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I. INTRODUCTION 
 

PCBs on consumer electronic devices are jam-packed with a lot of functioning subsystems. Some of these 
products have 4- or 6-layer boards which tend to further cram spacing between traces. An important 
consequence of such dense routing involves critical traces lying close to each other, some of them being 
high speed CLK or Data traces. In many cases, these traces tend to carry much higher than required energy 
at much higher frequency levels, potentially desensing the antenna. This report shows the implementation 
of one such filter and a corresponding improvement in isolation at the antenna.  

 

II. SIMULATION SETUP 
 

For performing simulations, let us consider a simple PCB as shown. The PCB consists of two traces and 
an inverted-F antenna resonant between 2.2 ~ 2.4 GHz. In figure 1, the labels indicate point to a noisy 
trace and a ‘low-speed trace’. Noisy traces can be a high-speed clock, of the order of a few MHz to a few 
GHz. Typically, such high-speed clocks and data traces can carry a lot of harmonic energy that can fall 
into the antenna’s operating frequency. The low-speed trace could be an I2C trace or a power trace which 
could be carrying signals operating at a few kHz which do not usually carry significant harmonic energy 
in hundreds or thousands of MHz, and hence, are of minimal impact to the antenna by themselves.  

 

Figure 1. PCB for simulation experiments with parts labelled 



For our simulation, let’s consider multiple cases as labeled below: 

Case I Traces close to each other, with 0.1mm separation 
Case II Filter at the high-speed (orange trace) on the same PCB as case I 
Case III Filter at the low-speed (purple trace) on the same PCB as case I 
Case IV Two filters, one at the high-speed trace and one more at the low speed trace 

 

Additionally, to understand the circumstances where a filter will be needed and its behavior, circuit level 
analysis considering the side effects of filters, along with its source and sink impedance characteristics are 
also being simulated and studied in this document.  

     

Figure 2a, Figure 2b: Indicates Case I and Case II  

        

Figure 3a: Indicates Case III; Figure 3b: Shows a zoomed in view of the L-C filter (L in series, C in shunt) 

 

From the images above, it can be observed that case II is with filter at the high-speed trace itself (source), 
while case III shows the filter in the low speed traces. Often, noisy high-speed traces can be buried in the 
inner layers of the PCB, where the noise couples to a lower speed traces that surfaces out. When buried 
traces are inaccessible for a filter rework, the next best possible solution is to install them on the coupled 
trace. Hence case III becomes very relevant. Case IV is to simulate the best possible case where both 
filters are placed, on the source and coupling mechanism to provide additional filtering.  



 

Figure 4: Filter schematic with Murata parts (10nH inductor, 2pF capacitor) 

 

To observe the impact, the ports are assigned to the traces are as shown below. The isolation between 
port 1 and 5 gives us the impact of coupling, where port 5 is the antenna resonance. To understand the 
phenomenon better, the E-fields and H-fields will also be looked at.  

 

Figure 1. Port assignment: Port 1-2, port 3-4 are the two traces, port 5 is the antenna 

 

 

 

 

 

 

 

 

 



III. RESULTS 
 

(i) Filter’s frequency domain response 

The filter’s cut-off frequency is at around 1.5GHz, with an 10nH and 2pF low pass filter built with Murata 
components. The filter response is shown below. 

 

Figure 2. Filter’s insertion loss (S21) response in dB 

 

(ii) Filter’s impact on isolation improvement 

Figure 7 shows the isolation between the antenna and the source (Port 1, of the high-speed trace). The way 
RF filters work is by the principle of reflections, where the signals in the frequencies of the stop band are 
reflected back to the source by the filter because of an impedance mismatch at the stop band frequencies. 
In the pass band of the filter where the losses are minimal, the impedance is matched which limits the 
losses just to the insertion loss of the trace and the component.  

With this in mind, on observation of results of case II and IV, the return loss at 2.25GHz of port 1 (the 
high-speed trace) is less than 1dB, which implies that signals entering the trace through port 1 are reflected 
back, and this is due to the presence of the filters on the high-speed trace in the cases II and IV. 
Incidentally, these are the exact two cases where the isolation is maximum. Since the signals get filtered 
at the source itself, they don’t get to spread through the board and thus the high isolation is observed. 
While this seems straight-forward, very often, this can cause signal quality impairments leading to 
decreased signal amplitudes and slower rise and fall times. Case IV seems even better, indicating that even 
in the presence of a filter at the source, reflections and leakages at and through the filter on the high-speed 
trace can still couple to the low speed trace. Thus, the most isolation is observed in Case IV.  

In the cases I and III, the return loss of port 1, the high-speed trace, indicates that energy enters the trace 
and spreads through the board, reaching the antenna, causing the isolation to degrade. Case III also 
indicates that, a small portion of the signals from the high-speed trace leaks to the low speed trace, which 
upon filtering, gives a little improvement in isolation. In cases where the high-speed trace is buried, the 
low speed trace will be the only trace that would need to be filtered, since radiated leakage from the high-
speed trace (if any) would be absent owing to the shielding provided by the upper layers.   



 

Figure 7. S-parameters responses of the 3D simulations of Cases I-IV. Port 5 is the antenna, Port 1 is the high-speed trace. 

In the above discussion, it was mentioned that the unfiltered signals ‘spread through the board’ to the 
antenna. The following section explains this phenomenon clearly with the help of field analysis.  

 

(iii) Electromagnetic fields in the presence of the filter 

The tangential and normal E-fields on the PCB are shown in Figure 8 for all the 4 cases. Case I shows the 
high intensity radiation due to both tangential and normal components and shows how the E-field sensitive 
region of the antenna picks up the fields. Also, cases II and IV clearly show the absence of high intensity 
fields in the high-speed trace owing to the filter on the same trace, correlating with the isolation results. 
The rather distorted fields on the high-speed trace depicts the attenuated signals. Tangential E-fields in 
case IV also shows how the reflections from the filter of the low speed trace distorts fields in the main 
trace. Which implies, even when the coupled trace is filtered, there could be potential signal integrity 
impact on the high-speed trace itself. With double filtering, case IV clearly shows the decrease in field 
strength in both the components demonstrating best isolation. 

 



 

Figure 8. Normal and Tangential E-fields observed on the PCB on all the 4-cases 

 

Figure 9 presents a comparison of the tangential components of E-fields and H-fields to understand the 
‘spreading’ or fringing of the fields that are responsible for the coupling. The presented view is the cross-
section of the PCB where the left most point is the high-speed trace and the point in the center is the low-
speed trace, with antenna in the right end of the picture.  



Case I seems obvious, with high degree of fringing energy observed in both E- and H-components. Results 
of cases II and IV are the interesting ones; these are the cases where the filter is present on the high-speed 
trace itself. Clearly, a containment of the fields is observed in case of tangential E-fields, whereas H-fields 
barely shows any containment. Thus, all the improvement observed in isolation is owing to the reduction 
in the E-field spread (or fringing) through the board.  

 

Figure 9. Tangential E-fields and H-fields observed on the PCB on all the 4-cases 

 

(iv) Filter’s time domain response and possible side effects 

The filter’s L-C network causes a resonance, which results in an overshoot, which can be observed in the 
circuit’s time domain response. This overshoot causes higher levels of energy in higher harmonics and 
potentially radiate towards the antenna causing desense. A series resistor can be used to dampen as shown 
in the figure, to reduce the overshoot (R+LC filter). 

  
Figure 10a: Without a filter; Figure 10b, 10c: With an L-C and an R+LC filter 



 

 

 
Figure 11a: Response of the circuit without filter; Figure 11b: (Blue) Response of L-C filter and (Red) Response of R+LC filter 

 

The use of a resistor clearly produces a voltage drop across the entire bandwidth potentially causing signal 
integrity concerns. In such cases the use of a ferrite bead would come in handy since ferrites impede 
signals only at select frequencies. Care should be taken while choosing a ferrite, since their impedance 
decays considerably with an increase in the amount of current on the line, making them futile sometimes. 

 

(v) Filter’s effectiveness with variable source and load impedances 
 
Sources of noise in an electronic product can originate from different subsystems – from high speed 
interfaces like cameras to low speed switchers like audio amplifiers. Filters are necessary to suppress 
noise emissions for RFI or EMC purposes and very often, the source and the load impedances are not 
controlled. Under such occasions, although a low pass filter topology remains the same, the component 
order is of critical importance.  
 
As mentioned earlier, filters at high frequency work based on the principle of reflection in the stop band. 
Thus, for the best mismatch to occur, a series high-impedance component like an inductor or a ferrite-
bead will be very effective against low source/load impedance and a shunt low-impedance component 
like a capacitor will be effective against high source/load impedance.  
 
From the figure 12, it is clear that when the source impedance is small (S1,2), a series inductor seems to 
be more effective than a shunt capacitor when facing the source. When the source impedance is large 
(S9,10), shunt capacitor facing the source shows higher rejection at higher frequencies. Even when the 
load impedance is changed from low to high, a similar behavior is observed.  
 



 

 

  

 
Figure 12: Filter component placement across varied source and load impedances and its impact on high frequency rejection 

 

 

IV. CONCLUSION 
 

The study helps in obtaining a deeper understanding of filters when used in RFI/Desense applications to 
prevent coupling. Filter’s potential side effects and the factors affecting its usage are also studied, 
equipping the reader with all necessary information before implementing a filter on a PCB. 
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