kgM,-, and

KM, =p

kM, =D’/ 4/ KM, (16)

3) if 3 > 0 then kgMy- >> koM,-, and

_k:M‘}:H

KM, ’=D}/4/kiM,? an
‘This algorithm may over estimate one component in the case that
koM - and koM~ are both small but not equal, such that the condition

8 =0 is not exactly met. However, as § is also small in this case the
moments so determined are not significant. The main object of this
approach is to find the dominant moment, rather than to accurately
determine the insignificant moments. Once the two magnetic
moments arc found the remaining components are determined as
follows: )

P2= %]s, -M,*-KkIM, ]

P,’=|b, -k3M, ] (18)
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This example considers the case when D is degenerate. If one of the 8 eofto . o
other differences is degenerate (D or D3) the same equations (14)- - o N $
(18) apply after the proper permutation. I +, % 3, .
= s ool 8&\. Od
. K] Ctg +
Total Radiated Power £ N
Once the various dipole moments have been determined the total a
radiated power Pp due to the test object may also be found
» " .
-1 1 10 100
Py =10k3(P. 2+ P2+ P2+ kM, + KM 2+ KOM,D)  (19) Frequency (MHz)
I 5
Altemnately, the total radiated power may be separated electric dipole ;E A N
moment Pop and magnetic dipole moment contnbutions Pop: é R
= sr
P,» =10kX(P, 2+ B, 2+ P,%) (20) 2 o
= a
o ir
Poy =10k3 (ki M, + kiM, 2 + kiM% E o} X
M i ' A:l LA B A‘
2r a
= ad Aya
To test the above algorithms, a self-contained low-frequency © ar A
radiator was built. It consists of acomb generator circuit capable of o 4F 2
producing the following harmonics: E P "
1 1 10 100

1) 0.0 - 1.0 MHz; 50 kHz steps
2) 1.0 - 5.0 MHz;, 200 kHz steps
3) 0.0 30.0 MHz; 1.6 MHz steps

The circuit is contained in a small metal box and connected eitherto a

20 cm dipole antenna or a 80 cm? square loop antenna. In this way
we can create a primarily electric or magnetic source.

Both antenna configurations were measured in the GTEM cell, for
all nine orientations and all three frequency ranges for a total of 27
curves for each source. The antennas were placed in a Styrofoam
box to facilitate rotations. The DUT height was 41.5 cm below a
septum height of 1.3 m, and the DUT was transversely centered.

QATS Measurements

The same two sources were also measured over a ground screen.
The electric dipole was measured in the vertical position, 1.13 m over
the ground screen, at a distance of 1 m using 2 monopole antenna.
The loop antenna was measured also in the vertical position, 1.11 m
over the ground screen, at a distance of 1 m using an active loop
antenna. It was not possible to cleanly measure a signal at all
frequencies due to interference and the weakness of the source.

Known_Source Mode]

Our test objects are basically known sources; thus, we may use the
known source model 1o determine the moments.

The results of the GTEM correlated measurements and the OATS
measurements for the electric source are shown in figure 1, both in
absolute terms and the difference between the two (OATS - GTEM).
The agreement is very good, < 2 dB for most points. Typically, the
GTEM cell data are somewhat higher. This is likely due to the fact
that the magnetic dipole moments have been ignored (set to zero);
thus, all radiated power is assumed to be due to the electric dipole
moments which may have the effect of over estimating their strength.

The equivalent data for the loop (magnetic dipole) are shown in
figure 2. Again the agreement is very good with the GTEM data gain
being somewhat Jarger for most points.

Fig. 1.

Fig. 2.

Fregquency (MHz)

GTEM cell to OATS data comparison based on the known
source correlation sequence: electric dipole source.
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Fig.3. GTEMcell to OATS data comparison based on the general
source correlation sequence: electric dipole source.
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We next apply the general model to the full data. The resulting
clectric field data are shown in figure 3. In fact the agreement to
measurement is better than for the known source model since the
dominant component is not over estimated. The agreement is better
than 2 dB over the whole range with the exception of a few points.
This is basically within the measurement uncertainty of the system.
The magnetic field data are shown in figure 4. Again excellent
agreement is seen. A slight bias is seen in the data. The active loop
antenna used to perform the measurements was later found to be
defective. It was crudely recalibrated to give an indication of the error
in the antenna gain. We expect that a proper calibration will remove
the slight bias in the data and yield even better results.

Conclusion

The use of 2 GTEM cell for near field emission measurements has
been considered. The equations generated here are also applicable to
the far field and serve to expand earlier work. An unknown radiator,
or DUT, is characterized by an equivalent multi-pole model.
Electrically small radiators should be well represented by the leading
multi-pole moments; namely, the electric dipole moment, the magnetic
dipole moment. It was then demonstrated how a sequence of up to
nine GTEM measurements could be used to the individual dipole
moments under the assumption that phase differences between the
various dipole moments may be neglected. Once the dipole moments

are known, both electric and magnetic, the DUT ground screen
radiation may be predicted theoretically. In this manner, one may
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ABSTRACT

This paper describes the evolution of GTEM measurement and correlation computations
to remove the most critical assumption in the original correlation algorithm. The assumption was
that the equipment under test (EUT) would display the radiation characteristics of a dipole, and
the gain of the EUT radiating elements would not exceed that of a dipole antenna. It was found
through measurement that there are cases where this assumption did not hold. The first step was
to adopt a revised measurement procedure to conform to European Telecommunications
Specification measurement practices, the second step was to further modify the measurement and
computation to handle the general case where the EUT displays substantial gain characteristics.

SUMMARY

The original GHz transverse electromagnetic (GTEM) cell to open area test site (OATS)
correlation algorithm included an assumption that the radiating element from an equipment under
test may be modeled as a set of electric and magnetic dipoles [1]. In a practical sense, this
assumption treats the radiating element of the EUT, either the entire EUT array or individual
radiating elements (slots, apertures, cable segments or complete cable arrays) as if it has the
radiation characteristics of a dipole antenna.

This assumption is valid, at least over the lower part of the normal radiated emissions
measurement frequency range, where the entire EUT is small with respect to a wavelength. At
higher frequencies this assumption may not hold. Consider a 30 cm long slot aperture in an
equipment case excited by a 50 % duty cycle, 50 MHz digital clock. The clock signal will
produce odd harmonic signals well into the normally measured frequency spectrum. at the
fundamental, the wavelength of the excitation is 6 meters long and the slot is 1/20 wavelength
long. This slot is, at this frequency, an inefficient radiator. Since the dimensions of the EUT are
less than one wavelength, currents flowing around the slot are likely to flow in phase on the entire
surface of the EUT. This excitation would produce radiation characteristics similar to a fat



inefficient dipole. At the 11™ harmonic, however, conditions have drastically changed. At 550

MHz, the wavelength of the excitation is 0.54 m and the slot is almost optimally excited. The
EUT may still have reasonably uniform current flow on its surface, and may still display the
approximate radiation characteristics of a dipole. At the 17" harmonic, 850 MHz, this condition
will have changed. Here the wavelength is 0.35 m and it is unlikely that the EUT will display
dipole characteristics. It is much more likely that the that the EUT radiation characteristics would
display directionality. If this is true then the assumption that the radiating element would display
gain no greater than a dipole is incorrect.

This problem was first identified when it was noted that the starting position of the EUT in
a GTEM measurement influenced the final value of correlated field strength. Testing was being
conducted on an EUT where the results would be compared to the ETS [2]. Examination of the
EUT at an OATS showed that directional sensitivity was present in the EUT. Further
examination of the EUT in a GTEM showed that if the proper starting face for the measurements
was chosen, correct answers would be obtained. This was found to be due to the nature of the
EMC measurement in the ETS. In the ETS, after maximization of the emission in azimuth on the
turntable, and in height with the measurement antenna, the EUT is replaced with a tuned dipole
set at the frequency of the emission. The specification limit is in terms of the power, in dBm input
to this “replacement” dipole. Since a dipole is assumed in the correlation algorithm, the E-field
strength computed by the correlation algorithm showed excellent agreement so long as the proper
face and polarization were chosen as a starting position. The only positive assurance of this is to
assume the EUT is enclosed by a cube, and to measure each of the six faces of this cube in two
polarizations. This assures that the proper face and polarization are chosen for the starting point.
Since all faces and polarizations are measured, a total of twelve measurements, the three values
(the appropriate X, Y and Z values) are already available from the twelve measurements and may

T be chosen as inputs to the correlation algorithm. This

provided an acceptable procedure for measurement of

\ EUT emissions with undetermined gain values, but

, X having gain in excess of a dipole, to determine
K/ compliance with the ETS.

|

| 7 If one examines the radiation pattern of a dipole, Figure

' 7N 1, there are two characteristics that can be -easily

- X checked from information available from measurements

A of six faces in two polarizations. As shown in Figure 1,

' the dipole radiation pattern is omni directional in the

X-Y plane. Ifone chiooses the maximum value from the

twelve measurements as a reference value, then the
co-polarized, adjacent faces in the same orentaton
should display approximately the same numeric values as
the reference.. If they do not, then the assumption of a dipole radiation pattern is in question. In
addition if the two adjacent faces of the co-polarized measurement perpendicular to the maximum
reference are not substantially below the maximum, then the dipole assumption is also chailenged.

Figure 1. Dipole Radiation Pattern



Givenr a set of data of twelve measurements, at any frequency, describing a particular
emission, being six faces of an enclosing cube and both polarizations for each face, it is possible to
determine if the dipole assumption is appropriate. If this assumption is appropnate, then the
maximum value of the emission, chosen as an X
reference, and the associated Y and Z values can
cos be used as inputs to the correlation algorithm.

Given that the dipole assumption is not
i ?coi?c?e) correct, additional steps must be taken to
/ : n=0 (hemisphere) |provide an estimate of the gain of the radiating
AN dB down vailue element. A method of estimating this gain is
provided in the subsequent paragraph.

Figure 2. Unidirectional cos” 8 Power

Figure 2 shows the power patterns of a
Patterns for Values of n. sur p p

unidirectional source whose characteristics are
described by cos" @ [3]. As shown in this figure,
for n = 0, there is a hemispherical power pattern. as n increases, the power patterns become more
directional. Of interest here is the behavior of the power patterns off axis. At the left side of
Figure 2, a deviation from the hemispherical, or magnitude of omni directional power pattern is
noted as “dB down”. As shown in this figure, the “dB down” value is between the hemispherical
response and the cos @ response. Additional “dB down” responses can be defined for subsequent
powers of cos" @. Thus, if values of the drop off of E-field strength were available on any emitter
at a specific frequency, an estimate could be made regarding the gain of the radiating element.
Numerical estimates of gain are shown in Table I for several values of “dB down”.

Table I. Estimated Gain as a Function of “dB down” Values

n dB down at 45 Estimated Estimated Gain
Degrees Beamwidth dB -
Degrees
1 120 3
2 90 5.1
3 10 75 74
4 12 66 95

The remaining step is, by measurement, to determine the “dB down” values. At this point
the twelve measurements at each frequency are available. Selection of the maximum value at each
frequency and testing the twelve points at this frequency for validity of the dipole pattern
assumption is a matter of programming. The search through the data set will select the
frequencies where the radiation characteristics of the primary assumptions are not valid. The
frequency, face and polarization of all signals where the dipole performance assumption are
invalid are known. Four additional measurements must be made at + n/4 to the original face and
co- and cross-polarized to the original measurement. This allows a reasonable estimate of gain to



S be-used-in-the correlation-algorithm—Thisrevised-gain-value-is—useableas-the boresite of the ———

emission is assigned to the original face and polarization of the EUT, at that specific frequency.

The paper will include sampie computations and a flow chart highlighting the several data
checks and other measurement parameters that are associated with the revised measurement and
correlation algorithm.

Incorporation of the revised measurement and computational procedure in the GTEM
measurements software will remove the restriction placed by the original assumption of gain no
greater than a dipole. This will in turn make GTEM measurements more realistic, and will open
the possibility of the GTEM being used for more types of measurements. The incorporation of
the revised measurement procedure and computation may prove extremely usefil as commercial
EMC radiated emission measurement requirements above 1 GHz become more common.
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