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Design Considerations for Dual DRV425 Bus Bar

Application

Scott Vestal, Magnetic Sensing Products
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This document is a supplement to the Bus Bar Theory
of Operation Application Report (SLOA237) and the
DRV425 Bus Bar App Magnetic Field Calculator
(SBOC480).

There are several different ways to sense current. The
majority of applications are based on measuring the
voltage across a shunt resistor. This approach is
difficult at high currents (>100A) and/or high voltages
(>100V). Magnetic field based current sensing is a
common solution for designs extending beyond these
levels. In a magnetic field based solution, the
measured magnetic field (B) is proportional to the
current (1) and inversely proportional to the distance (r)
from the current carrying conductor (Ampere’s Law),
as shown in Figure 1.
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Figure 1. Ampere's Law

Measuring high current through a bus bar can be
accomplished using two (2) DRV425 Integrated
Fluxgate Magnetic Field Sensors placed in a cutout in
the center of a bus bar. As the current is split into
equal parts around the cutout, a magnetic field
gradient is generated around each side of the cutout.
The magnetic field lines present inside the cutout flow
in opposite directions. The DRV425 device has a
maximum magnetic field sensing range of 2mT.
System level considerations need to be investigated
when designing with this implementation as to not
exceed this maximum range. The performance of the
design is affected by the cutout configuration, DRV425
device PCB layout orientation and location of
stray/interfering magnetic fields.

The Tl recommended implementation is a hole placed
in the center of a bus bar with the DRV425 devices
axis of sensitivity oriented vertically on the PCB, as
shown in Figure 2. When a hole is placed in the center
of a bus bar the current is split into equal parts around

the hole. Since the magnetic field is perpendicular to
the current flow, a hole provides an amplification of the
magnetic field inside of the hole as the current flows
around it. The size of the hole needs to be as small as
possible but at least larger than the width of the PCB
designed for the dual DRV425 devices. The smaller
the hole, the larger the magnetic field generated by
each side of the cutout. The magnetic fields around
each side of the hole are elliptical in shape and are in
opposite direction to each other inside the cutout. The
magnitude of the magnetic fields generated by each
side of the cutout will be 0 in the center of the cutout
and increase as you move toward the edges of the
cutout. The magnitude of each magnetic field will be
largest in the y-axis inside the cutout. This allows each
DRV425 device in the vertical PCB orientation to see a
larger magnitude of the desired magnetic field. Each
devices axis of sensitivity is oriented in opposite
directions on the PCB enabling a doubling of the
desired magnetic field to be measured. Another benefit
of this orientation is it reduces or cancels the effect of
any stray magnetic fields since they only flow in one
direction inside the cutout.
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Figure 2. Recommended Configuration

This configuration, however, does not work for all
systems. Looking at all magnetic field influences of the
design becomes critical for optimal performance.
Below we will investigate possible reasons for
selecting a different configuration.
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Hole vs Slot

A hole is recommended due to the amplification of the
magnetic field as the current wraps around the hole.
Because stray magnetic fields do not get any
amplification due the hole, this configuration provides
a better signal-to-noise level. Here are two reasons for
using the alternative slot configuration.

1. Low current/small bus bar. A slot configuration will
allow for a narrower opening when using the
vertical PCB device layout orientation if the bus bar
is not large enough to accommodate a hole. A
smaller opening creates a larger magnetic field
differential seen by the dual DRV425 devices.

2. Large current/large bus bar. Since the slot does not
have the amplification effect of the hole, a slot will
produce a smaller magnetic field for the same
current and cutout width.

Vertical vs Horizontal

Vertical and horizontal describe the PCB layout
orientation of the axis of sensitivity of the fluxgate
sensor internal to the DRV425. In the vertical layout,
the axis of sensitivity for each DRV425 device are
placed in the y-axis. Each device measures the y-axis
component of any magnetic field. Similarly, in the
horizontal layout, the axis of sensitivity for each
DRV425 device are placed in the x-axis and measures
the x-axis component of any magnetic field.
Interestingly, the final values for the desired differential
magnetic field seen by each device in both orientations
is very similar. However the larger values seen by
each DRV425 device inside the cutout in the vertical
PCB layout orientation is the reason why it is the
recommended PCB layout. Here is a reason for using
a horizontal PCB device layout orientation.

1. Large stray magnetic fields in the y-axis. As shown
in Figure 3. The magnitude of the stray magnetic
fields are seen entirely by each DRV425 device
before being subtracted out. While the difference of
the 2 DRV425 devices may be small, there is a
possibility that the total magnetic field seen by one
or both DRV425 devices may exceed the 2mT
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Figure 3. Stray Field

Understanding the system level influences for any
magnetic field measurement is critical to achieve the
best performing system. Stray magnetic fields cannot
be eliminated but their influence can be minimized.

Alternative Device Recommendations

Based on system requirements, alternate devices are
available that can provide the needed performance
and functionality. The DRV421 provides a closed loop
isolated current measurement with an external core
and compensation coils. The AMC1305 provides on-
board isolation using an external shunt resistor.

Table 1. Alternative Device Recommendations

magnetic field range limit. This would result in an Device Optimized Parameters | Performance Trade-Off
invalid measurement. Since the strength of the DRV421 Precision Integrated Requires External Core
magnetic field is inversely proportional to the Fluxgate Sensor and Compensation Coils
distance, the spacing from stray field sources (like High Precision,
another bus bar) needs to be evaluated at the AMC1305x Reinforced Isolated Slightly Higher Cost
system level to ensure saturation of either DRV425 Deita-Sigma Modulator
does not occur.
Table 2. Adjacent Tech Notes
Integrated, Current Sensing Analog-to-
SIOM Digital Converter
SBOAL68 Monitoring Current for Multiple Out-of-
Range Conditions
Low-Drift, Precision, In-Line Motor Current
leanlEy Measurements With PWM Rejection
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources 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.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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