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Background  : 

A) Notes on Test Procedure Comparisons:
For years,  the usability of the “Gigahertz” Capable GTEM cell  has been crippled  in the past by :

a) Prior  Standards  have required  an OATS vs GTEM “EUT”  PRETEST . This is in sharp contrast with OATS and Chamber testing which have  no “ EUT Qualification” tests but rather  a “SITE” PRETEST”  NSA  (and  Field uniformity) tests  which are done regardless of the type of product to be tested, and is generally done  only annually  or bi-annually. 

b) Due to unsubstantiated  risk, the FCC has specifically restricted GTEMs to operate less than 1 GHz , where there is no such restriction on an OATS  or a chamber. No validation for  test validity above a GHz is required for testing in an OATS or a Chamber. 

B) Test Procedure:

a) Must eliminate need for “qualification” tests once  in Production mode. 

b) Must allow  GTEM EUT product certifications , operating at,  or having harmonics between 1 and 24 Ghz.

c) Must adhere to size, power, and cabling constraints of the operating cell

d) Must permit  either free field or “ground plane” calculations

e) Must have a method to control absolute location of product within test cell

f) Must allow  for substitution methodology

g) Must  allow for suppressed power output via a load.

h) Must abide by TIA & FCC rules and regulations. 

i) Needs to be Value added / Cost effective alternative to traditional means.

j) Must yield same or better results than traditionla methods, 

C) 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 ]
Summary of Verbage :      GTEM TestProcedure Review

	#
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	1
	Requesting

Consideration based upon supporting wireless

evaluation  data


	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).
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Note: For purposes for receiver FCC Certification per Part 15 rules, it is

required that that the GTEM be calibrated to an open air test site using the

method in 2.1.1.2 and inputting the appropriate correlation factors into the

signal processing software.
	M.4 General test procedure and equipment configurations

M.4.1 Introduction

Testing in TEM wav guides involves special considerations.In general,the arrangement guidance given for

testing at OATS shall be followed,xcept where speci fic physical differences in the test facilities require an

alternative arrangement.Differences in arrangement are described in this clause.

M.4.2 TEM waveguide requirements

In order to be adequate for testing a given EUT,a TEM wave guide shall meet the following criterion:

a)The validation procedure described in M.4.1 shall be used to demonstrate that a given TEM

wav guide can be used to test a particular EUT type.

b)If the EUT has power or input/output cables that shall xit the TEM wav guide,an equivalent length

of these cables shall be con •gurable within the TEM wav guide,as would be used in an OATS test

for that EUT.

The equivalent cable length at the OATS is the length of cable from the EUT to the point at which it xits the

test area,which is normally through a hole in the center of the turntable.The cable routing speci fied in M.4.4

shall be used when determining the cable length.A TEM wav guide,which cannot accommodate an

appropriate length of cable,shall not be used for that EUT.

M.4.3 EUT maximization and stabilization

The EUT shall be arranged following the basic directions given in Clause 6 and Clause 8 of the main t xt of

this standard as xpanded and modified in this clause.Exploratory testing to determine the emissions characteristics of the EUT as described in 8.3.1.1 shall be performed.In a TEM wave guide,EUT position and ori-

entation substitute for the antenna height,polarization,and turntable rotation considerations  at an OATS.

The EUT shall be located within the test volume in the TEM waveguide. The EUT shall be centered in the

test volume.For the OATS tests,the maximum electric field measured with horizontal and vertical polariza-

tions shall be used for comparison to the TEM wav guide field strength at the same frequency.

In a TEM wave guide,EUT system cables shall be handled in a somewhat different fashion than on an OATS.

In TEM waveguides  equipped with turntables,the EUT system shall be arranged around a circumference

with any cables that shall xit the TEM wav guide routed to the center of the turntable.This is similar to an

OATS arrangement.In TEM wav guides equipped with manipulators,the EUT system is arranged in a

similar fashion to the OATS,but with xit cables routed to a designated edge of the manipulator platform.

From the edge of the platform,the cables shall be clamped with a nonconductiv e fixture perpendicular to the

EUT system in all positions.In both cases,interconnecting cables shall be in the same plane as the EUT

system and kept as nearly as possible at the same length and separation from the EUT components as they

would be on an OATS.

Once the appropriate test con figuration is determined ,including cable placement,it is imperativ that the system be fixed in this position for all positions required by the TEM wav guide correlation algorithm such

as those described in references listed in [B3 ],[B26 ],[B33 ]and [B34 ],as well as those given by the manu-

facturer of TEM waveguides in terms of software codes to compute the OATS equivalent emission.In order

to obtain accurate results,such factors as the position of interconnecting cables relativ to the EUT,the gap

size at the interfaces in shielded EUT enclosures,and the pressure on mechanical grounding points or

gaskets caused by changes in gravity effects as the EUT is rotated shall remain constant in all positions to be

measured.This typically requires careful restraint of the EUT and fastening of its attached peripherals to a

nonre flective,nonconductive structure or manipulator when testing.

Some TEM wav guides can be configured to be repositioned around a horizontal turntable located at the test

volume.In these cases the EUT arrangement is very similar to that on a turntable at an OATS (See Figure

M.2,Figure M.3,and Figure M.4).Figure M.2 shows a typical EUT setup in this case.The primary

differences from an OATS are that the interconnecting cables are in the same plane as the EUT,and the EUT

is arranged around the center of the turntable.

M.4.4 Exit cables

EUTs having power or input/output cables that shall xit the TEM wav guide require special consideration.

In order to produce results,which correlate well with OATS readings,xit cables shall be routed so that they

do not change position relativ to the EUT for any of the positions used.Routing the cables along the ortho-

angle of the TEM wav guide is the preferred routing.Figure M.2 and Figure M.3 shows an xample of this

cable routing.Such a routing produces a more accurate reading of the emissions radiated from the cables.

Routing the cable along the ortho-angle has the added advantage of allowing a greater length of cable to beplaced in the TEM wave guide,which results in a greater resemblance to an OATS test.In TEM wav guides,

the xit cable is routed from the EUT in the test volume toward the connector on the floor or wall,which inturn is connected to associated equipment outside the TEM wav guide.

An alternativ arrangement to the use of the ortho-angle is to keep the xit cables perpendicular to the EUT

and rotate them with the EUT through the required positions. Example EUT and cable relativ positions are

shown in Figure M.3.In this arrangement,the cables are routed away from the EUT and kept fixed inposition as far as the TEM waveguide dimensions allow. then,the cables are routed to the connector or ac

outlet in the TEM wav guide wall following a routing that minimizes coupling of the cable section into the

TEM mode fields.Coupling from the final section of a cable is minimized by routing the cable,from the

point at which it first xits the test volume around the interior perimeter of the TEM wav guide,to the con-

nector or ac receptacle outlet.

Parasitic impedances between the xit cables and the TEM wav guide wall or floor shall be carefully con-

trolled.Exit cables shall not hav xcess cable length lying on the wall or floor of the TEM wav guide.Any

xcess cables shall be maintained in the test volume.The cables shall be routed directly from the connection

point to the TEM wav guide into the test volume.Exit cables shall be of the same approximate length as

would be required for an OATS test.Any xcess cable shall be bundled in the center of the half of each cable

closest to the EUT.At the connection point where a cable passes through the TEM wav guide wall,an

appropriate impedance stabilization network shall be used to terminate the cable and provide for connection

to the outside of the TEM wav guide.For the ac power cable,an LISN shall be used if used at the OATS.

M.4.5 TEM Waveguide test procedure

The basic TEM wav guide to OATS or free-space correlation procedure involves voltage measurements for

three independent positions of the EUT in the TEM wav guide.The three-position algorithm has been

shown to give suf ficient conformity between an OATS and a TEM wav guide for many EUT types.The

TEM cell three-position algorithm can be used either with one-or two-port TEM cells.TEM wav guides

with other cross-sectional geometries require modified correlation algorithms.Correlation algorithms with

more EUT positions (e.g.,nine-position,fifteen-position,etc.)can be used if EUT requirements dictate.

In TEM wav guide emission testing,separate three-dimensional Cartesian coordinate systems are assigned

to each TEM wav guide and the EUT.A conventional labeling for a TEM wav guide coordinate system xyz

has the z -coordinate along the propagation direction,the y -coordinate in the direction of the TEM mode elec-

tric field vector,and the x -coordinate orthogonal to both of these.A spatial reference point near the

geometric center of the EUT array shall be assigned as the origin of the EUT x ’y ’z ’ Cartesian coordinate

system.The three-position correlation algorithm uses three EUT rotations where the axes are successively

aligned xx ’yy ’zz ’,xz ’yx ’zy ’,and xy ’yz ’zx ’.Figure M.4 shows an xample of the EUT/TEM ax s

repositioning for the three-position algorithm.The EUT is held in position during the rotations either by a

manipulator,or by low dielectric constant plastic or Styrofoam support blocks.Voltage readings are recorded

at each position and each frequency,and the OATS-equivalent electric field strength is calculated with the

correlation algorithm.

M.5 Test report

The requirements for reporting radiated emission measurements using TEM wav guides follow those stated

in Clause 10.In addition,the particular EUT type for which the validation is claimed shall be fully

described.

M.5.1 TEM waveguide to OATS validation data

The OATS and OATS-equivalent TEM wav guide data for the measurement data sets at each facility shall be

recorded in tabular form with parallel columns in units of dB (µV/m).Measurement data from the TEM

wav guide shall be transformed to an OATS-equivalent field strength,computed for the test distance used at

the OATS.Wilson [B34 ]describes the conventional one-port TEM cell three-position correlation algorithm

used for computation of an OATS-equivalent field strength.If a different correlation algorithm is used,thetest report shall include a description of the correlation algorithm and the reasons for its use.

The averages of the OATS and TEM wav guide data at each measured frequency shall be calculated.When

calculating these averages,the field strength readings shall be converted from logarithmic values,dB (µV/m),

to linear values,µV/m.The ratio of the averages of the TEM wav guide and OATS measurements shall be

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

OATS to TEM wav guide comparison.

The mean and standard deviation of the differences shall be computed using the formulas listed below.The

average of the TEM wav guide readings at a single frequency is designated as g i .The average of the OATS

readings at the same frequency is designated as o i .The number of frequencies compared is n ,with n greater

than or equal to ten.The difference of the averages x i is given by the equation

The mean is given by the equation

The standard deviation s is computed with the equation

A sample spreadsheet calculation is shown in Table M1.1 of Annex M1.

In theory ,comparisons  shall be made between emissions at exactly the same frequency value.In practice,

certain frequency values may differ slightly between the TEM wav guide and the OATS data.This shift in

frequency values is caused by EUT instability and measurement system frequency uncertainty.Some

judgment is necessary in selecting the correct peaks for comparison.For xample,in harmonic-rich

spectrum,such as is characteristic of many digital devices,the highest peak may shift from one harmonic to

another.For these reasons,it is important to record the frequency as well as the amplitude for each frequency

compared.An explanation of the reasoning for the selected comparison shall be recorded in the test report.

M.5.2 TEM waveguide to OATS acceptance criteria

This clause speci fies the acceptance criteria that shall be used to determine that a TEM wav guide can be

used as a substitute test facility for an OATS.The criteria are based on the maximum difference allowed

between the TEM wav guide and the OATS field strength validation results.Once the difference is within

allowable values,radiated emission measurements may be made.Reporting requirements follow those stated

in Clause 10.

To use the TEM wav guide-calculated results to demonstrate compliance with a disturbance limit,the

following steps shall be performed:

a)Provide the mean and standard deviation of the frequency correlations  in the report.

b)The mean difference over all frequencies compared between the OATS and TEM wav guide

correlation results [see column (12)in Table M1.1,Annex M1 ] shall be between 0 dB and less than

or equal to 3 dB.  The standard deviation over all frequencies between the OATS and TEM

wav eguide correlation results [see column (12)in Table M1.1,Annex M1 ]shall be less than or equal

to 4 dB.

c)No addition of the above mean differences shall be made to the TEM waveguide emission measure-

ment results that are used to compare these results to the disturbance limit.If these results are below the disturbance limit,the EUT (for the EUT type correlated) is considered to be compliant with the appropriate  limit.
	A.3.3.3.7.2 Calibration for measurement of equipment emitting radio-frequency electromagnetic energy

a) Measure the transmitter radiated power of the same n(n>=1) EUT for transmitter specific direction in a test site and calculate the average.

b) )Measure the transmitter radiated power  of all above EUT in a GTEM  cell at determined position and direction. The radiated power is the signal level at the output of the GTEM cell. Calculate the average of power.

c) The calibration is the average value of step b) in mocrovolts (uV) is replaced by the average value of step a ) in watts..

A.6.2 Methods of Measurement

The basic methods of measurement which measure only one direction of the EUT in each test site are described in each test site subclause. Table A.3 gives an overview of methods of measurement for integral antenna mobile radio equipment. These methods of measurement will be assembled from the basic method of measurement. Table A.3 indicates measurement methods to be used for different parameters of objects to be measured.

NOTE – All methods of measurement will be described in a future step-by-step procedure. See note 3 in table A.3.


	A.5 Emission measurement procedures in TEM waveguides

A.5.1 EUT types

A.5.1.1 Small EUTs in TEM waveguides

A small EUT shall be tested using two start positions in the TEM waveguide. The first start

position is arbitrary, while the second start position is the first start position rotated as shown

in Figure A.4. For each start position, the applicable correlation algorithm EUT rotations are

performed. For example, the three-position method of A.3.2.2.1 requires that three

orientations be measured. This procedure shall be carried out with start position a1 and a3, or

a2 and a4 of Figure A.4 (a total of 2 • 3 = 6 positions). The highest correlated field strength

from these two data sets shall be reported at each frequency.

NOTE The frequency range is determined by the applicable limit or test objective, usually 30 MHz to 1 GHz for

small EUTs. The usable frequency range is determined in the TEM mode verification tests (see 5.1.1, 5.2.2).

A.5.1.2 Large EUTs without cables

The method of A.5.1.1 can be used to get relative data for large EUTs without cables.

A.5.1.3 Large EUTs with cables

Under consideration.

NOTE In the lower frequency ranges (for example, less than 100 MHz), it may be necessary to measure

conducted emissions (less than 30 MHz, CISPR 22) and radiated disturbance power (CISPR 14) also in order to fully characterize an EUT with connected cables.

A.5.2 EUT arrangement

Additional specific features and descriptions of EUT arrangements are deferred until the next

edition of this standard. The following information is given for guidance purposes.

The EUT is placed in the centre of the usable test volume (5.1.2) on a manipulator (3.1.21

and Figures A.1, A.2b and c) or on a test set-up support (3.1.16).

Small EUTs without any cables shall be fixed in the rotation centre of the manipulator. Using

the manipulator, the EUT is rotated around its electrical centre (which can be assumed to be

identical with the geometrical centre of the EUT).

For EUTs with cable(s) the following cable routing applies. Long cables shall be bundled

according to the rules stated in 2.6.2.5.2 of CISPR 16-2.The interconnecting cable(s) shall be

routed perpendicularly from each case. In order to obtain repeatable measurement results,

the relative positions of the interconnecting cable(s) and of the EUT shall not change

throughout the three-position correlation algorithm. If the cable(s) are too long, the

interconnecting  cable(s) can be bundled according to 2.6.2.5.2 of CISPR 16-2.

The exit cable(s) shall be routed perpendicularly from each EUT case to the boundary of the usable test volume. The cable is then routed along the border of the usable test volume to the

corner at the ortho-angle and the lower edge of the test volume (Figure A.1). Using a

positioner as shown in Figure A.2b, the exit cable(s) shall be routed along the ortho-axis. The

cable position shall be restrained, for example, by non-conductive clamps. The exit cable(s)

are routed from the lower corner of the usable test volume at the ortho-angle to the absorbing

clamp(s) at the waveguide ground plane. Multiple cables should be separated by

approximately 100 mm. At the waveguide ground plane, each cable is to be terminated byseparate absorbing clamps, as defined in CISPR 16, or by clip-on ferrites (see [1]). The

insertion loss of the clamp (or clip-on ferrite) should be greater than 15 dB for the frequency

range of 30 MHz to 1 000 MHz. The connection cable shall not touch the inner or outer

conductor of the TEM waveguide before the cable is terminated by the absorbing clamp or

clip-on ferrite. Up to 1,3 m of cable are to precede the clamp location. If the cable is shorter

than 1,3 m, then all of the cable precedes the clamp location. If the cable is longer than 1,3 m

then at least 1,3 m of cable shall precede the clamp location (Figure A.1). Exit cables are

routed from the absorbing clamps to connectors on the flooror wall, then connected to

associated equipment outside the TEM waveguide.

A.6 Test report

A.6.1 Small EUTs in TEM waveguides

For small EUTs, and large EUTs without cables, the report shall include both the corrected (E)

and uncorrected (Emax) field strength results, as determined according to

cf E f=Emax , in m

V (A.19a)

with Emax in V/m from Equation (A.5) and cf in V/m from Equation (A.10), or

120 ) lg 20 max •••=f dB dB (c E E , in m

µV dB (A.19b)

with Emax|dB in dBV/m from Equation (A.8) and cf in V/m from Equation (A.10).

A.6.2 Large EUTs in TEM waveguides

Under consideration.

NOTE For compliance testing of large EUTs inTEM waveguides, the following procedure has been proposed:

a) three independent tests on a particular EUT type must be completed at a specific compliant OATS and the

specific TEM waveguide. The average difference between TEM waveguide and OATS results is calculated at

each frequency using Equation (A.11) with n = m = 3;

b) the average and standard deviation versus frequency of the differences calculated in step 2 for a minimum of

10 frequencies must fulfil the criteria that the average difference is greater than 0 dB and less than, or equal

to, 3 dB, and the standard deviation of the differences is less than, or equal to, 4 dB;

c) no addition of the average difference to the TEM waveguide readingsmust be made when determining

compliance with the disturbance limit. If the criteria of step 3 are satisfied, the EUT type is considered to be

compliant with the appropriate limit.

Further details are given in [2].


	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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