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Ten tips for successfully designing with 
automotive EMC/EMI requirements

Introduction
The automotive industry and individual automobile manu-
facturers must meet a variety of electromagnetic compati-
bility (EMC) requirements. For example, two requirements 
are to ensure that electronic systems do not emit exces-
sive electromagnetic interference (EMI) or noise, and to 
be immune to the noise emitted by other systems. This 
article explores some of these requirements and offers 
some tips and techniques that can be used to ensure that 
equipment designs are compliant with these requirements.

Overview of the requirements for EMC
CISPR 25 is a standard that presents several test methods 
with suggested limits to evaluate the level of radiated 
emissions from a component to be installed in a vehicle.[1, 2] 
In addition to the guidance that CISPR 25 provides to 
manufacturers, most manufacturers have their own set of 
standards to augment the CISPR 25 guidelines. The 
primary purpose of CISPR 25 testing is to ensure that the 
component to be installed in the automobile will not inter-
fere with other systems within the vehicle,

CISPR 25 requires that the electromagnetic noise level 
in the room where the test is performed must be at least 
6 dB lower than the lowest levels being measured. Since 
CISPR 25 has places where it looks for levels as low as 
18 dB (µV/m), an ambient level of less than 12 dB (µV/m) 
is needed. As reference, this is approximately the field 
strength for a typical AM radio station, 1 km from the 
antenna.[3] 

In today’s environment, the only way to meet this 
requirement is to perform testing in a special chamber 
that is designed and built to shield the testing environ-
ment from outside fields. Additionally, since normal 
budgets require that the chamber be of finite size, it is 
important to protect the testing environment from reflec-
tions of signals generated within the room. Therefore, 
test-chamber walls must be lined with a material that will 
not reflect electromagnetic (EM) waves (Figure 1). Test 
chambers are expensive and typically rented by the hour. 
To save costs, it is a good idea to evaluate EMC/EMI issues 
during the design phase to achieve first-time success in 
the chamber.

Another testing standard is the ISO 11452-4 Bulk 
Current Injection (BCI) suite of tests that are used to 
verify if a component is adversely affected by narrow-band 
electromagnetic fields. Testing is done by inducing distur-
bance signals directly into the wiring harnesses with a 
current probe. 

10 tips for successful EMC testing
1. Keep loops small
When a magnetic field is present, a loop of conductive 
material acts as an antenna and converts the magnetic 
field into a current flowing around the loop. The strength 
of the current is proportional to the area of the enclosed 
loop. Therefore, as much as possible, keep loops from 
existing, and keep any required enclosed areas as small as 
possible. An example of a loop that might exist is when 
there is a differential data signal. A loop can form between 
the transmitter and the receiver with the differential lines. 

Another common loop is when two subsystems share a 
circuit, perhaps a display and an engine control unit 
(ECU) that drives the display. There is a common ground 
(GND) connection in the chassis of the vehicle—a connec-
tion to this GND at the display end and at the ECU end of 
the system. When the video signal is connected to the 
display with its own ground wire, it can create one huge 
loop within the ground plane. In some cases, a loop like 
this is unavoidable. However, by introducing an inductor 
or a ferrite bead in the connection to ground, a DC loop 
can still exist, but from an RF emissions standpoint, the 
loop is broken. 

Also, a loop is formed by every differential driver/receiver 
pair when a signal is sent over the twisted-pair cable. 
Generally, this loop has a small area for the cable portion 
of the link because the twisted-pair is tightly coupled. 
However, once the signal gets to the board, close coupling 
should be maintained to avoid opening up the loop area. 
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Figure 1. Typical testing chamber with special 
conical tiles to stop reflections
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2. Bypass capacitors are essential
CMOS circuits are very popular, in part, because of their 
high speed and very-low power dissipation. An ideal CMOS 
circuit only dissipates power when it is changing states 
and when the node capacitances need to be charged or 
discharged. From a power-supply standpoint, a CMOS 
circuit that requires 10 mA on average may be drawing 
many times that during clock transitions, then little or no 
current between cycles. Therefore, emission-limiting tech-
niques are focused on peak voltage and current values 
rather than average. 

Current surging from the power supply to the power pin 
on a chip during clock transition is a prime source for 
emissions. By placing a bypass capacitor close to each 
power pin, the current required to supply the chip during 
the clock edge comes directly from the capacitor. Then 
the charge on the cap builds up with a lower, steadier 
current between cycles. Larger capacitors are good for 
supplying large surges of current, but tend to react poorly 
to very high-speed demands. Very small capacitors can 
react quickly to demand, but their total charge capacity is 
limited and can quickly become exhausted. The best solu-
tion for most circuits is to use a mix of different-sized 
capacitors in parallel, perhaps 1-µF and 0.01-µF capacitors 
in parallel. Place smaller size capacitors very close to the 
chip’s power pins, while larger-sized capacitors can be 
placed further away.

3. Good impedance matching minimizes EMI
When a high-speed signal is sent through a transmission 
line and it encounters a change in the characteristic 
impedance on that line, part of the signal is reflected back 
to the source of the signal and part continues along in the 
original direction. Invariably, the reflection leads to emis-
sions. For low EMI, good high-speed design practice is a 
necessity. There are a plethora of good sources for trans-
mission-line design information.[4, 5] Here are some 
suggested precautions when designing transmission lines:

• Remember that the signal exists between the ground 
plane and the signal trace. Emissions can be caused by 
an interruption in either the signal trace or the ground 
plane, so pay attention to ground plane cutouts or dis-
continuities beneath the signal trace.

• Try to avoid sharp angles on the signal trace. Nicely 
curved corners are much better than right-angle turns.

• Often times, an FPD-Link signal will have components 
tapped off of it; such as power over coaxial cable, power 
connections, AC-coupling caps, and many others. To 
minimize the reflections at the components, try to use 
small components such as 0402 size and set the width of 
the trace to be the same as the width of the 0402 com-
ponent pad. Also, be sure to set the characteristic 
impedance of the trace by controlling the dielectric 
thickness in the stackup.

4. Shielding
Don’t shortcut good shielding techniques. When designing 
to minimize emissions, put a shield around the offending 

portion of the circuit. It may still emit energy, but good 
shielding can capture the emissions and send them to 
ground before they escape from the system. Figure 2 illus-
trates how shielding can control EMI. 

Shielding can take a variety of forms. It might be as 
simple as enclosing a system in a conductive case, or it 
could involve fashioning small custom metal enclosures 
that are soldered over emission sources.

Figure 2. Example of shielding
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(a) Typical EMI problem

(b) EMI controlled with shielding

5. Short ground connections
Every bit of current that flows into a chip flows back out 
again. Several tips in this article discuss having short 
connections to the chip—bypass capacitors close to the 
IC, keeping loops small, etc. However, often forgotten is 
the path that the ground current has to take to get back to 
its source. In an ideal situation, a layer of the board is 
dedicated to ground and the path to GND is not much 
longer than a via. However, some board layouts have 
cutouts in ground planes that can force ground currents to 
take a long path from the chip back to the power source. 
While the GND current is taking this path, it is acting as 
an antenna to transmit or receive noise.
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6. No faster than needed
There is a tendency to worry about timing margins and to 
use the fastest logic possible to provide the best timing 
margins. Unfortunately, very fast logic has sharp edges 
with very high-frequency content that tends to produce 
EMI. One way to reduce the amount of system EMI is to 
use the slowest logic possible that will still meet timing 
requirements. Many FPGAs allow programming the drive 
strength at lower levels, which is one way to slow the edge 
rates. In some cases, series resistors on logic lines can be 
used to decrease the slew rates of signals in the system.

7. Supply line inductors
Tip #2 discussed bypass capacitors as a way to decrease 
the impact of current surges. Inductors on the supply lines 
are another side of the same coin. By placing an inductor 
or ferrite bead on a power-supply line, it forces the circuits 
connected to that supply to draw their dynamic power 
requirements from the bypass capacitors, rather than all 
the way back from the power source.

8. Caps at inputs to switching supplies
One recurring theme when looking to solve EMI issues is 
to reduce dv/dt and/or di/dt wherever possible. In this 
context, DC/DC converters may seem completely harmless 
until it is realized that they don’t convert directly from DC 
to DC. Rather, they go from DC to AC to DC. Hence, the 
AC in the middle has the potential to cause EMI problems. 

One area where automotive designers are concerned 
about creating interference is in the AM radio band. Most 
every automobile is equipped with an AM radio, which has 
a very sensitive, high-gain amplifier tunable from 500 kHz 
to 1.5 MHz. If a component is emitting a signal within this 
band, it will probably be audible on the AM radio. Many 
switching power supplies use switching frequencies within 
this same band, which leads to issues in automotive appli-
cations. As a result, most automotive-switching supplies 
use switching frequencies that are above this band—often 
at 2 MHz or higher. If there is insufficient filtering either at 
the input or the output of a switching power supply, some 
of this switching noise may find its way into other subsys-
tems that may be sensitive to the root or subharmonic 
frequencies. 

9. Watch for resonances
For various sources of interference, inductors and capaci-
tors have been prescribed to tame the dv/dt and di/dt evils 
that can lead to EMI. However, inductors and/or capacitors 
can have undesirable characteristics related to self reso-
nance. This problem can often be rectified by adding a 
resistor in parallel to the inductor to absorb the energy of 
the oscillation before it becomes big enough to cause 
issues. Another potential issue is when there is a series 
inductor, either a discrete component or a parasitic induc-
tance from a power line, that leads to a component with a 
bypass capacitor. The resulting L-C circuit has the poten-
tial to oscillate at the resonant frequency. Once again, this 
can be tamed with a resistor, often placed in parallel with 
the inductor.

10. Spread-spectrum clocking reduces peak emissions
With components such as FPD-Link serializers and deseri-
alizers (SerDes), there is often a data bus and clock that 
have the option of spread-spectrum clocking. In spread-
spectrum clocking, the clock signal is modulated. The 
result is that energy generated by the edges of the clock 
and data signals is spread across a wider frequency band 
than it would otherwise occupy. Since EMI specifications 
are set to limit peak emissions at any frequency within a 
band, spreading noise across a wider band can help to 
minimize the noise peaks . 

A good example of a deserializer is the DS90UB914A-Q1, 
which is often used in conjunction with the DS90UB913A-Q1 
serializer. These devices are used to provide a video link 
between a camera in an advanced driver assistance system 
(ADAS) and the processor. The deserializer recovers the 
clock that the image sensor in the camera provided to the 
serializer and outputs this clock along with the data for 
use by the processor. Ten or 12 high-speed data lines that 
transition concurrently with a high-speed clock are a 
prime source of EMI. To mitigate this EMI, the DS90UB914A 
has an option to use a spread-spectrum clock with the 
output data, rather than the lower-jitter clock that the 
image sensor provides. The spread-spectrum clock is 
controlled through registers in the deserializer.

Conclusion
As automobiles rely more on electronics for critical vehicle 
operation in addition to entertainment and comfort func-
tions, there is a growing need to operate without error in 
the presence of interference and to not provide interfer-
ence to other systems within the vehicle. By following the 
tips and techniques outlined in this article, and through 
selection of appropriate components, engineers are able to 
design robust systems that enable automotive systems to 
operate reliability without EMI problems.

References
1. CISPR 25 specification, ANSI eStandards Store

2. Vincente Rodriguez, “Automotive Component EMC 
Testing: CISPR 25, ISO 11452-2 and equivalent 
Standards,” Safety & EMC 2011

3. AM Broadcast Groundwave Field Strength Graphs, FCC 
Encyclopedia

4. Brian C. Wadell, “Transmission Line Design Handbook,” 
Artech House, Jan 1, 1991

5. Howard W Johnson and Martin Graham, “High Speed 
Signal Propagation: Advanced Black Magic,” Prentice 
Hall Professional, 2003

Related Web sites
Product information:
DS90UB914A-Q1 
DS90UB913A-Q1 

Subscribe to the AAJ:
www.ti.com/subscribe-aaj

http://www.ti.com/aaj
http://www.webstore.ansi.org/RecordDetail.aspx?sku=CISPR+25+Ed.+3.0+b+Cor.1%3a2009
http://www.ets-lindgren.com/pdf/automotivecomponentemctesting.pdf
https://www.fcc.gov/encyclopedia/am-broadcast-groundwave-field-strength-graphs-sections-73183-and-73184
https://books.google.com/books/about/Transmission_Line_Design_Handbook.html?id=MyxTAAAAMAAJ&hl=en
https://books.google.es/books?id=mMJxcWqm_1oC&hl=es
http://www.ti.com/product/ds90UB914a-q1?DCMP=aaj-3q15&HQS=sva-sds-dps-newsaaj-3q15-slyt636-ds90ub914aq1-pf-en
http://www.ti.com/product/ds90UB913a-q1?DCMP=aaj-3q15&HQS=sva-sds-dps-newsaaj-3q15-slyt636-ds90ub913aq1-pf-en
http://www.ti.com/subscribe-aaj


Analog Applications Journal

E2E is a trademark of Texas Instruments. All other trademarks are the  property of 
their respective owners.

TI Worldwide Technical Support

Internet
TI Semiconductor Product Information Center 
Home Page
support.ti.com

TI E2E™ Community Home Page
e2e.ti.com

Product Information Centers
Americas Phone +1(512) 434-1560

Brazil Phone 0800-891-2616

Mexico Phone 0800-670-7544

 Fax +1(972) 927-6377
 Internet/Email support.ti.com/sc/pic/americas.htm

Europe, Middle East, and Africa
Phone
 European Free Call 00800-ASK-TEXAS 
  (00800 275 83927)
 International +49 (0) 8161 80 2121
 Russian Support +7 (4) 95 98 10 701

  Note: The European Free Call (Toll Free) number is not active in 
all countries. If you have technical difficulty calling the free call 
number, please use the international number above.

Fax +(49) (0) 8161 80 2045
Internet www.ti.com/asktexas
Direct Email asktexas@ti.com

Japan
Fax International +81-3-3344-5317
 Domestic 0120-81-0036

Internet/Email International support.ti.com/sc/pic/japan.htm
 Domestic www.tij.co.jp/pic

Asia
Phone Toll-Free Number
   Note: Toll-free numbers may not support 

mobile and IP phones.
  Australia 1-800-999-084
  China 800-820-8682
  Hong Kong 800-96-5941
  India 000-800-100-8888
  Indonesia 001-803-8861-1006
  Korea 080-551-2804
  Malaysia 1-800-80-3973
  New Zealand 0800-446-934
  Philippines 1-800-765-7404
  Singapore 800-886-1028
  Taiwan 0800-006800
  Thailand 001-800-886-0010
International +86-21-23073444
Fax +86-21-23073686
Email  tiasia@ti.com or ti-china@ti.com
Internet support.ti.com/sc/pic/asia.htm

A021014

Important Notice: The products and services of Texas Instruments 
Incorporated and its subsidiaries described herein are sold subject to TI’s 
standard terms and conditions of sale. Customers are advised to obtain the 
most current and complete information about TI products and services 
before placing orders. TI assumes no liability for applications assistance, 
customer’s applications or product designs, software performance, or 
infringement of patents. The publication of information regarding any other 
company’s products or services does not constitute TI’s approval, warranty 
or endorsement thereof.

© 2015 Texas Instruments Incorporated. All rights reserved.

SLYT636

http://support.ti.com
http://e2e.ti.com
http://support.ti.com/sc/pic/americas.htm
http://www.ti.com/asktexas
http://support.ti.com/sc/pic/japan.htm
http://www.tij.co.jp/pic
http://support.ti.com/sc/pic/asia.htm


IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.
Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com
Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2015, Texas Instruments Incorporated

http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity

