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A Programmable Logic Controller (PLC) is the most
widely accepted computer protocol in industrial control
systems for factory automation application. PLC
system is a controller that controls, prioritizes, and
provides status of the system. The controller is
programmed via basic binary logic much like a modern
computer. The PLC system consists of

1. PLC computer processor

The power supply rack

Backplane for power

Digital input and output module

Analog input and output module

Computer software

7. A network interface for remote connectivity
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PLC systems are widely used in industrial applications
that is accelerating industrial 4.0 revolution. PLC
systems are enabling faster integration of
semiconductor devices for control and automation to
increase efficiency and improve factory throughput.
Industrial automation and integration examples include
controlling of temperature, turning on and off a light
fault indication, weighing of a package using pressure
sensors, turning on and off a solenoid relay.

As industrial systems can be noisy environments with
high frequency signals and noise coupling into low
voltage signals, the PLC system's output modules are
optocoupled. Its robustness to noise, simple
architecture, ease of programming language, industrial
certifications and safety features are the reasons PLC
systems are the most widely used industrial protocol.

PLC System Block Diagram

The inputs and outputs of the PLC system are
categorized as digital or analog as illustrated in
Figure 1. The digital inputs provide an ON-OFF status
to the control circuitry. Some examples of digital input
devices include limit switches, photoelectric sensor,
proximity and pressure sensor. Analog input devices
such as thermocouples, tachometers and force
sensors provide variable output responses.

PLC digital outputs are used to turn ON-OFF the
starter to engage a motor, to turn on a lamp to indicate
a fault or to control the solenoid that engages relay.
The analog outputs include current level output and
resistance level that can be used to control and
monitor heaters or control the speed of a motor.
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Figure 1. PLC System Block Diagram

Discrete PLC Digital Outputs Safety

Figure 2 illustrates a description of a PLC digital output
circuit. PLC digital outputs are designed with high drive
strength capability that can be as high as 1A. The
digital outputs can be connected to drive a solenoid
relay to take control of an action initiated by the PLC
controller. Discrete current sensors connected in
series with the load, as shown in Figure 2, monitor
current flowing to the load continuously and report the
presence of excessive currents to the controller to take
an action. As PLC digital outputs can swing from -0.7V
to 24V, a high-side current sense amplifier with low
offset and low gain error enables safety for high output
drives.
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Figure 2. PLC Digital Output Sinking Current
Circuit
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As the PLC digital output drive can be high, the sinking
current capability is one of the key safety parameters.
The outputs are designed with NPN transistors with a
built in diodes for over voltage protection. The system
ensures that when the PLC digital outputs are
engaged the sinking current from the power supply is
always within the PLC's specified, over temperature
operating range. A discrete current sense amplifier can
protect the digital outputs from an over-current
condition, provide diagnostics to address faulty load
conditions and address preventive action for
premature system failure.

High Current PLC Digital Outputs Safety

PLC digital outputs can be directly tied to high current
solenoid drivers or high current LED lamps to close
relays or to indicate a fault in a factory automation
application. If the current output drive is higher than
the PLC system is rated for, a discrete FET can be
used to control the current flow form the 24V supply to
the load. Figure 3 illustrates the connection of a PLC
digital output to an external low RDSon FET to further
increase the output drive strength. One disadvantage
of this approach is the reliability of the external FET.
Using a current sensing amplifier to monitor the load
current can ensure that the PLC system is operating
safely.
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respectively enabling accurate and stable current
measurements across temperature. The signal
throughput bandwidth of INA240 is 400kHz at the gain
20. The high bandwidth and high slew rate (2V/us)
enables the amplifier to be used for detecting fast over
current or shorted load conditions provided the
sampling ADC within the PLC system is fast enough to
sample currents.

Alternate Device Recommendations

The LMP8480 is another device recommended for this
application. LMP8480 is a unidirectional high-side
current sense amplifier that can support a common
mode voltage from 4V to 76V. The power supply on
the LMP8480 can be as high as 76V. This enables a
current sense amplifier to be connected and power
directly from a 24V PLC DC power supply. This
reduces the burden of creating an additional low
voltage supply to power the LMP8480. The LMP8480
also offers a high output current of up to 5mA. High
output current helps in driving long capacitive cables
without losing any signal integrity or the need of an
additional output buffer.

The LMP8601 is also another device that can be used
in PLC systems. LMP8601 is designed to operate with
a common mode voltage ranging from -22V to 60V.
The LMP860L1 is specifically designed to work with
inductive loads such as solenoids and relays. With a
minimum common-mode voltage range of -22V, the.
LMP8601 has the ability to withstand large common
mode inductive kickbacks seen when engaging the
solenoid or a motor starter.

Table 1. Alternate Device Recommendations

—
Device Optimized Parameter I E TS
Ground Off
PLC digital Output
INA168 Bandwidth : 800kHz, Adjustable gain,
Figure 3. PLC Discrete Digital Output Control Package: SOT-23 | external components
LMP8601 Vi 22V to 60V Otf)f;ﬁév‘\’l%ttﬁ?f;bm;‘
INA240 is a high precision, bi-directional current sense : ——
amplifier with low input offset and gain drift across INAZ82 DC CMRR: 140dB | Bandwidth: 10kHz
temperature range making it an ideal device for LMP8480 DC CMRR: 100dB, | Offset Voltage: 265uV,
measuring currents on discrete PLC digital outputs. PSRR: 100d8 Bandwidth: 270kHz
The INA240 is specifically designed to work in
switched node environments where the common mode Table 2. Related Tl TechNotes
transients will have large dv/dt signals. The ability to — .
reject high dv/dt signal% enables Q']olccurate curren¥ SBOAL74 C”."er_‘t Sensing in an H-Bridge
measurements to ensure necessary protection and SBOA176 Switching Power Supply Current
meet the required safety standards. The INA240 has Measurements
low maximum input offset voltage of 25uV and a SBOA166 High-Side Drive, High-Side Solenoid
maximum gain error of 0.2% allowing for smaller shunt Monitor With PWM Rejection
resistance values to be used without sacrificing SBOA162 Measuring Current To Detect Out-of-Range
measurement accuracy. The offset drift and gain error Conditions
drift is as low as 0.25uV/°C and 2.5ppm/°C
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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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