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J. Wyncott


Background  : 

A) Why we seek GTEM Certification  for wireless products .
· Tremendous growth of wireless products in last 10 years, which now includes wideband data

in many RF local networks, and in Bluetooth TM .

· Increased demands for testing Combinations of  2 Ghz?  computers with attached RF handsets
· Increased demand for repeatable Effective Radiated Power measurements
· Equipment noise in GHz regions, requires short distances and RF isolation permit signal detection
(Not generally available in current large test room or OATS configurations.)
· Multi-Axis observation of potentially lobed emissions
· Wireless Certification  “Substitution”  requirements need to be included in new standards.
· The option of “free space” or “ground plane” results  is essential above a GHz.
· The lack of field linearity above a GHz with traditional antennas. (Not seen with Septum.)

· The wide frequency capability inherent in the GTEM cell. 

· Elimination of the Test table at Ghz frequencies, replaced by  “ RF Transparent Manipulators”.

· Now GTEM can assist Telecommunications industries with it’s normal benefits: 

a) Cheaper than Chamber or OATS. Allows multiple simultaneous testing.

b) Brings Testing into Engineering areas.  Allows “product emission” mapping.

c) All - Weather testing at ALL hours

d) Data consistency has generally been better in a GTEM.

e) Test Duration is potentially equal to, or less than, equivalent Chamber or OATS processes.

B) What is the present problem?

The FCC has yet to accept a process to allow product certifications via a GTEM between 1 and 20 Ghz.

C) WHY?

A) Standards:  Telecommunications specific standards  are fundamentally different than Generic Standards. We need to make these standards complementary. 

· TIA 603/ IS-102 (2001)

- Specific – Requires definition of Cell & Process Characteristics

· IEEE C63-4   (2000)


- Generic –  Requires definition of Orientation & Data Processing

· IEC60489    (1999)
 

- Specific - High Dependence upon Product Data Similarity

· IEC 61000-4-20 (2001)

- Generic - High Dependence upon comb generator site similarity

· Industry Canada RS-212 (1999) – Specific – Follows Original Data Centric Concept 
[Ref. #54796  (July 12, 199 5)   FCC Public  Notice ]
B) NIST has been gathering FCC data to support process optimization. 

Unfortunately this has taken over a year. We wait for a report answering major process concerns. 

Example of a Task Proposal  by  Organization: 

	GROUP
	TECHNICAL
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	IEEE
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	EMBRACE IEEE
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SUPPORT
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DATA WITH OATS DATA
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WALL
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Summary of Verbage :      GTEM Calibration Procedure Review

	#
	FCC
	TIA 603/ IS-102 (2001)
	IEEE C63-4 2000
	IEC60489 (1999)
	I IEC 61000-4-20 (2001)
	Industry Canada RS-212 (1999)

	1
	Requesting

Consideration based upon supporting wireless

evaluation  data


	1.5.36 Gigahertz Transverse Electromagnetic Cell (GTEM)

The GTEM cell consists of a section of gently flared rectangular coaxial

transmission line terminated with a matched load. The end termination of the cell is a wall with absorbing material. At low frequencies it operates as a circuit

element 50 Ohm load. At higher frequencies absorbers attenuate the incident

waves as in an anechoic chamber. The GTEM cell shall have the following

characteristics:

a) Radiated frequency range from 9 kHz to 5 GHz.

b) Input impedance (Zc) 50 Ω.

c) VSWR of •1.65:1.

d) Shielding effectiveness of 80dB.

e) Field uniformity ±3dB below 1GHz and ±4dB above 1 GHz.

f) Maximum continuous wave (CW) input power of 1 kW.

g) Antenna factor :

[See Standard for Formula]

E is the electrical field strength in the test volume

h is the height of the septum in the test volume

e0 is the output voltage from the septum

Definitions:

h) The equipment under test manipulator reflections should not affect accuracy

by more than ±2 dB.

i) Signal processor software: IEC 60481-1 compliant 3 axis (or greater)

correlation algorithm that converts maximum individual dB µV field

strength, including provisions to utilize correlation factors obtained via

measurements at an open air test site.

2.1.1.3 Alternate Method of Measurement (Using a GTEM Cell)

a) Position the equipment under test in the GTEM cell test volume. The initial

orientation shall be designated as the X orientation. Designate additional

orthogonal orientations Y and Z.

b) Set the spectrum analyzer or test receiver to use an IEC CISPR 16 quasi-peak

detector for signals below 1 GHz, or an average detector above 1 GHz.

Sweep or scan the appropriate frequency range and record the voltage from

the GTEM at each spurious radiation frequency observed.

c) Repeat step b) for the Y and Z orientations.

d) Use the GTEM calibration software to determine the maximum field

intensity in dB µV/m at each spurious frequency.

e) The radiated spurious output power at each frequency is the value obtained

in step d).

NOTE: 

If antenna is removable. 

The transmitter is transmitting into a nonradiating load.
	M.1 Validation and measurement procedures for emissions testing in TEM

waveguides in the frequency range of 30 MHz to 1000 MHz

M.1.1 Introduction

TEM wav guides can provide valid,repeatable measurement results of disturbance •eld strength from

equipment.This annex provides basic methods and validation requirements for emission testing in TEM

wav guides (TEM cell,wideband-TEM or GTEM cell,parallel-plate stripline,etc.).The basis for this

procedure is a speci •c correlation procedure acceptance between OATS and TEM wav guide measurements

using a calculated radiated disturbance model.Once this agreement on this procedure is reached between the

testing organization and normally the regulatory body receiving the test report results,TEM wav guide

measurements are acceptable in lieu of OATS testing for certain classes of products that are de •ned below.

M.2 Definitions

Correlation algorithm:A mathematical routine for determining EUT radiated power or equivalent dipole

moments from TEM wav guide measured voltages,and for converting TEM wav guide measured voltages

to an equivalent open area test site or free-space •eld strengths at a selected distance from the EUT.

EUT type:Is a grouping of products with suf •cient similarity in electromagnetic characteristics to allow

testing with the same test installation and the same test protocol.In order to be grouped as an EUT type,a

group of products shall be similar in the following characteristics:

a)Equipment class (e.g.,telephones,pagers,hand-held transceivers,desktop computers,laptop

computers,etc.).

b)Number and type of cables installed for testing (e.g.,telephones and telephones with data connection

to a computing device may be two different EUT types).

c)Physical size and EUT system con •guration (in all cases,the EUT system con •guration shall •t

within the test volume used in the validation to the OATS);an individual test within an EUT type in

which there is a reduction in

1)The number of cables,

2)Subsystem components from the EUT con •guration used for validation with the OATS is

considered to be an acceptable and validated variation. 

Exit cable:A cable that connects the EUT to equipment outside of the TEM wav guide or away from the

test site.Hence,an exit cable exits the measuring TEM wav guide or measuring site.

Manipulator:A d vice with three independent modes of positioning control,which is used to manually or

automatically assist with moving an EUT into the positions required by a given test.When installed on the

manipulator,all components of an EUT array or system shall maintain a •xed position with respect to a ref-

erence point throughout any rotation,and the position of the reference point or approximate geometric cen-

ter of the EUT shall remain •xed.

Ortho-angle:The angle that the diagonal of a cube makes to each side at the trihedral corners of the cube.

This angle is widely used in TEM wav guide testing because its coef •cients give a vector sum of unity when

three orthogonal readings are made and summed (See Figure M.1).When applied to a TEM wav guide,the

ortho-angle may alternatively be described as the angle of a ray passing through the center of the test volume

of the TEM wav guide,such that its azimuth is 45 °to the centerline of the TEM wav guide and its elevation

is 45 °abov the horizontal plane of the TEM wav guide.Thus,it is 54.7 °to the edges of each face of a cube

centered in the test volume.This assumes that the cube in question is aligned with the Cartesian coordinate

system of the TEM wav guide.When associated with the EUT,the ortho-angle is usually referred to as the

ortho-axis .

Septum:The inner conductor of a one-port or two-port TEM cell —usually a thin metal plate.

TEM cell:A closed measuring d vice consisting of an inner and an outer conductor in which a voltage

difference creates a TEM-mode electromagnetic •eld between these conductors.Two-port TEM cells typi-

cally hav symmetrical tapered input and output ports,whereas a one-port TEM cell typically has a tapered

input port and a integral,closed nontapered termination in place of the output port.

TEM wa eguide:An open or closed transmission line system that uses the TEM mode over the frequency

range of interest.The TEM mode is de •ned as an electromagnetic •eld in which the electric and magnetic

•eld vectors are orthogonal to each other and orthogonal to the propagation direction.Common xamples

Figure M.1 —Ortho-angle

are the two-port TEM cell (Crawford cell),the one-port or wideband-TEM cell (example GTEM),and the

parallel-plate stripline.

Test olume:A r gion in space that has been validated to give acceptable accuracy for a particular radiated

emission test.Typically,with TEM wav guides,the test volume is de •ned as a rectangular parallelepiped,

which is centered between the septum and the •oor and between the two side walls.The test volume is

located at a suf •cient distance from the input/output tapers or any absorbers to avoid loading ffects.

Dimensions from the centerline are determined by the accuracy required for the intended test.

Wideband-TEM cell:A TEM cell that has been altered to xtend the usable frequency range.Typically,this

is achieved by replacing one port of a two-port TEM cell with a wideband,nontapered,hybrid discrete

resistor/wave absorber termination.

M.3 TEM waveguide validation requirements

TEM wav guides can provide valid,repeatable measurements results of disturbance •eld strength from

equipment.For a TEM wav guide to be used in emission compliance testing,various criteria shall be ful-

•lled,as described herein.

M.3.1 TEM waveguide validation requirements

A TEM wav guide shall be validated for very EUT type to be tested.Guidance for classifying products into

an EUT type is given M.3.2.The EUT that is selected for use in the validation of an EUT type shall represent

the range of variability found within that EUT type,with respect to the number and type of cables,physical

size,and system con •guration.

The validation procedure valuates the test system consisting of the TEM wav guide and the measurement

procedure.Use of a different TEM wav guide or changes in either the physical TEM wav guide,such as

absorber replacement,or the correlation algorithm shall require revalidation of the modi •ed system.

The appropriate procuring or regulatory agency shall be consulted for the acceptance criteria required for the

proposed use of the TEM wav guide if they differ from the guidance given in M.5.2.

M.3.2 EUT type validation requirements

A TEM wav guide shall be validated for use with each EUT type that shall be tested in that TEM wav guide.

Care shall be taken to ensure that each EUT type conforms with the de •nition in this standard.

The validation test is to be performed at a minimum of one TEM wav guide and one OATS.The OATS shall

meet the NSA requirements of 5.4.6.A minimum of three independent scans over the designated frequency

range shall be performed at each TEM wav guide and at each OATS.The data from the various frequency

scans shall be analyzed statistically and shown to meet the requirements of this clause.As part of the initial

validation of a TEM wav guide,it is recommended that comparison be established between two OATS.The

purpose of this comparison is to verify the validation procedure with the OATS to be used for subsequent

validations with the TEM wav guide (see M.5.2).

A representativ sample unit(s)of the EUT type to be validated shall be tested three times at the selected

OATS and TEM wav guide.Each test shall be differentiated by a disassembly and reassembly of the test

setup as would normally be done for each new product test.At a minimum,a comparison of ten frequencies

with the highest amplitude signal with respect to the disturbance limit at each site and within the TEM

wav guide shall be recorded.A larger number of emissions may be used in the comparativ data set.If the

set of frequencies from each site are not identical,the set shall be expanded to include the frequencies with

the highest amplitude with respect to the limit from each set.

The same detector function (peak,quasi-peak,or average)shall be used for each frequency in both the TEM

wav guide and OATS measurements.The dwell time at each frequency shall be of suf •cient length

compared with the duty cycle of the signal being measured.If the measurement bandwidth at the OATS shall

be reduced to overcome ambient signal interference,the bandwidth of the TEM wav guide measurement at

that frequency shall be correspondingly reduced.Lik wise,the dwell time used at each frequency shall be

the same for both the TEM wav guide and the OATS measurements.

The data shall be compared using the guidance found in M.5.1.For each frequency,the •eld strength

measurements made at the TEM wav guide and the OATS shall be averaged over the three independent

scans.The difference between the average •eld strength at the TEM wav guide and the OATS at each

frequency compared shall be calculated.Finally,the mean and standard deviation of the differences at each

frequency compared shall be calculated using the formulas included in M.5.1.

NOTE —A generalized NSA procedure for TEM wav guides is under consideration.
	A.3.3.3.7 Calibration method for a GTEM cell

A.3.3.3.7.1 Receivers

a) Measure RX sensitivity in anechoic chamber or Low Reflection Test Site

b) Measure RX 

sensitivity at determined direction & position in GTEM

c) Average microvolt level from  GTEM  vs Average Microvolt per meter level from anechoic chamber or Low Reflection Test Site.

A.3.3.3.7.2

Emitters

a) Same as RX

b) Same as RX

c) Average Transmit Radiated Power microvolt level from  GTEM  vs Average Wattage level from anechoic chamber or Low Reflection Test Site.

Note 1  “Dispersion” due to n measured values…

Note 2

“The calibration is only valid for the frequency, the same EUT position and direction. If any of these change 

it should be recalibrated. …”

Note 3

“The above calibration procedure may be omitted if the manufacturer of the GTEM cell guarantees that the field strength maximum error for the equipment which has a lesser dimension than that specified and which is placed in the specified volume with the specified direction.”


	A.3.2 Correlation Algorithms

Two Methods:

c) A.3.2.1 Multipole Model – “…Detailed Radiation patterns cannot be simulated.”

B)  One-port TEM   waveguide Correlation Routine –“ The one-port correlation routine is based on three voltage measurements made in a TEM waveguide from which the total radiated power of the EUT may be calculated.”

A.4.2 TEM waveguide validation requirements for small and large EUTs

The validation test is to be performed using a set of reference emission sources with well-characterized OATS- method emission responses. The reference sources are selected on the basis of the types of EUTs (Clause 7) that will be tested in the TEM waveguide. Four types of

reference sources are recommended to represent general EMC applications. These represent

variations of table-top equipment as defined in CISPR 22.

a) A battery-powered comb generator with a broadband antenna, which is an example of a

small EUT. The largest dimension of the comb generator shall be smaller than 0.1 h,

where h is the conductor spacing. 

b) A battery-powered comb generator with a wire attached, which is an example of a large

EUT without exit cables. The attached wire should extend to the edge of, but remain

within, the usable test volume.

c) A battery-powered comb generator with an attached exit cable, which is an example of a

large EUT with exit cables. The attached wire runs to and through a ferrite clamp.

d) A 19U (480 mm) case with a built-in comb generator, with at least two exit cables,

intended to be an example of a large EUT with exit cables.

For each of the above examples of EUTs, the comb generator shall produce spectral lines

every 10 MHz or less over the entire frequency range of interest. The spectral lines shall be

stable with variations of less than 1 dB during the validation test duration.

If there is no comb generator available on the market

that fulfils the size requirement, a comb generator up to 0,35 h may be used. In this case

the size and type of the used comb generator and the regularly allowed size (0.1 h) are

stated at the same position of the test protocol and are marked specially. The EUT case

should be smaller than 1 wavelength at the highest frequency tested (see 6.1).

NOTE Broadband noise emitters (like the CNE) will be considered in the next edition of this standard.
	2.2 Emission measurements, correlated to an OATS, must be provided for each

general type of equipment (equipment of similar functionality and physical

configuration; e.g., hand held transmitter, laptop computer, etc.) for which GTEM

acceptance is sought.
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