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Overview

The Programmable Logic Controller (PLC) is
the workhorse of Industrial Control systems.
It uses digital and analog I/0 modules to
interface to sensors, actuators and other
equipment. These I/0 modules must meet
stringent electrical specifications and
designers face challenges in conditioning
and converting these signals. In addition,
increasing levels of embedded processing
and connectivity can be seen on these
modules. Variations of the PLC include the
Programmable Automation Controller (PAC)
which has more integration and processing
functions to tackle more complex operations

and the Distributed Control System (DCS)
which is used extensively in process control.
The DCS uses distributed controllers, each
performing a specific task, connected
together by networks for communication and
monitoring. A central control room is typically
used for an entire plant.

The PLC System

PLCs can be segmented by I/0 count and
scan rates. They can also be classified as
brick type versus modular PLCs. A small or
brick PLC has a fixed number of connections
for inputs and outputs. Modular PLCs have a
chassis (also called a rack) into which are
placed modules with different functions. The
processor and selection of /0 modules is
customized to fit the application. A modular
PLC consists of the Central Processing Unit
(CPU), a power supply and various 1/0
modules. The CPU performs the main
controller functions like scanning data and
running control sequences. The power supply
unit converts line power to 24 volts. The 1/0
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modules are used to measure data from
sensors and to control various actuators.
Together, the input and output modules along
with the central controller form a control loop.

1/0 Module Types

I/0 modules can be classified as analog input
(Al), analog output (AO), digital input (DI) and
digital output (DO). They are usually catego-
rized into 2-, 4-, 8- and 16-channel modules.
I/0 modules need to meet stringent electrical
specifications such as the IEC 61000-4
family of Electro Magnetic Compatibility
(EMC) tests for surge, ESD (Electrostatic
Discharge) and EFT (Electrically Fast
Transients). They also need short-circuit and
overload protection. All these modules
include isolation between the control side
and the field side via DC-DC converters and
isolation on digital communication between
the field devices and the digital backplane.
Communication over the digital backplane is
done by a variety of interfaces (RS-485, CAN,
Ethernet, etc.) and industrial fieldbuses
(PROFIBUS, DeviceNet, Modbus, Ethernet I/P,
EtherCAT, PROFINET, etc.) On the following
pages, we discuss solutions from Tl for these
various /0 types.




PLC: Analog Inputs

Analog input modules capture and measure
signals such as temperature, pressure, flow, level,
vibration and motion. These parameters are
transmitted from equipment such as sensors and
other field devices on the factory floor in the form
of current or voltage. Current loops typically range
from 4-20 mA while voltage inputs can be single
ended or differential ranging from 0-5V, 010V,
+5V and +10V.

The system accuracy is determined by the
Analog to Digital Converter (ADC) resolution with
thermocouple applications needing up to 24 bits.
Delta sigma ADCs are a good choice with some
products having a built-in PGA and MUX. Some
products also offer ratio-metric measurement with
built-in current sources for RTD excitation and
voltage biases for ungrounded thermocouples.
Slow changing variables like temperature,

pressure, level and flow need lower sampling
rates (up to 2 kSPS) while other applications

and systems with higher channel counts need
larger sampling speeds (several 100 kSPS). SAR
ADCs are a good choice for these applications.
Simultaneous sampling architectures are used
for modules used in condition monitoring, motion
control and power automation.

Signal conditioning considerations include
high-input impedance when interfacing to sensors
with low-source impedance which is achieved
with input buffers and instrumentation amplifiers
(INA). Other considerations are large common-
mode voltage range and common-mode rejection
of interference from motors, AC power lines and
other sources which inject noise on the analog
inputs. Since the inputs could be signals from
thermocouples and other low-level sensors, low
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offset voltages as well as minimal drift of the
offset voltage over temperature is needed to
maintain accuracy. Precision bipolar op amps are
used extensively. Differential amps can be used
when the common mode range is greater than
the power supply rails. Finally, Programmable
Gain Amplifiers (PGA) can be used when the input
voltage range can vary over multiple sensor types.

T1 signal chain solutions for

analog inputs

ADS1248 (temperature measurement and

universal inputs)

e 4 differential or 7 single-ended inputs,
24-hit, single-cycle settling

e |Low-noise PGA, temperature sensor,
burnout detection

e 50-/60-Hz simultaneous rejection,
up to 2kSPS

e Dual matched current sources for
RTD excitation

PGA280 + ADS1259

e Zero drift high-voltage PGA + low-noise,
24-bit, 14-kSPS ADC

e |nput signals from 10s of mV to +15V

e Allows input signal diagnostics

ADS8331/2 (low-power, 16-bit 500kSPS,
4-/8-channel SAR ADCs)

INA159 (precision, level translator diff
amp to couple =10V signals to single
supply ADC)

PLC: Digital I/0

Design Considerations

Digital input modules capture and measure digital
input signals from a wide variety of sensors like
proximity switches, limit switches and push

button switches. Inputs typically are 0-24V with
tolerances up to 30V. The signals from DC sensors
used in PLC digital input (DI) modules are typically
of a higher voltage and are usually isolated
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through optocouplers before going into a shift
register to be serialized. Instead, digital input
serializers can be used to serialize a large number
of digital inputs allowing higher channel densities
in PLC I/0 modules. The isolation is then limited to
the SPI interface as a number of serializers can be
daisy chained. They also provide the benefit of
sensing higher voltages, adjustable current limits
and programmable de-bounce times. Other
functions that are integrated into these products
are temperature sensing and voltage regulation.

T1 solutions for Digital I/0

SN65HVS880 (18V — 30V industrial
8-channel digital input serializer)

SN65HVS881 (10V - 34V industrial
8-channel digital input serializer with
parity)



PLC: Analog Outputs

Design Considerations
Analog output modules are used to drive and con-
trol actuators and other machines and form part
of an overall control system. Current-loop outputs
typically range from 4-20 mA while voltage
outputs range from 0-5V, 0-10V, +5V and =10V.
The linearity, settling time, response and
accuracy is determined by the DAC used. Resistor
string-based DACs are small, inexpensive and
inherently monotonic. For higher resolution and
for applications requiring higher linearity like
open-loop valve control, R-2R DACs are a good
choice. Finally for achieving the fastest settling
times and speeds, R-2R multiplying DACs should
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be used. Selecting the right reference and
pairing it with the right buffer can impact system
performance. Considerations for references
include initial accuracy, temperature drift and
source/sink current capability.

The output amplifier must be picked based
on speed, output voltage level and power. Tl's
XTR family of industrial drivers is a good choice
to implement 4-20 mA current loops. Some
products allow the designer to make the output
programmable to be either a voltage or current.
Newer products integrate the DAC and XTR
together to minimize board space and optimize
power.
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Tl signal chain solutions for

analog outputs

DAC8718 family

® 16-/14-/12-bit family of 8-channel bipolar
+16.5V DACs

e Wide voltage range of +16.5V with up to
6x gain eliminates need for external gain
circuitry

e 10-ps settling time, 4 nV-s glitch energy

e 12- and 14-bit serial and parallel options
provide flexible upgrade / downgrade path

DAC8562 family

e 16-bit family of dual-channel, low-power
and low-voltage DACs

e |ntegrated precision reference (4 ppm/°C
drift), ultra-small package (3x3 mm)

e Wide temperature range (-40°C to 125°C)

XTR300

e Industrial analog current/voltage output
driver

e User-selectable: voltage or current output —
Design flexibility

e Separate driver and receiver channels

e Digital output selection, error flags, and
monitor pins

0PA140 (11 MHz, precision, low-noise,

RRO, JFET op amp)

REF5020 + OPA350 (precision voltage

reference + high-speed, single-supply

rail-to-rail op amp)

PLC: Processor

Processor

To support the processor, development platforms
and software tools in addition to support which
quickens time to market are highly desired.
Connectivity options ranging from Ethernet ports to
UARTSs to simple SPI ports are required. Ethernet
enables integration of field devices to the
corporate enterprise network. Most industrial

Key Beneft

Delfino™ floating-

C2000™ 32-bit real-time MCUs
up to 300 MHz and 512 kB Flash
Stellaris® ARM® Cortex™-M3-
based MCUs up to 80 MHz, up to
256 kB Flash

point series
LM3Sx

MSP430™ 16-hit ultra-low-
power microcontroller, 120 kB
Flash, 4 KB RAM, ADC12, 16-bit
timer, USCI

TMS570 ARM Cortex-R4F-based
microcontroller for safety-critical
applications up to 160 MHz and
2 MB Flash

MSP430F2419

TMS570LS2x

control applications need simple, low-cost PLCs
with lots of digital I/0 and integrated functions.
These include fault diagnostics, watchdog timers,
low power, multiple SPI ports, UARTS, integrated
analog peripherals like ADCs and PWM outputs
which perform similar functions to DACs. MCUs
(Micro Controller Units) are a good choice for
these applications. For applications which push

e |[EC61131-3 programming with CoDeSys
e Integrated real-time control peripherals

e Fully integrated 10/100 Ethernet MAC and PHY

 Hardware-assisted IEEE 1588 precision time protocol

e Integrated CAN controllers

e |ntegrated USB On-the-Go / host / device

e Simple PLC implementation

e Versatile connectivity options

e Optimized system power budget

o Temperature monitoring on-board

e Support for safety-critical applications up to
IEC 61508 SIL-3

e Three integrated CAN controllers

e Powerful Cortex™-R4F floating-point CPU

e Up to 2 MB of integrated Flash memory

capabilities and need higher loop rates along with
advanced control algorithms to handle multiple
functional domains like logic, PID control and
motion, higher-performance MPUs (Micro
Processing Units) are needed. Tl provides
solutions to address all these needs.

Tl processors for PLC
e AM1810 Sitara™ ARM9™ MPU
o Integrated PROFIBUS with application
processor
o PROFIBUS Fieldbus Data Link Layer
(FDL) implemented on PRU subsystem
© ARMS runs PROFIBUS stack and user
application
o AM1810EVM available with AM1810 +
IS01176T
e Includes parts listed to the left

www.ti.com/automation




PLC: Connectivity

Interface

There are a number of fieldbus options — both
serial (RS-485, DeviceNet, PROFIBUS, CAN, etc.)
and Ethernet based. Extended cable reach and
diagnostics to debug wire breaks provides
system designers significant value. Integrated

digital isolation on the interface transceivers is
highly desirable to reduce board space. In
addition, the interface between the DAC and the
controller can be digitally isolated either by using
optocouplers or Tl isolators built with capacitive
technology.

Tl interface products for PLC
1S01176 (isolated PROFIBUS RS-485
transceiver)

e Fully compliant to PROFIBUS and RS-485
e Hot pluggable without data corruption

e High-speed operation

Q
-g 3 Automation 9 § TLK100 (industrial Ethernet PHY)
® E Seiver E § e [ow and deterministic latency
-~
o Ethornet °z e Extended cable reach (up to 200 m)
- 5« e Flexible supply options
£3 3 H o (Cable diagnostics
T3 DCS/SCADA £3 _ _
8- Industrial Ethernet, RS-485, 3 1S01050 (isolated 5-V CAN transceiver)
CAN, Other Fieldbuses = e Integrated CAN and isolation
Data ¢ Reduced loop time
| Sensor | | Actuator | Acquistion . L h . |
i LN ONG, Machine ower power than using optocouplers
3 ntelligen ) o
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> .
K] RTU 80211 & % e Life span > 25 years
3 Sensors & Actuators Gateway IEEE 2 ¢ High immunity for noisy environments
Q - PigtalAnalog ol 7 soats4 « Flexibility with power supplies
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PLC: Power

Power

To protect against transients and ground loops,
the field side which interfaces to sensors is
electrically isolated from the control side. This is
done on a per channel basis or by isolating groups
of channels from each other and from the control
side. The design can be customized for perfor-
mance and cost by using a DC-DC converter and
discrete components or pre-built isolated DC-DC
converter modules can be used. Other consider-
ations include high efficiency and integration
along with smaller packages. Picking a DC-DC
converter with a large input range will protect
against supply transients. Finally, using LDOs with
good PSRR (power supply rejection ratio) to supply
the precision analog circuitry will reduce the
power supply ripple and preserve system
accuracy and resolution.

Tl power management for PLC

Key Benefits

3.5-V to 60-V input, 0.5/1.5/2.5-A, | TPS54060/
DC-DC converters 160/260
Cost-optimized 200-mA linear TLV700xx
regulator

2W, 3.3/5Vin isolated DC/DC TPS55010
converter

+36-V, 150-mA high voltage, TPS7A4901/
ultra-low-noise LDOs TPS7A30xx

Small form factor with 10 SON package
12-/24-\ support plus transients
Easy design with SwitcherPro software tool

Saves board space
Saves energy with 31pA quiescent current
Saves an RC filter through high PSRR of 68 dB at 1 kHz

No optocoupler required
Primary side feedback allows input/output voltage
combinations with the same transformer

Stable with > 2.2yF ceramic capacitor
Low noise with 15.4pV__ and 72dB PSRR

. rms .
Reduces noise from switchers generating + Vout

warranty or endorsement thereof.

Important Notice: The products and services of Texas Instruments Incorporated and its subsidiaries described herein are sold subject to TI's standard terms and conditions of sale. Customers
are advised to obtain the most current and complete information about Tl products and services before placing orders. Tl assumes no liability for applications assistance, customer’s applications
or product designs, software performance, or infringement of patents. The publication of information regarding any other company’s products or services does not constitute TI's approval,

The platform bar, C2000, Delfino, Sitara and MSP430 are trademarks and Stellaris is a registered trademark of Texas Instruments. All other trademarks are the property of their respective owners.

© 2011 Texas Instruments Incorporated

www.ti.com/automation

13 TEXAS
INSTRUMENTS

SLYB180



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:
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Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions  www.ti.com/Iprf
TI E2E Community Home Page e2e.ti.com
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