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Introduction

Global market for Electric Vehicles (EV) and Hybrid
Electric Vehicles (HEV) is rapidly growing as these
vehicles offer higher fuel-efficiency and lower
emissions compared to gasoline or diesel vehicles and
use power from renewable energy sources. To control
energy flow and optimize efficiency in HEV/EV
powertrain subsystems such as Traction Inverters, On-
Board Chargers (OBC), DC-DC converters, and
Battery Management Systems (BMS), precise and
accurate current measurement is essential. These
high-voltage subsystems need to measure large
currents at high common-mode voltages. For technical
and regulatory reasons, the current measurements
require isolation as well as very high performance in
harsh automotive environments.

Different Isolated Current Measurement Methods

Each HEV/EV application has different cost, accuracy,
signal bandwidth, latency, measurement range,
isolation ratings, and package size requirements.
There are several isolated current measurements
methods. However, the primary methods used in
HEV/EV subsystems are either shunt-based (Figure 1)
or hall-based (Figure 2).
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Figure 1. Shunt-Based - Uses Isolated Amplifier or
Modulator to Measure the Voltage Drop Across the
Shunt Resistor
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Figure 2. Hall-Based - Uses a Hall-Sensor (Closed-
or Open-Loop) to Measure the Magnetic Field
Generated by the Conductor Carrying Current

Comparison of Shunt- and Hall-Based Methods

Historically, designers preferred shunt-based solutions
for low-current (<50 A), and hall-based solutions for
high-current (>50 A) measurements. However,
because of the increasing current measurement
accuracy requirements, automotive suppliers are
migrating from hall-based to shunt-based methods,
especially in high-current environments. There is even
a trend amongst automotive suppliers to move from
isolated amplifier based to isolated modulator based
solutions to further improve measurement accuracy.

Texas Instruments offers best-in-class isolated
amplifiers and isolated modulators that help achieve
very accurate isolated current measurements over
temperature when paired with high-precision shunts.
Table 1 below shows the basic differences between
shunt- and hall-based isolated current sensing
solutions in high-current automotive environments.

Table 1. Difference Between Shunt- and Hall-Based
Isolated Current Sensing

Category. ‘Shunt-based Hall-based
Solution Size similar similar
Offset very low medium
O.T.f:ﬁ: p?emfr\éer low medium
Accuracy ‘allraton calbration
Noise very low high
Bandwidth similar similar
Latency similar similar
Non-Linearity very low high
Long-term Stability very high medium
Cost similar similar
Vibration Impact very low low
Power Dissipation low very low
Customization flexible limited

Analysis of Shunt- and Hall-Based Methods

* Hall-sensors are inherently isolated, which allows a
single-module approach. On the other hand, shunt-
based solutions require an isolated amplifier or
modulator, and an isolated power-supply for the
high common-mode voltage side.

e Shunt-based solutions have very low initial offset,
have lower offset drift over temperature and are
less susceptible to external magnetic fields.

* Shunt-based solutions are linear over the entire
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voltage range compared to hall-based solutions
which are non-linear, especially at zero crossing
and near the magnetic core saturation region.

» Shunt-based solutions achieve better DC accuracy
over temperature compared to hall-based solutions
with basic one-time calibration. This is particularly
true at low currents where they have significantly
better DC accuracy because of its limited sensitivity
to external magnetic fields.

» The voltage drop across the in-line shunt results in
thermal dissipation and power loss. However, with
improvements in shunt technology, the shunts have
become lighter, the ohmic values have decreased
and the accuracy and drift performance have
improved. The use of low-value ohmic shunts
results in less thermal dissipation. Additionally,
Texas Instruments' isolated amplifiers and
modulators support very small input voltage ranges
(x50 mV and £250 mV) with a superior overall
accuracy. This allows systems to have lesser
thermal dissipation without compromising the
overall measurement accuracy.

» Hall-based sensors generally have a limited
operating temperature range, typically from -40°C
to +85°C, whereas shunt-based solutions can
support higher operating temperature ranges,
typically from -40°C to +125°C.

» Both hall-based and shunt-based isolated amplifier
solutions offer similar signal bandwidth, typically up
to few hundred kilohertz (kHz). However, isolated
modulators provide a high-speed bit-stream output
that allows the user to implement and customize
digital filtering externally. This allows the user to
develop high signal bandwidth and low latency
solutions.

Isolated Shunt-Based Current Sensing in Traction
Inverters

A traction inverter controls the electric motor and is a
key component in the HEV/EV drivetrain. A traction
inverter requires accurate current sensing at high
common mode voltages. Current measurements in
traction inverters can therefore be realized using one
of two shunt-based methods.

As shown in Figure 3, the voltage drop across the
shunt on the hot (high common-mode voltage) side is
isolated from the cold side with an automotive grade,
reinforced isolated amplifier such as AMC1301-Q1.

Figure 4 shows the second shunt-based measurement
method that uses an automotive-grade, reinforced
isolated modulator such as AMC1305M25-Q1 to
isolate the voltage drop across the shunt on the hot
side from the cold side.
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Figure 3. Isolated Current Measurement Using
Isolated Amplifiers
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Figure 4. Isolated Current Measurement Using
Isolated Modulators

For improved measurement accuracy, use an isolated
modulator as this solution eliminates an additional
analog-to-digital conversion stage and the subsequent
errors associated with it. The high-speed bit-stream
output from isolated modulators is filtered by
microcontrollers (MCUSs) such as TI's C2000 family
that have a built-in sigma-delta filter module (SDFM) or
by an FPGA. This allows the user to fine-tune signal
bandwidth and accuracy.

Automotive Isolated Device Recommendations

Device Isolation Description
AMC1305-Q1 Reinforced +50/250 mV Isolated Modulator
AMC1301-Q1 Reinforced +250 mV Isolated Amplifier
AMC1200-Q1 Basic +250 mV Isolated Amplifier

Conclusion

Multiple measurement methods exist for isolated
current sensing in HEV/EV subsystems including
shunt-based and hall-based methods. With
advancements in affordable high-precision shunts and
high-performance isolated amplifiers and modulators,
shunt-based solutions have become good alternatives
to traditional hall-based solutions.
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Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
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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).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com/sc/docs/stdterms.htm
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/sc/docs/sampterms.htm

	Isolated Shunt-Based Current Sensing in High-Current HEV/EV Subsystems
	Important Notice

