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Top 10 EMC Design Considerations 
By Ashish Kumar, Product Engineer Sr and Pushek Madaan, Applications Engineer Sr, Cypress Semiconductor Corp. 

With the increasing demand for high-speed circuits, PCB design is becoming significantly more challenging. Along with design 
of the actual logic on the PCB, engineers have to consider several other aspects that affect the circuit like power consumption, 
PCB size, environment noise, and EMC. The following guidelines will describe how hardware engineers can address EMC 
issues during the PCB design phase to a system free of EMC faults.  

1. Ground Planes – A low inductance ground system is the most vital element when designing a PCB for minimizing EMC. 
Maximizing the ground area on a PCB reduces the inductance of ground in the system, which in turn reduces 
electromagnetic emissions and crosstalk. 

Signals can be connected to ground using different methods. A poor PCB design is one where components are connected 
randomly to ground points. Such a design generates high ground inductance and leads to unavoidable EMC issues.  

A recommended design approach is to have a full ground plane as it provides the lowest impedance as the current returns 
back to its source. However, a ground plane requires a dedicated PCB layer which may not be feasible for two-layer 
PCBs.  In such case, designers are recommended to use ground grids as shown in Figure 1a. The inductance of ground 
in this case will depend on the spacing between the grids. 

 

The way a signal returns to system ground is also very important because when a signal takes a longer path, it creates a 
ground loop which forms an antenna and radiates energy. Thus, every trace carrying current back to the source should 
follow the shortest path and must go directly to the ground plane. Connecting all the individual grounds and then 
connecting them to the ground plane is not advisable because it not only increases the size of current loop but also 
increases the probability of ground bouncing.  Figure 1b shows the recommended method of connecting components to 
the ground plane. 

Using a Faraday’s cage is another good mechanism for reducing the problems caused by EMC. A Faraday cage is 
formed by stitching the ground on the complete periphery of the PCB and not routing any signal outside this boundary 
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(see Figure 1c). This mechanism restricts the emission/interference from/to the PCB within/outside the boundary defined 
by the cage. 

2. Component Segregation – For an EMC-free design, components on the PCB need to be grouped according to their 
functionality, such as analog, digital, power supply sections, low-speed circuits, high-speed circuits, and so on. The tracks 
for each group should stay in their designated area. For a signal to flow from one subsystem to another, a filter should be 
used at subsystem boundaries.   

3. Board Layers – Proper arrangement of the layers is vital from an EMC point of view. If more than two layers are used, 
then one complete layer should be used as a ground plane. In the case of a four-layer board, the layer below the ground 
layer should be used as a power plane (Figure 2a shows one such arrangement). Care must be taken that the ground 
layer should always be between high-frequency signal traces and the power plane. If a two-layer board is used and a 
complete layer of ground is not possible, then ground grids should be used.  If a separate power plane is not used, then 
ground traces should run in parallel with power traces to keep the supply clean.  

4. Digital Circuits – When dealing with digital circuits, extra attention must be given to clocks and other high-speed signals. 
Traces connecting such signals should be kept as short as possible and be adjacent to the ground plane to keep radiation 
and crosstalk under control. With such signals, engineers should avoid using vias or routing traces on the PCB edge or 
near connectors. These signals must also be kept away from the power plane since they are capable of inducing noise on 
the power plane as well. 

While routing traces for an oscillator, apart from ground no other trace should run in parallel or below the oscillator or its 
traces.  The crystal should also be kept close to the appropriate chips. 

It is also worth noting that return current always follows the least reactance path.  Therefore, ground traces carrying return 
current should be kept close to the trace carrying its associated signal to keep the current loop as short as possible. 

Traces carrying differential signals should run close to each other to most effectively use the advantage of magnetic field 
cancellation. 

5. Clock Termination – Traces carrying clock signals from a source to a device must have matching terminations because 
whenever there is an impedance mismatch, a part of the signal gets reflected. If proper care is not provided to handle this 
reflected signal, larges amount of energy will be radiated. There are multiple forms of effective termination, including 
source termination, end termination, AC termination, etc. 

6. Analog Circuits – Traces carrying analog signals should be kept away from high-speed or switching signals and must 
always be guarded with a ground signal. A low pass filter should always be used to get rid of high-frequency noise 
coupled from surrounding analog traces. In addition, it is important that the ground plane of analog and digital subsystems 
not be shared. 

7. Decoupling Capacitor – Any noise on the power supply tends to alter the functionality of a device under operation. 
Generally, noise coupled on the power supply is of a high frequency, thus a bypass capacitor or decoupling capacitor is 
required to filter out this noise. A decoupling capacitor provides a low impedance path for high-frequency current on the 
power plane to ground. The path followed by the current as it travels toward ground forms a ground loop. This path should 
be kept to a minimum possible level by placing a decoupling capacitor very close to the IC (see Figure 2b).  A large 
ground loop increases the radiation and can act as a potential source of EMC failure.  
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The reactance of an ideal capacitor approaches to zero with increasing frequency. However, there is no such thing as an 
ideal capacitor available on the market.  In addition, the lead and the IC package add inductance as well. Multiple 
capacitors with low ESL (Equivalent Series Inductance) should be used to improve the decoupling effect. 

8. Cables – Most EMC-related problems are caused by cables carrying digital signals that effectively act as an efficient 
antenna. Idealy, the current entering a cable leaves it at the other end. In reality, parasitic capacitance and inductance 
emit radiation. Using a twisted pair cable helps keep coupling to a low level by cancelling any induced magnetic fields. 
When a ribbon cable is used, multiple ground return paths must be provided. For high-frequency signals, shielded cable 
must be used where the shielding is connected to ground both at the beginning and at the end of the cable. 

9. Crosstalk – Crosstalk can exist between any two traces on a PCB and is a function of mutual inductance and mutual 
capacitance proportional to the distance between the two traces, the edge rate, and the impedance of the traces. In digital 
systems, crosstalk caused by mutual inductance is typically larger than the crosstalk caused by mutual capacitance. 
Mutual inductance can be reduced by increasing the spacing between the two traces or by reducing the distance from the 
ground plane.  

10. Shielding – Shielding is not an electrical solution but a mechanical approach to reducing EMC. Metallic packages 
(conductive and/or magnetic materials) are used to prevent EMI from escaping the system. A shield may be used either to 
cover the whole system or a part of it, depending upon the requirements. A shield is like a closed conductive container 
connected to ground which effectively reduces the size of loop antennas by absorbing and reflecting a part of their 
radiation. In this way, a shield also acts as a partition between two regions of space by attenuating the radiated EM 
energy from one region to another. A shield reduces the EMI by attenuating both the E-Field and H-field component of 
radiating wave.   

 

 

Published in Electronic Products (http://www2.electronicproducts.com/)  February 2011 



 

   

 

 

Top 10 EMC design considerations  Page 4 of 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Cypress Semiconductor 
198 Champion Court 

San Jose, CA 95134-1709 
Phone: 408-943-2600 

Fax: 408-943-4730 
http://www.cypress.com 

 

© Cypress Semiconductor Corporation, 2007. The information contained herein is subject to change without notice. Cypress Semiconductor Corporation assumes no responsibility for the 
use of any circuitry other than circuitry embodied in a Cypress product. Nor does it convey or imply any license under patent or other rights. Cypress products are not warranted nor intended 
to be used for medical, life support, life saving, critical control or safety applications, unless pursuant to an express written agreement with Cypress. Furthermore, Cypress does not authorize 
its products for use as critical components in life-support systems where a malfunction or failure may reasonably be expected to result in significant injury to the user. The inclusion of 
Cypress products in life-support systems application implies that the manufacturer assumes all risk of such use and in doing so indemnifies Cypress against all charges.  

PSoC Designer™, Programmable System-on-Chip™, and PSoC Express™ are trademarks and PSoC® is a registered trademark of Cypress Semiconductor Corp. All other trademarks or 
registered trademarks referenced herein are property of the respective corporations.  

This Source Code (software and/or firmware) is owned by Cypress Semiconductor Corporation (Cypress) and is protected by and subject to worldwide patent protection (United States and 
foreign), United States copyright laws and international treaty provisions. Cypress hereby grants to licensee a personal, non-exclusive, non-transferable license to copy, use, modify, create 
derivative works of, and compile the Cypress Source Code and derivative works for the sole purpose of creating custom software and or firmware in support of licensee product to be used 
only in conjunction with a Cypress integrated circuit as specified in the applicable agreement. Any reproduction, modification, translation, compilation, or representation of this Source Code 
except as specified above is prohibited without the express written permission of Cypress.  

Disclaimer: CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD TO THIS MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Cypress reserves the right to make changes without further notice to the materials described 
herein. Cypress does not assume any liability arising out of the application or use of any product or circuit described herein. Cypress does not authorize its products for use as critical 
components in life-support systems where a malfunction or failure may reasonably be expected to result in significant injury to the user. The inclusion of Cypress’ product in a life-support 
systems application implies that the manufacturer assumes all risk of such use and in doing so indemnifies Cypress against all charges.  

Use may be limited by and subject to the applicable Cypress software license agreement. 

Published in Electronic Products (http://www2.electronicproducts.com/)  February 2011 

http://www.cypress.com/

	Top 10 EMC Design Considerations

