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Grounding in mixed-signal systems  
demystified, Part 2

This article is the second of a two-part series. Part 1 (see 
Reference 1) explained typical terminologies and ground 
planes and introduced partitioning methods. Part 2 dis-
cusses the pros and cons involved in splitting the ground 
planes. It also explains grounding in systems with multiple 
converters and multiple boards.

If the ground planes are split and the traces are run 
across the split as shown in Figure 1, what will be the  
current return path? Assuming that the two planes are 
connected somewhere, usually at a single point, the return 
current has to flow in that large loop. High-frequency  
currents flowing in large loops produce radiation and high 
ground inductance. Low-level analog currents flowing in 
large loops are susceptible to interference.

If the two planes are connected only at the power supply 
(Figure 2), the return current is forced to flow all the way 
back to the power-supply ground, which is a really big 
loop! Also, the analog and digital ground planes, which are 
at different RF potentials and connected with long wires, 
unfortunately form a very effective dipole antenna.

It is preferred to have a continuous ground plane to 
avoid such long ground loops, but if it is absolutely neces-
sary to have a split ground plane and traces are run across 
the split, the planes should first be connected at one loca-
tion to form a bridge for the return current (Figure 3). 
Routing all the traces so they cross at this bridge provides 
a return path directly underneath each of the traces, pro-
ducing a very small loop area. A typical application of this 

method is a weighing scale where high-resolution (≥20-bit) 
delta-sigma analog-to-digital converters (ADCs) are used.

Other options for passing the signal over a split plane 
are to use optoisolators (through light), transformers 
(through a magnetic field), or a true differential signal 
(where the signal flows down one trace and returns on the 
other trace with no ground needed for the return current).

A better approach is partitioning. It is always prefera-
ble to use only one ground plane, partitioning the PCB 
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into analog and digital sections (see Figure 4b). Analog 
signals must be routed only in the board’s analog section, 
and digital signals must be routed only in the board’s digital 
section, with both on all layers. Under these conditions, the 
digital return currents do not flow in the analog section of 
the ground plane and remain under the digital signal trace. 
Figure 4 compares a split plane and a partitioned plane.

The only problem with partitioning is that it is difficult 
when analog signals are improperly routed into the board’s 
digital section, or vice versa (Figure 5). So for any PCB 
layout, the important points are to use a single ground 
plane, partition it into analog and digital sections, and 
apply discipline in routing.

Grounding when multiple data converters are 
used on a single board
Most datasheets for data converters discuss grounding  
relative to a single PCB, usually the manufacturer’s own 
evaluation board. Usually the rec-
ommendation is to split the PCB 
ground plane into an analog plane 
and a digital plane. It is further  
recommended that the analog 
ground (AGND) and digital ground 
(DGND) pins of a converter be tied 
together and that the analog and 
digital ground planes be connected 
at that same point, as shown in 
Figure 6. This essentially creates 
the system’s star ground point at the 
mixed-signal device. As explained in 
Part 1, all voltages in the circuit are 
measured with respect to this par-
ticular point, not just to an unde-
fined ground wherever one can clip 
a probe.
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Figure 4. Ground-plane layouts
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All noisy digital currents flow through the digital power 
supply to the digital ground plane and back to the digital 
supply, thus being isolated from the board’s sensitive ana-
log portion. The system’s star ground point occurs where 
the analog and digital ground planes are joined together at 
the data converter. While this approach generally works in 
a simple system with a single PCB and a single data con-
verter, it usually is not good for multicard and multicon-
verter systems. If there are several data converters located 
on different PCBs, the concept breaks down because the 
analog and digital ground systems are joined at each con-
verter on the PCB, creating ground loops.

Suppose a designer is working on an eight-layer PCB 
that has three DACs and two ADCs. To minimize noise, 
the analog and digital ground planes should be connected 
together solidly under all the ADC and digital-to-analog 
converter (DAC) chips. The AGND and DGND pins should 
be connected to each other and to the analog ground 
plane, and the analog and digital ground planes should be 
connected individually back to the power supply. The 
power should enter the board in the digital partition and 
be fed directly to the digital circuitry, then filtered or  
regulated to feed the analog circuitry. Then only the digi-
tal ground plane should be connected back to the power 
supply. Figure 7 shows the partitioned analog and digital 
ground planes and the power-supply connection for a PCB 
with multiple data converters.

Multicard mixed-signal systems
Confusion about mixed-signal grounding has increased 
since designers started applying single-card grounding 
concepts to multicard systems. In systems having several 
data converters on different PCBs, the analog and digital 
ground planes are connected at several points, creating 
the possibility of ground loops and making a single-point 
star ground system impossible.

The best way to minimize ground impedance in a multi-
card system is to use a motherboard PCB as a backplane 

for interconnections between cards. This provides a con
tinuous ground plane to the backplane. The PCB connector 
should have at least 30 to 40% of its pins devoted to 
ground. These pins should be connected to the ground 
plane on the backplane motherboard. To complete the over
all system grounding scheme, there are two possibilities:

1.	The backplane’s ground plane can be connected to the 
chassis ground at numerous points, thereby diffusing 
the various ground-current return paths. This is com-
monly referred to as a multipoint grounding system 
(Figure 8).

2.	The ground plane can be connected to a single star 
ground point (generally at the power supply).

The first approach is most often used in all-digital sys-
tems but can also be used in mixed-signal systems, pro-
vided that the ground currents from digital circuits are 
sufficiently low and diffused over a large area. The low 
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ground impedance is maintained all the way through the 
PCBs, the backplane, and ultimately the chassis. However, 
it is critical that good electrical contacts be made where 
the grounds are connected to the sheet-metal chassis. 
This requires self-tapping sheet-metal screws or biting 
washers. Special care must be taken where anodized alumi
num is used for the chassis material, since its surface acts 
as an insulator.

The second approach, a single-point star ground, is 
often used in high-speed mixed-signal systems having  
separate analog and digital ground systems.

References
1.	Sanjay Pithadia and Shridhar More, “Grounding in 

mixed-signal systems demystified, Part 1,” Analog 
Applications Journal (1Q 2013). Available: 
www.ti.com/slyt499-aaj

2.	H.W. Ott, “Partitioning and layout of a mixed-signal 
PCB,” Printed Circuit Design, pp. 8–11, June 2001.

3.	“Analog-to-digital converter grounding practices affect 
system performance,” Application Bulletin. Available: 
www.ti.com/sbaa052-aaj

4.	Howard Johnson. (2000, Oct. 12). “Ferrite beads,”  
EDN blog.

Related Web sites
Data Converters:
www.ti.com/dc-aaj

For examples of grounding for precision data converters, 
visit: www.ti.com/e2egrounding-aaj

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

http://www.ti.com/aaj
http://www.ti.com/slyt499-aaj
http://www.ti.com/sbaa052-aaj
http://www.ti.com/dc-aaj
http://www.ti.com/e2egrounding-aaj
http://www.ti.com/subscribe-aaj


© 2013 Texas Instruments Incorporated

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

SLYT512

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
Phone	 Domestic	 0120-92-3326

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
	 International	 +91-80-41381665
	 Domestic	 Toll-Free Number
		�  Note: Toll-free numbers do not support 

mobile and IP phones.
		  Australia	 1-800-999-084
		  China	 800-820-8682
		  Hong Kong	 800-96-5941
		  India	 1-800-425-7888
		  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
Fax	 +8621-23073686
Email	� tiasia@ti.com or ti-china@ti.com
Internet	 support.ti.com/sc/pic/asia.htm

A090712

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.

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 © 2013, 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

