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Abstract





This paper describes a new approach to EMC diagnosis using the near-field terms available from GTEM emissions readings.  GTEM readings measure a fundamentally different quantity from OATS readings.  On an OATS the far-field, field strength is measured.  In a GTEM the near-field, radiated power is the measured quantity.  The inherent information contained in each of these quantities is different.  GTEM readings carrying much more information about the radiating source than do OATS readings.  By exploiting this difference a great deal of diagnostic insight about the radiating source may be gained.





Introduction





This paper presents a method for exploiting information intrinsically contained in GTEM (Gigahertz Transverse Electromagnetic Cell) readings in order to gain diagnostic insight into a radiating source.  Traditional OATS (Open Area Test Site) field strength measurements use an antenna in the far field to measure the strength of the emissions coming from a radiating source.  In the far field the impedance of the wave is resolved to that of the transmission medium, in this case air.  


In a TEM or GTEM measurement the measurement is of radiated power in the near field.  The most common algorithm, known as the three measurement method, measures only the total radiated power.  This is accomplished by taking three orthogonal measurements of the EUT.  These three measurements are vector summed to get the total radiated power at a given frequency.  An assumption is made as to the type of antenna from which this power is being radiated.  Usually it is assumed that the radiating source can be modeled as a dipole antenna.  Because the radiating characteristics of dipole antennas are well known, a prediction can be made as to the field strength which would be produced based upon the measured power.  This process has been shown to have good correlation with actual far field, field strength measurements.


While the three measurement method is very useful it only takes enough data to solve for the amplitude of the total radiated power.  By taking additional measurements, at least 6 and commonly 9, 12 or 15, not only can the total radiated power be derived but also the electric and magnetic dipole moments of the source can be differentiated. In the process presented here it is shown that these readings provide sufficient measurement data to derive the following information about an emission’s source:





	1. The radiating circuits impedance.


	2. The alignment of the source.


	3. The probable size of the source.


4. The fundamental frequency of the source signal.


	5. The modulation of  the driving signal.





Overview





The process, depicted in Figure 1, begins with taking the readings required to satisfy the intended algorithm.  The various readings, with their geometric coefficients, are used to form a set of parallel equations.  These equations are then solved, to determine the electric and magnetic dipole moments of the emission.


From the amplitude of the moments the field impedance may be calculated.  The data is also examined in order to determine the radiating gain of the source.  From this information the source may be compared to various standard antenna types and classified as being similar to a type of antenna.


Further, by performing the various calculations as vectors, the direction of maximum radiation may be derived.  From this information the geometric orientation of the radiating source can be determined from the direction of maximum radiation.


Now by examining the harmonic content and amplitude of the radiated spectrum information may be derived about the signal which is feeding the source and the frequency of maximum efficiency of the radiating
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FIGURE 1: FLOW CHART FOR REVERSE MODELING OF�ELECTRO-MAGNETIC EMISSIONS





�
source antenna.  Since antenna’s are maximally efficient at the frequency where their physical size permits resonance this information allows the size of the radiating circuit to be determined.  The spacing of the harmonically related spectral lines determine the fundamental frequency of the driving signal.


If the emission is then analyzed for modulation content additional information about the signal may be gained.  The modulation of the signal will help determine the specific signal within the product which is radiating.


So then by this process of reverse modeling the following has been derived:


1. A description of the radiating circuits impedance.  This tells the engineer if the source can be characterized as a current loop or a voltage potential.


2. The orientation of the source within the EUT can be determined.  The source may be aligned front to back within the unit, side to side or vertically, etc.


3. The size of the source is predicted.


4. The driving signal is described.


5. Other techniques allow information about the modulation on the driving signal to be analyzed.


With this information it is possible to make a statement such as:  “This signal is coming from a 10 cm loop aligned vertically within your product and is being driven by a 4 MHz data signal which contains ASCII “H’s”.”
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FIGURE 2: EHR-GTEM in the 


Horizontal Position
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FIGURE 3: EHR-GTEM at the 


54.7( Position





Measurement Facility





The process begins by selecting a measurement facility which is configured to measure the required quantities.  The EHR-GTEM (Extended Hyper-Rotated GTEM) was developed to allow for a high degree of flexibility in GTEM measurements.  In this facility the cell itself can be rotated 90( around a horizontal axis which is 45( off from the centerline of the cell.  Figures 2-4 show the cell at its various rotation angles.  Within, a gimbaled turntable is equipped with an air motor and can turn an EUT through 360( in the horizontal plane.  Figures 5-6 show the interior of the cell with the gimbaled turntable.





This configuration was developed to allow the EUT to always remain horizontal but simultaneously allowing for a wide variety of angles of perspective for the electromagnetic readings.   Thus, the required readings for
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FIGURE 4: EHR-GTEM in the 


Vertical Position
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FIGURE 5: EHR-GTEM


Interior View





various complex algorithms can easily be accomplished.





Measurement Procedure





A nine position algorithm was developed for use with the EHR-GTEM. For this algorithm the common assumption is made, that each emission can be adequately modeled as a composite of three mutually orthogonal electric dipoles and three magnetic field dipoles.  The voltage measured at the cell port, due to the electric field dipoles is:





Venormalized2 = (Py*cos(Qy) + Px*cos(Qx) + Pz*cos(Qz))2      (1)





where:





	Venormalized -	The normalized voltage measured at the cell port due to the sum of the electric moments.  The voltage is normalized by -1/2 e0 to the measured voltage.





	Py,Px,Pz  -	Are the electric moments.





	Qy,Qx,Qz  -	Are the angles between each electric moment and the E-field sensing vector of the G-TEM.





Similarly the power contributed by the magnetic dipole moments is:





Vhnormalized2 = (k0(My*cos(ay) + Mx*cos(ax) + 


	  Mz*cos(az)))2  		            (2)


where:





	Vhnormalized -	The normalized voltage measured at the cell port due to the sum of the magnetic moments.    The voltage is normalized by -1/2 e0 to the measured voltage.





   	My,Mx,Mz -	Are the magnetic moments.





    ay,ax,az -	Are the angles between each magnetic moment and the H-field sensing vector of the G-TEM.





The total voltage measured at the G-TEM port is then:





Vnormalized2 = Venormalized2 + Vhnormalized2











Vnormalized2 = (Py*cos(Qy) + Px*cos(Qx) + Pz*cos(Qz))2 +  


        (k0(My*cos(ay) + Mx*cos(ax) + Mz*cos(az)))2              (3)








A spherical coordinate system is defined for the cell using the positioning angles l and r.  l is the angle of the GTEM.  l = 0° is defined as the position where the plane passing through the center of the test volume is horizontal.  l can vary in this implementation from 0°, when the cell is horizontal, to 90°, when it is vertical.  r is defined as the angular rotation of the turntable which holds the EUT.  r = 0° will be defined as the turntable position in which the EUT X axis is aligned transverse to the G-TEM, i.e. with its H-field axis, when the G-TEM is horizontal or at l = 0°.  r can be positioned from 0° to 360°.





Readings are taken at a set of 9 selected cell positions. From these readings the electric and magnetic dipole moments can be determined.
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Source Impedance and Orientation





The readings can then be developed into a system of parallel equations. These equations are then solved for the Cartesian components of each moment.  Thus the amplitude and orientation of each moment is know from its Cartesian components.





The ratio of the electric to magnetic field amplitudes hints at the source impedance.  The comparison of the cell geometry relative to the frequency of interest will determine how far into the near field the readings are.  For low frequencies the cell geometric is very small compared to the wavelength.  Thus the effective sensing point is deep within the near field region.  Accordingly the ratio of E to H would be more significant of the source at these frequencies.





The orientation the vector of maximum amplitude is easily calculated.  When the predominate moment is electric, the vector will be normal with the source.  However, when the dominate moment is magnetic, the vector will be normal to the plane of the radiating loop.





Source Gain and Antenna Type





The source can be viewed as a type of antenna.  Standard antenna techniques can be used to calculate the gain over isotropic, dBi.  The readings taken, together with the maximum amplitude calculated, are used to determine the gain.  Then by comparing the readings to those expected for various standard antenna types the similarity of the readings can be compared.  For example, if the field is dominantly electric the first check would be against a dipole antenna pattern.  A theoretical dipole would be placed so as to produce a maximum in the direction calculated.  Then the pattern expected from the dipole is calculated for the various reading locations.  A comparison to the actual readings yields reveals the similarity of the source with a dipole antenna.  The process can be repeated with other known antenna types until a good comparison is found.  This information gives insight into the most probable geometric structure of the radiating source.





Frequency and Modulation Analysis





For  the next area of analysis the total emissions spectrum is examined for harmonically related emissions.  These groups of emissions are well known to be spaced at intervals of the fundamental frequency.  In addition to determining the fundamental frequency of the signal creating these emissions groups an estimation  may be  made of  the size of the radiating structure.  This is accomplished by identifying the frequency or frequencies in each group with the highest amplitude.  By calculating the dimensions of the identified antenna type which would most effectively radiate at this frequency or frequencies, the most probable size of the radiating structure is determined.  





Modulation Content





There are various standard techniques for determining the modulation content of a signal.  One of the easiest is simply to use a spectrum analyzer in zero span mode.  The analyzer display is essentially a frequency specific oscilloscope.  The bandwidths and sweep time is varied until an accurate understanding of the signal modulation is gained.  Other techniques are available which allow more in-depth analysis.  Using one of these approaches information about the modulation of the fundamental frequency may be gained.  In this way a description of the source signal is determined.  This information aids in identifying the source from among a group of signals within the product which are driven at the same clock speed.





Demonstration Data





As a demonstration of this method a monopole and loop antenna were developed and attached to a comb generator, as seen in figures 7 and 9.  The generator  produces spectral lines from 10 MHz to 600 MHz. 
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FIGURE 6: Source with Monopole Antenna





Readings from the two test objects were taken.  The data was analyzed using the method described.  A graphical output calculated displaying the orientation of the predominate source.  The resulting data at 40 MHz is presented in figures 8 and 9.  As expected the readings are indicative of the differences in these radiating sources.





Conclusion





This paper has presented a new diagnostic tool which is made available by the fundamentally different nature of GTEM readings.  Heretofore, GTEM's have been used to simulate OATS readings.  However, for diagnostic purposes there is great advantage to be gained in the differences between these two measurement techniques.





The technique presented here analyzes the electromagnetic characteristics of a radiating source and then adds to this signal analysis information about the same source.  Taken together this information yields a surprisingly thorough description of the radiating structure and its driving signal.  Armed with this insight the EMC engineer in greatly aided in his efforts to identify, analyze and ultimately correct an emissions problem
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FIGURE 7: Source with Loop Antenna
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FIGURE 8: 40  & 390 MHz Data 


from Monopole Antenna
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FIGURE 9: 40  & 390 MHz Data 


from Loop Antenna





purposes there is great advantage to be gained in the differences between these two measurement techniques.





The technique presented here analyzes the electromagnetic characteristics of a radiating source and then adds to this signal analysis information about the same source.  Taken together this information yields a surprisingly thorough description of the radiating structure and its driving signal.  Armed with this insight the EMC engineer in greatly aided in his efforts to identify, analyze and ultimately correct an emissions problem.
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TAKE READINGS





Take Required TEM cell readings





(typically 9 positions)





DEVELOP PARALLEL EQUATIONS





Substitute Readings and Angular Coefficients into General  Field Equation to Develop a Set of Parallel Equations.





	Vnormalized2  =


	 (Py*cos(Qy) + Px*cos(Qx) + Pz*cos(Qz))2  


	 + (k0(My*cos(ay) + Mx*cos(ax)  + Mz*cos(az)))2 








SOLVE FOR MOMENTS





Solve for electric and magnetic moments.





	Px, Py, Pz, and Mx, My, Mz





CALCULATE MOMENT AMPLITUDE & ORIENTATION





Calculate maximum amplitude and orientation for each dipole moment.





	Pmax = (Px2 + Py2 + Pz2)1/2


	Mmax = (Mx2  + My2 + M2)1/2











CALCULATE GAIN





Calculate the gain of the radiating structure.





IDENTIFY ANTENNA TYPE





Use moments to calculate the field impedance.  Use the field impedance and gain to categorize the emitting source’s antenna type. 








IDENTIFY 


DIMENSION 


& 


FUNDAMENTAL FREQUENCY





Examine the EUT emissions spectrum.  Identify harmonically related emission components.  





Examine harmonically related emissions and identify maxima.  Calculate the resonant dimensions suggested by the identified maxima.





From the frequency spacing of harmonically related emissions identify the source fundamental frequency.








IDENTIFY MODULATION CONTENT





Examine emission of interest for modulation content.





IDENTIFY RADIATING SOURCE





Using the information developed about he radiating source and EUT documentation identify radiating circuit within the EUT.











