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How To Improve Speed and Reliability of Isolated Digital
Inputs in Motor Drives
Anant Kamath, Systems Engineer, Isolation Products, Interface Group

Digital Input Receivers in Motor Drives
Digital Input receivers are used in AC and servo motor
control to interface various 24-V signals to the control
module of the drive. These signals include inputs from
field sensors and switches, position and speed
feedback encoded as 24-V signals, clock or PWM
inputs for speed control, and emergency stop signals,
such as Safe Torque Off (STO). Isolation is used to
manage ground potential differences.
5V
Optocoupler
R2
24 V

Sensor/
Switch

designer to independently adjust these parameters.
The ISO121x can reduce power dissipation by a factor
of 5x compared to traditional approaches, as shown in
the How To Simplify Isolated 24-V PLC Digital Input
Module Designs TI Tech Note.
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Figure 2. Digital Input Module with ISO1211

R1

A CMOS based integrated solution such as the
ISO121x offers several advantages over traditional
optocoupler solutions for motor drive digital inputs.
Figure 1. Traditional implementation of Digital
Input Receivers in Motor Drives
Common Implementations
Figure 1 shows the most common implementation of
Digital Input receivers in motor drive applications in
use today. The voltage thresholds and the receiver
input current are set by the resistors R1 and R2, in
combination with the optocoupler’s input
characteristics. A Schmitt trigger buffer is usually
needed after the optocoupler to provide hysteresis for
noise immunity.
New Digital Input Solutions for Motor Drive
Applications

Standard optocouplers have a response time of tens of
micro-seconds, and are not capable of high speed
operation. ISO121x devices offer much higher speed
and response time, and are ideal for high speed digital
inputs such as for position and speed feedback and
control signals in motor drives.
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Device

Controlled Thresholds and Noise Immunity

Texas Instruments' ISO1211 and ISO1212 devices are
high-speed isolated digital input receivers with
integrated current limit, voltage comparator with
hysteresis and reverse polarity protection. The
ISO1211 can be used for channel-to-channel isolation
and the ISO1212 is ideal for multichannel designs.
Figure 2 shows the implementation of one channel of a
Digital Input receiver with ISO1211. The resistor RSENSE
controls the current limit, and the resistor RTHR, the
voltage transition thresholds. This allows the systems
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Higher Speed and Lower Response Times

Motor drives are noisy systems, and it is imperative to
design interfaces including digital inputs for noise
immunity. Optocoupler input response and current
transfer ratio varies greatly from device to device, and
with temperature. Over a period of time, the LEDs
used in the optocoupler also age, resulting in a further
shift in input and transfer characteristics. Keeping
these factors in mind, digital inputs designed with
optocouplers have a wide variation in input voltage
transition thresholds. To keep the current draw low,
often the system designer is forced to design the
digital input receiver to draw the minimum required
current at a higher input voltage (i.e. the maximum
threshold is pushed higher, beyond the desired
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specification). In comparison, as shown in Figure 3, an
ISO121x based solution has controlled thresholds and
hysteresis, and sufficient margin to the low and high
levels, to account for noise, variation in the 24-V
supply and voltage drop in the input wiring.
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Figure 3. ISO121x Based Receivers Have Higher
Noise Margin to the High and Low Levels
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Figure 5. Implementing Bipolar, AC or Sink-Source
Configuration using ISO1212
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Figure 4. Safe Torque Off (STO) Signals
Implemented with ISO1212
Increased Reliability
The ISO121x devices, like other digital isolation
products from Texas Instruments are manufactured
using a well-controlled CMOS semiconductor
manufacturing process. These devices have a very
low Failure in Time (FIT) rate of <0.3 per 1 billion
hours of operation. In comparison, optocouplers have
a FIT rate of 10 to 30 per 1 billion hours of operation,
orders of magnitude worse. The ISO121x devices also
do not age with time, unlike optocouplers.
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Critical signals such as Safe Torque Off (STO) that are
active-low, and hence operate at a continous highlevel in normal operation can cause accelerated aging
in optocouplers. Safe Torque Off (STO) when
implemented with ISO121x as shown in Figure 4
benefits from a lower FIT rate, and negligible impact
from aging.

Digital inputs for motor drives are sometimes
implemented in bipolar or sink-source configuration. To
implement bipolar operation, usually a full-bridge
rectifier using four diodes is used ahead of an
optocoupler. The ISO1212 device can be used to
create an input module that can be used for bipolar,
AC or sink-source operation, as shown in Figure 5,
resulting in a compact solution, while maintaining the
benefits of current limit, and precise voltage
thresholds.
Conclusion
The ISO1212 and ISO1211 devices bring a modern
solution for Digital Input receivers in motor drive
applications offering higher speed, well controlled
voltage thresholds, better noise immunity and
increased reliability and longevity compared to
traditional solutions with optocouplers.
Table 1. Alternative Device Recommendations
Device

Optimized Parameters

Performance Trade-Off

ISO1211

Single-channel isolated
digital input receiver

For channel to channel
isolation

ISO1212

Dual-channel isolated
digital input receiver

For group isolated inputs.
Lower cost per channel

8-channel digital input
serializer

Non-isolated, Lower Speed,
Needs field side supply

SN65HVS880

Table 2. Adjacent Tech Notes
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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, “TI 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 TI Resources does not expand or otherwise alter TI’s applicable published warranties or warranty disclaimers for TI
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI 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 TI products as used in such applications. TI 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 TI 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 TI 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 IS” 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 TI and its representatives against any damages, costs, losses, and/or liabilities arising out of your noncompliance 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, TI 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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