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Abstract - This paper presents the utilization of the emission 

source microscopy (ESM) technique to localize active sources of 

radiation on a PCB. For complex and large systems with multiple 

sources, localizing the sources of radiation often proves difficult. 

Near-field scanning provides limited information about the 

components contributing to far-field radiation. Two-dimensional 

synthetic aperture radar, a well-known technique used to 

diagnose and align phase array antennas, is adapted as emission 

source microscopy and utilized here for this alternative 

application. This paper presents the source localization 

methodology, along with simulation and measurement results. 

The results show that the proposed method can detect multiple 

active sources on a complex PCB. 

Keywords — source localization; EMI; emission source 

microscopy; SAR; near-field scanning. 

I. INTRODUCTION 

Near-field electromagnetic scanning often is used for root 
cause diagnosis by determining near-field radiation patterns 
and coupling mechanisms. Near-field scanning may provide 
information about the surface current, tangential fields and the 
reactive near-field distribution on the device under test (DUT). 
The near-field contains both evanescent and propagating fields. 
The evanescent waves are dominant, which may lead to the 
misinterpretation of the dominant sources contributing to the 
far-field. In practice, however, engineers mainly are concerned 
about only the sources of electromagnetic interference (EMI) 
contributing to far-field radiation. To identify these sources, 
engineers must depend upon their experience or trial and error. 
Another limitation of near-field scanning is that the probe may 
not be able to access all locations near the PCB due to the 
complex geometry and high component density. This leads to 
the incorrect measurement of fields at different vertical 
distances from the PCB. One advantage of near-field scanning 
is that it can achieve better resolution depending upon the 
scanning step and the probe size. 

To overcome the limitations of near-field scanning in 
locating EMI radiation sources, the emission source 
microscopy presented in this paper can be used to determine 
the sources of far-field radiation. In the literature, the 
investigators in [1] discussed a similar idea for detecting faulty 
antennas in antenna arrays. They performed two phase-
synchronized near-field measurements before applying the 
synthetic aperture radar (SAR) algorithm to detect faulty 

antennas. SAR techniques are used mainly for antenna 
diagnostics and antenna pattern measurements [2]. Such 
techniques also have been used for microwave imaging to 
detect concealed objects and structural defects [3]-[5]. Standard 
SAR methods use signals reflected from a target and received 
by a scanning antenna to reconstruct the target’s image. The 
method proposed in this paper uses a 2D ESM algorithm based 
on the SAR technique to detect active sources of radiation on a 
complex PCB. The fields from the active radiation sources, 
along with the amplitude and phase, are measured on a planar 
surface away from the DUT. The ESM algorithm is applied to 
propagate the fields back to the source plane and to localize the 
source of radiation. The method is presented using an 
analytical formulation and validated using both full-wave 
simulations and measurements. 

II. EMISSION SOURCE MICROSCOPY ALGORITHM 

A. Analytical formulation of 2D ESM algorithm 

To apply the ESM algorithm, the fields from the sources 
are measured on a planar surface approximately two to three 
wavelengths from the DUT in order to be outside the DUT’s 
reactive near-field and to achieve the minimal effect of the 
probe on the DUT’s fields. Observing the field pattern on the 
planar scanning field yields very limited information about the 
location and number of radiation sources. 

The measured fields on the observation plane can be 
expanded using plane wave spectrum theory, which states that 
any monochromatic but otherwise arbitrary wave can be 
represented as a superposition of plane waves travelling in 
different directions with different amplitudes but the same 
frequency. According to [6], the electric field intensity in a 
charge-free region on a plane         can be represented as a 
superposition of plane waves in the form of Fourier transform, 
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Here,    and    are the spectrum wavenumbers in the   and 

  directions, respectively, and   and    are the forward and 
reverse Fourier transform operators, respectively. It has been 
shown [7] that the spectrum of the field on any plane parallel to 
(       can be found using, 
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 is the planar wave 

dispersion relation,         is the free-space wavenumber, 
and   is the wavelength of the active source of radiation. 

Therefore, if the field on the plane (       is known, the 
field on the plane (       can be found using, 

                                                (4) 

where ‘ ’ is the vertical distance of the scanning plane from 
the source plane. 

Equation 4 allows back-propagation of the field on one 
plane to another. If the fields are measured on the plane parallel 
to the antenna aperture or any other planar source, (4) then the 
fields on the source plane can be reconstructed. In reality, the 
fields are not available in the form of continuous functions, as 
in (1) and (2), but instead are sampled at discrete locations. In 
the case of uniform sampling, (4) would result in discrete 
rather than continuous Fourier transforms. Equation (4) serves 
as the basis of the 2-D ESM algorithm.  

In principle, the fields          can be obtained 
simultaneously using antennas or probe arrays [8]; however, 
this is difficult to achieve. A more practical approach is to use 
a moving probe or antenna and sample the field sequentially 
from point to point. In this case, the scanning plane can be 
thought of as a synthetic aperture of a big antenna, or radar. 
This will, however, limit the method to identifying time-
harmonic sources. The rectangular scanning plane is divided 
into a grid of N x M points. The sampling points on the 
scanning grid are chosen to be less than     in order to satisfy 
the Nyquist spatial sampling criterion [9]. Although the 
Nyquist rate is not required for reconstruction, uniformly 
sampling data at the Nyquist rate reduces the overall 
complexity of the reconstruction algorithm [10]. At grid 
sample points, the tangential electric field components Ex and 
Ey are measured. 

The resolution of scanning, height of the scanning plane, 
and frequency of operation affects the final resolution of the 
reconstructed image. From optics [11], the numerical aperture 
of the lens is given as, 

                                                   (5) 

where ‘ ’ is the refractive index of the medium, and   is 
one-half of the aperture angle in radians, as shown in Fig. 1. 
Here, ‘d’ represents the length of the smallest side in meters, 
and ‘h’ is the height of the scanning plane above the DUT in 

meters. Based on the numerical aperture in (5), the resolution 
of the reconstructed image can be given as, 

                                                   (6) 

 

 This limits the resolution that can be achieved in the 
reconstructed image. For an infinitely wide scanning plane, the 
aperture angle would be 90 degrees, and with air as the 
medium, the maximum N.A. would be 1. This limits the 
maximum resolution to     . 

B. Method validation on a PCB 

In order to assess the usefulness of the ESM method for 
EMC applications, a custom PCB with several patch antennas 
and transmission lines was built. Fig. 2 shows the full-wave 
model of the PCB built in the CST microwave studio full-wave 
simulator [12]. The model was built so that the experimental 
and simulation results could be compared. The patches and 
traces on the PCB could be excited and terminated individually 
or simultaneously using a resistive splitter. The PCB was 254 
mm x 152 mm, with bigger patches of 20 mm on each side. 
The ground plane was set as perfect electric conductor (PEC) 
in the simulation, and the dielectric material between the trace 
and the ground plane was FR-4 with    4.3. The simulation was 
performed at 8.2 GHz.  

 

The planar field amplitude and phase data were recorded on 
a rectangular plane above the PCB. The scanning resolution of 
the rectangular plane was 5 mm, which satisfies the Nyquist 
spatial sampling criteria. To validate the method, patches P1 
and P2 were excited simultaneously. Using the time-domain 
solver in CST, the tangential electric fields    and    were 

sampled at a height of 5 cm above the DUT, as shown in Figs. 
3 and 4. 

The image of the PCB was overlapped and aligned with the 
image of the scanned fields to allow an observation of the 
underlying physical sources of radiation. As Figs. 3 and 4 
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Fig.  1.  Aperture angle given by the span of the scan plane 
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Fig.  2.  Model of the custom PCB 



indicate, no particularly useful information about the source of 
radiation was obtained by observing the scanned fields. 
However, when the ESM algorithm given in (4) was applied to 
the scanned fields, and the reconstructed field on the PCB 
plane was obtained, the sources were localized easily. The 
reconstructed fields on the source plane for both orientations 
appear in Figs. 5 and 6. 

 

The resolution of the reconstructed image, as calculated 
using (6), was 1.9 cm. The ripples in the reconstructed images 
around the sources were caused by the truncation of the fields 

in the spatial domain during the measurement and are actually 
diffraction rings, which are common in optical microscopy. 

For measurement, an open-ended waveguide with a 
working range of 8.2-12.4 GHz was used as a scanning 
antenna. It was held and moved in a uniform rectangular grid 
over the custom PCB using an API 3-axis EMI scanning 
system [13]. The patches were excited at 8.2 GHz. A vector 
network analyzer (VNA) was used to measure the amplitude 
and phase of the scanned fields. Port 1 of the VNA fed a 
resistive splitter to excite patches P1 and P2, while Port 2 of 
the VNA was connected to the scanning antenna to receive the 
signal. The S21 measurement of the VNA provided the 
amplitude and phase of the fields over the scanning plane. The 
scanning area was much smaller than in the simulation due to 
the limited range of the scanning system. The scanned fields 
from the measurement over the PCB for both orientations 
appear in Figs. 7 and 8.  

 

After applying the ESM algorithm on the measured data 
and reconstructing the image from the source plane, the 
sources were identified in both orientations, as in the 
simulation, as shown in Figs. 9 and 10. 

 

 
Fig.  3.  Scanned Ex magnitude (V/m) field on a rectangular plane at 5 cm 

above DUT using full-wave simulation 

 
Fig.  4.  Scanned Ey magnitude (V/m) field on a rectangular plane at 5 cm 

above DUT using full-wave simulation 

 
Fig.  5.  Reconstructed Ex field magnitude (V/m) on the source plane 

 
Fig.  6.  Reconstructed Ey field magnitude (V/m) on the source plane 

 
Fig.  7.  Measured Ex field magnitude |S21 | on a rectangular plane at 5 
cm above the DUT 

 
Fig.  8.  Measured Ey field magnitude |S21 | on a rectangular plane at 5 

cm above the DUT 

 

 
Fig.  9.  Reconstructed    field magnitude on the source plane 



 

C. Source localization on an FPGA SI trans-receiver board  

 For real DUT, such as FPGA boards, routers, etc., both the 
scanned amplitude and the phase must be measured. A VNA 
can be operated in the tuned receiver mode with the internal RF 
source turned off. In this mode, the VNA can measure the 
individual amplitudes and phase difference between the inputs. 
For a real hardware board, such as an FPGA board, a reference 
signal to one port of the VNA can be obtained either by 
tapping the signal from the board or using a stationary 
reference antenna. The other port of the VNA can be used as an 
input from the scanning antenna. For the FPGA board, the 
differential clock signal was output on two SMA connectors as 
shown in Fig. 11. The reference was obtained by tapping the 
signal from one of the lines of the FPGA clock’s differential 
pair while keeping the other signal line open. The diagram of 
the phase-resolved measurement setup appears in Fig. 12. 

 

The FPGA was programmed to output a pseudorandom bit 
sequence at one of the differential channels. The clock 
frequency for the FPGA was 3.125 GHz. The spatial resolution 

at the clock frequency calculated using (6) was 5 cm, which 
might be not enough to determine the location of the source on 
the FPGA board; therefore, the third harmonic, 9.375 GHz, 
which gave the maximum resolution of 1.56 cm, was used to 
conduct the experiment. The scanning antenna employed was 
the open-ended waveguide with a working range of 8.2-12.4 
GHz connected on the moving arm of the API 3-axis EMI 
scanning system [12]. The scanning step was kept at 7 mm in 
both the x and y directions. The measured field magnitude for 
Ex component at a height of 5 cm above the FPGA board 
appear in Fig. 13. As observed, no useful information about the 
sources of radiation could be obtained from the scanned fields.  

Also near-field scan with a scanning step of 3 mm was 
performed using a near-field magnetic loop probe at 0.5 mm 
above the PCB surface. Here as compared to the ESM 
measurement only the magnitude needs to be measured. The 
result of near-field scanning is shown in Fig. 14. As observed 
in the near-field scan the active differential trace is observed. 
Here the fields include both the evanescent wave components 
and the radiating components and detection of the radiation 
source is problematic. Next using the fields measured at 5 cm 
away from the DUT, ESM technique is applied and fields are 
back-propagated to the PCB plane. The total reconstructed 
fields on the PCB plane appear in Fig. 15. 

 

 
Fig.  10.  Reconstructed    field magnitude on the source plane 
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Fig.  11.  Actual FPGA board structure 
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Fig.  12.  Phase measurement methodology 

 

 
Fig.  13.  Measured field magnitude on a grid at 5 cm above the DUT 

 
Fig.  14.  Measured tangential fields (magnitude) for the FPGA board 

using near-field scanning 

 
Fig.  15.  Focused field magnitude on the PCB plane without termination. 

 

 

 



As Fig. 15 indicates, there are two sources of radiation – 
the FPGA heat sink and SMA connectors. Due to the non-
termination of the active differential lines, a common mode 
current was generated on the traces and radiated from nearby 
structures, such as the heatsink cavity and the SMA connector. 

III. CONCLUSION 

The first step in mitigating EMI involves identifying the 
source of radiation on the DUT, which allows a much more 
effective solution to be applied. The emission source 
microscopy technique presented in this paper can help not only 
to approximately identify the sources of radiation on the PCB, 
but also to quantify the effect of EMI mitigation techniques on 
the particular source. This can lead to improved, more cost-
effective EMI mitigation solutions. 
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