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Bi-Directional, Low-Side Phase Current Sensing with
Integrated Over-Current Detection
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Sensors are critical in a motor control application.
Sensors provide valuable information such as torque,
temperature, position and speed. Today's
advancements in sensor technologies have enabled
improvements in accuracy, performance, cost and
reliability. Today's technology also allows for
integration of multiple features within a sensor that are
focused on solving system level challenges. In motor
control, several sensors are being used for feedback
and protection. One of the key components for motor
control feedback and protection is the current sense
amplifier.

Low-side Phase Current Sensing

In a motor control for DC brushed or brushless drive
architectures, low-side current sensing is one of the
most cost effective solutions to measure currents due
to lower common mode. Low-side sensing is
accomplished using an external shunt connected
between the controller ground and the system ground
as shown in Figure 1. One of the fundamental
requirements for using low-side sensing is that the
amplifier should be able to support common mode
voltages below ground. As the external shunt is
connected between the controller ground and system
ground, its is critical that the layout of the shunt and
current sense amplifier be optimized to maximize
current measurement accuracy. Current sense
amplifiers from Texas Instruments are specifically
designed and factory trimmed to ensure the overall
system errors.
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Figure 1. Low-Side Current Sensing

Bi-Directional Low-Side Phase Current Sensing

In a motor control application, especially for higher
power systems, it is critical that the motor is very well
protected against excessive currents. When excessive
currents are passed through the motor due to
overheating, the coil within the motor can cause
failures leading to a permanent motor damage.

Figure 2 illustrates that when the controller switches
from phasel to phase2, for a brief period of time the
motor acts as an alternator dumping current back into
the controller. For this purpose it is important that a bi-
directional current sense amplifier be implemented to
monitor and protect the motor as well as the controller.
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Figure 2. Varying Load Reference

Over Current Protection

One of the key features that is implemented in motor
control circuitry is over current protection (OCP). In the
system the output current from low-side is sampled by
the ADC in the processor. If the processor detects the
sampled output current has exceeded the threshold,
the controller can be shutoff. While this is the simplest
approach to achieve OCP the disadvantage with this
implementation is the latency added by the ADC
conversion. If faster protection is needed a dual
comparator can be connected as shown in Figure 3.
The two outputs of the comparator can easily be
connected to the GPIO to trigger a shutdown
command sequence or action when an alert is
identified. One of the drawbacks of using the low-side
sensing with dual comparator is the increase in the
number of components needed to accomplish OCP.
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Figure 3. Discrete Current Sense Amplifiers And
Comparators

The INA303 includes a high common-mode, bi-
directional current-sensing amplifier and two high-
speed comparators configured to detect overcurrent
conditions. The INA303 comparators are in a window
configuration. The device features an adjustable limit
threshold range for each comparator set using an
external limit-setting resistor. This current-shunt
monitor can measure differential voltage signals on
common-mode voltages that can vary from 0 V up to
36 V, independent of the supply. The open-drain alert
outputs can be configured to operate in either a
transparent mode (output status follows the input
state) or in a latched mode (alert output is cleared
when the latch is reset). The alert response time for
comparator one is under 1 ps while the alert response
for comparator two is set through an external capacitor
ranging from 3ps to 10s.

Figure 4 describes the configuration of INA303 in a

Upper Battery

— - —Threshold

Input

Processor,

— Lower Control

|

| GPlo1 Gplo2 |
| LERT2 ﬁmitz
|

|

INA303

|A Output
=
g
2
[)
c
=

I=la+ la+lc

v

Figure 4. Low-Side sensing with INA303

Alternate device recommendations

The INA30O0 is another recommended device if the
system requires only an over current feature. INA300
is a current sense comparator only. The INA300 has
an option to select multiple response times. The
fastest available response time is 10ys.

For applications requiring only a single over-current
threshold the INA301 is the recommended device

Similar to the INA303, the INA302 can be used for
applications where two over-current alerts are needed.
For example if independent threshold levels are
needed for a warning condition as well as a critical
fault condition, the INA302 can be used. For
applications that do not require the integrated
comparator for on-chip over-current detection, use the
INA181.

Table 1. Alternate Device Recommendations

low-side motor drive application for phasel. For Device | Optimized Parameter Trade-Off

phase2 and phase3 measurements two additional INA300 Package No analog output, slower

INA303 will be required. The INA303 has a maximum response

offset voltage of 35V and a drift of 0.5uV/°C. Low INA301 | Response time, Package Single alert

offset, drift and gain error enable accurate INA302 Warning & Critical Alert Not configured as a

measurements across temperatures. With an output Capability window comparator

slew rate of 4V/us, the phase currents can be INA181 Package: SC70-6 & Amplifier only

measured accurately at lower duty cycles with narrow SOT23-6, Lower Cost

pulses. A 1ps delay on ALERT1 and an adjustable

delay on ALERT?2 pin from 3pus to 10s enables Table 2. Related Tl TechNotes

optimization for various applications. . The Analog

output of INA303 can be connected to the ADC of the SBOA162 Measuring Current To Detect Out-of-Range

processor. While the two comparator outputs can be Conditions

connected to GPIOs of the processor. The threshold of SBOA163 High-Side Motor Current Monitoring for

the comparatorl can be set by RLIMIT1 resistor. The Over-Current Protection

lower threshold for comparator2 can be set using SBOA168 Monitoring Current for Multiple Out-of-

RLIMIT2 resistor. This configuration can ensure that Range Conditions

the motor and the controller can be protected against SBOA190 Low-Side Current Sense Circuit Integration

damage by ensuring the current remains within the External Current Sense Amplifiers vs

safe operating region. SBOA192 Integrated On-Board Amplifiers for Current
Sensing
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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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