Automotive Current Monitoring Using High Speed

Amplifiers
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With vehicle electrification increasing and as fully
electric vehicles become more mainstream, the
number of electric motors and digital power control
systems in automobiles are expanding. Many of these
systems require high-speed current monitoring circuits
to ensure proper operation and to protect against
potentially damaging overcurrent conditions. One of
the most effective ways to accomplish this function is
to employ a low side current shunt monitoring circuit

like the one shown in Figure 1.
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Figure 1. Automotive Current Monitoring Diagram

This circuit provides overcurrent and short-circuit
protection with the use of two op amps, two
comparators and a D-type flip-flop. The OPA365-Q1
operational amplifier (op amp) used in the circuit
performs a differential voltage measurement across a
shunt resistor. The voltage across the resistor
corresponds to the current that flows though the
inverter. It is important that the op amp used in this
part of the circuit has low noise and low offset to
minimize degradation of the low voltage signal
measured across the shunt resistor. It is also critical
that the amplifier has fast settling time and a high slew
rate in order to achieve a fast response time to detect
overcurrent or short-circuit conditions. High bandwidth
also enables a single high-gain stage to be
implemented in a single amplifier to drive the input of
the comparator and analog to digital converter (ADC)
in the circuit.

The zero-crossover, rail-to-rail, OPA365-Q1 CMOS op
amp is ideal for this application. It has 50MHz of
bandwidth, noise of only 4.5nV per root hertz and a
low offset of only 100 micro volts. The device also
features a fast settling time of only 0.3 micro seconds
and a slew rate of 25 volts per micro second. The

amplifier also has an operating temperature range of
-40 to 125 degrees Celsius and is AEC Q100 grade 1
qualified for automotive applications. The key
specifications for the OPA365-Q1 op amp are
summarized in Table 1.

Table 1. OPA365-Q1 Key Specifications

OPA365-Q1 Key Specifications

Bandwidth 50 MHz
Noise 4.5 nVNHz @ 100 kHz
Offset 100 pVv
Settling Time 0.3 us to 0.01%
Slew Rate 25 Vlius
Ambient Temperature -40°C to 125°C
Package Size (Body) 2.9 mm x 1.6 mm SOT-23(5)

The TLV314-Q1 is used in the circuit as a voltage
follower and functions as a source for the reference
voltage. This amplifier provides high stability at unity
gain and has the ability to drive capacitive loads up to
300 pF. In this circuit, the TLV314-Q1 provides a
reference voltage of Vcc divided by 2 to the OPA365-
Q1. With this configuration, the output voltage range of
the OPA365-Q1 varies from 1/2 of Vcc to Vcc for one
direction of shunt current and from 1/2 of Vcc to GND
for the other direction of shunt current. This circuit is
shown below in Figure 2.
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Figure 2. Reference Voltage Circuit
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The output of the OPA365-QL1 is connected to the
comparator circuit and the analog to digital converter
input on the C2000™ microcontroller. The C2000
TMS320F28052 microcontroller is part of TI's
Piccolo™ family of MCUs. It has a 12-bit, 3.75 mega
sample per second ADC that is driven by the OPA365-
Q1 amplifier and can be used to monitor or log the
shunt current. The C2000 microcontroller has been
specifically designed for use in automotive motor
control and digital power applications.

Since a short circuit or overcurrent condition can
potentially be harmful, a comparator-based shut-off
circuit with an extremely fast response time is also
implemented. This comparator-based circuit can
disable the gate drivers in the system much faster than
the MCU. In the circuit, the OPA365-Q1 differential op
amp output is connected to the inputs of the dual
channel LMV393-Q1 comparator. This device
integrates two comparators into a single package and
provides a cost-effective, space-saving design for this
portion of the circuit. The comparators have trigger
levels that correspond to an overcurrent condition.
One comparator is set up in an inverted configuration
to make it possible to detect current peaks in the shunt
resistor in the opposite direction. When a overcurrent
or short-circuit current occurs on one of the phases of
the inverter, the responsible comparator detects it and
changes its output state accordingly. The dual
comparator circuit is shown in Figure 3.

%10 kQ

+——»To Flip Flop

Vee

!

10 kQ

30 kQ

From OPA365-Q1
Amplifier —»

VCC

%10 kQ

+——»To Flip Flop

30 kQ§

10 kQ%

Figure 3. Dual Comparator Circuit
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When the comparator changes state, it triggers the
SN74LVC2G74-Q1 D flip-flop in the circuit to disable
the buffer between the MCU and gate drivers. When
the buffer is disabled, the gate driver input signals are
pulled down through the low-side resistors connected
to each control line and the gate drivers force the
Insulated-Gate Bipolar Transistors or IGBTs in the
system to turn off. This comparator based circuit has a
very fast response time that can potentially help
prevent damage from occurring to the system in the
event of a short circuit fault.

This current monitoring circuit is featured in a Tl
Design, or reference design, for a high-voltage, high-
power motor drive circuit for automotive heating,
ventilation and air conditioning (HVAC) compressors.
The reference design features a three-phase inverter
drive which is based on a discrete IGBT for driving
brushless DC (BLDC) motors for automotive A/C
compressors using sensorless torque control. More
information about the Tl Design, including full design
schematics, can be downloaded from the following
web link: http://www.ti.com/tool/tida-01418. The circuit
board for the reference design is shown in Figure 4.

=

Figure 4. Tl Design TIDA-01418 Circuit Board

With the number of electric motors and digital power
systems increasing in automobiles the need for high-
speed current monitoring systems is becoming more
important. The zero-crossover, rail-to-rail, OPA365-Q1
op amp is in integral part in these systems. It has fast
settling time and a high slew rate in order to achieve a
fast response time to detect overcurrent or short-
circuits in these systems to prevent potentially
damaging conditions from occurring.
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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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