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Abstract 
 
 A method for representing the radiated emissions from a PCB with a ground plane using equivalent magnetic 
dipoles is described.  The equivalent magnetic dipoles are first deduced from near field scans.  The predicted fields 
from these equivalent source dipoles are then compared with a full simulation of the PCB. The resolution necessary 
to reproduce the radiated fields from a microstrip track to a good accuracy is investigated.  It is found that the main 
considerations are the accuracy to which field phase variations can be measured and the number of the deduced 
dipole sources. Predicted field patterns are shown to compare favourably with full field simulations, but amplitude 
results may differ by 10dB in the far field. 
 

1. Introduction 
 

It is not feasible to model completely the complexity of Printed Circuit Boards (PCBs) in full field 
electromagnetic simulation packages for EMC studies as such detail would involve far too much computation.  For 
design purposes often the full detail of a PCB may not be known sufficiently to be fully modelled anyway. Some 
form of simplification is necessary.  Near-Field scanning is a popular technique for characterizing the operation of 
the device under test and also its far field radiation.  This has proven to be a particularly valuable technique in 
antenna design [1]. It has also been developed for emissions tests in electromagnetic compatibility (EMC) studies of 
Printed Circuit Boards (PCBs) and integrated circuits [2,3]. The increasing clock speeds to several GHz, in 
electronic devices, has meant that PCBs are becoming very efficient radiators.  Often the signal properties of PCBs 
become difficult to predict. The accurate quantification of the electromagnetic emissions or radiation losses from the 
PCBs is therefore becoming more important.  In this paper a method of representing the emissions from a PCB with 
a ground plane by using an array of equivalent magnetic dipoles is investigated.  The fundamental problems are: 
how many equivalent dipoles are necessary and what resolution is required for good accuracy. The deduced radiated 
fields are compared with the results from a full field solver (based on MoM). 
 

2. Theory 
 

 For an arbitrary PCB with a ground plane the H field component of the radiating fields can be represented by 
an array of magnetic dipoles and their image as depicted in Fig. 1.  In this approach only one component of the 
magnetic near fields in a plane parallel to the ground plane of the PCB are measured.  In Cartesian coordinates every 
dipole at location (x0, y0, z0) will contribute to the field at each measurement point as given by (x, y , z)  (1). 
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where k= the  wave number and  2 2 2
0 0 0( ) ( ) ( )r x x y y z z= − + − + −  

The measured magnetic field from an array of scanned points in the near field plane are therefore related to the array 
of source magnetic dipoles by a matrix equation of the form: 

    ,      x x y yH MP H MP= =         (2) 

 Where M is an array of magnetic monopoles and the elements of the P matrices are given by  
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The magnetic field dipole array is then found by solving (2) for M. To obtain a unique solution for M the total 
number of scanned field dipoles must not exceed the total number of measured field points.  Note that it is necessary 
to measure both the magnitude and the phase of the magnetic field components.  However, it has been found that 
this approach is sensitive to small phase errors which were difficult to measure. Even a 1mm shift gave considerable 
variations at 1 GHz. Therefore 2.5 mm scan step size and an averaging scheme to smooth the phasor measurements 
and reduce the errors was adopted. A nine point smoothing technique was used as given by the convolution: 
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and H is the measured complex magnetic field phasor 
 

3. Simplify the dipole array and re-calculate the current 
 

The initial dipole array is set to be a matrix with 10 16 as shown in Fig. 2. The area over which the dipoles 
should be placed was also investigated and it was found that the best results were for and area less than the total 
scanned area. The matrix array initially has 160 dipole currents, leading to very heavy computation in the following 
field prediction. However, the computation of the predicted field can be reduced by using a simplified array without 
introducing significant error. The simplification procedure includes ‘removing’ and ‘combining’.  Removing is 
applied if the absolute value of a dipole’s current is very small. The criterion used here is <10% (this criterion is 
adjustable) of the maximum, as in this case the dipole’s contribution to the total field is assumed to be negligible. So 
this dipole can be removed without creating a significant error, as shown in Fig. 3a.  Combining is applied if the 
current of a dipole is very similar to that of the adjacent dipole, as these dipoles’ contribution to the total field can be 
approximated as a single dipole placed at the centre of the original dipoles.  Therefore, adjacent dipoles with very 
similar currents are combined, as shown in Fig. 3b. The criterion here is both real and imaginary part of the currents 
are within 10% of each other (this percentage is adjustable).  After the removing and combining procedure, the new 
simplified array normally has approximately 60% the number of dipoles of the original.  
 
 
 
 
 
 
 
 
 
Fig.1 Magnetic dipole array used to represent emissions 
from a PCB with a ground plane 

 

Fig.2 Initial dipoles layout (10 16) 

 
a)        b) 

Fig.3 Simplification of the dipoles array – a) removing or b) combining 
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4. Measurement setup 
 

To obtain the near-field electromagnetic emission data of PCB experimentally, the near-field scanning 
system in the George Green Institute for Electromagnetics research (GGIEMR) laboratory is used to scan over a 
surface above the PCB and the output of the probe is recorded. Fig. 4 shows the measurement setup. The near-field 
probe is mounted on the 3D positioner with a mechanical resolution of 10�m for the three components (x, y, z). A 
vector network analyzer (VNA) is used to measure the probe output which contains both magnitude and phase 
information. Port 1 of VNA acts as the power supply and port 2 is connected to the probe, so no external power 
supply is used and the phase can be directly measured. An automatic scanning program is developed to control the 
measurements of through GPIB (General Purpose Interface Bus) interface. It also controls the xyz-position through a 
motion controller to move the probe on the scan surface in the near field of the PCB.  The magnetic probes were 
calibrated in a GTEM cell and checked to ensure no significant electric field cross coupling occurred over the 
frequencies of interest. For comparison and calibration purposes the PCBs studied comprised of single microstrip 
tracks, as shown in Fig. 5, which were either straight or bent and located at different locations on the PCB. 

 

 

Fig. 4  Near-field scanning setup using a VNA                         Fig. 5  Top view and cross section of the printed 
circuit board under test 

 
5. Results 

 
Some example results are shown for measurements at a frequency of 1 GHz. Fig. 6 shows the measured Hx 

amplitude and phase (this is the major field component) at a height of 11.5 mm from the track surface of the straight 
track PCB compared with the field predicted from the deduced dipole moments. Fig. 7 shows good agreement 
between predicted H field components at a height of 5cm deduced from dipole equivalent sources and that deduced 
from a full field simulation using the MoM based solver [4]. However at greater heights the amplitudes of the 
predicted fields from the dipole equivalent sources shows a bigger disagreement (approaching 10 dB) with the full 
field solver, as shown in Fig. 8. 

Fig. 10 shows some field simulation results from dipole equivalent of the bent track PCB given in Fig. 9., and 
the comparison with MoM simulation. The computational time for all 3 components Hx, Hy and Hz was 
significantly faster using the dipole equivalent sources. 

            
a)    b)     c) 

Fig. 6  Hx at the measurement height of 11.5 mm above the PCB surface track 
a): Hx magnitude measured, b) Hx phase measured c) Hx deduced from the magnetic dipole sources 
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 a)    b) 
Fig. 7  Deduced Hz field components simulated at 5 cm above      Fig 8.Comparison of simulated maximum Hx 
 the straight PCB track a): dipole equivalent b) MoM              against height from the PCB 
 

           

          
Fig. 9  Geometry of bent track PCB  Fig 10. H field simulated at different heights above the bent 

track PCB Upper row: dipole equivalent; Lower row: MoM  
 

6. Conclusions 
A method for representing the radiating emissions from a PCB with a ground plane using equivalent 

magnetic dipoles deduced from a near filed scan has been described  The predicted fields from these equivalent 
source dipoles compare favourably with a full field simulation of the PCB. A scanning resolution of 2.5 mm was 
necessary for good phase measurement at frequencies up to 1 GHz. The resulting equivalent dipole resolution, 
however, could be considerably reduced by removing negligible dipoles and combining similar dipoles. The 
Predicted field amplitudes are shown to compare favourably with full field simulations up to a height of about 5 cm. 
Above this height the results appear to diverge and the precise cause of this is under investigation but it is related to 
chosen cross-sectional area of the dipole array. 
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