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Executive summary

Galvanicisolation between circuit blocks is a key requirement in systems where high- and low-voltage circuitry need to
interact. Low-voltage circuitry that is sensitive to electrical surges and spikes must be protected to avoid damage that
may cause safety hazards or decrease system reliability. As system designs become more sophisticated and turn to
higher frequency operation to improve efficiency, issues arise with traditional approaches to isolation such as the use of
optocouplers, in terms of both component size and speed of response. Digital isolation based on Toshiba’s magnetic
coupling technology provides the speed and flexibility to meet these challenges.

The need forisolation

Isolation is a vital element of many electronic system designs, particularly those that maintain industrial processes,
automotive systems and consumer appliances. The circuit boards of these systems often need to support subsystems
that operate at high voltage and current levels that interact with control elements that deal with much lower voltage
supplies and signals.
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Figure 1: Numerous types of applications call for galvanic isolation between high- and -low voltage subsystems

The presence of high-voltage and high-current circuitry on the same PCB can give rise to many problems, from data
corruption to safety hazards. If the different sections of the system are not isolated from each other, electrical noise and
spikes can propagate from high-voltage subsystems and external I/O to the low-voltage circuitry.

The electrical noise can affect the inputs to sensitive mixed-signal components such as analog-to-digital converters,
resulting in false readings. Stronger pulses may lead to bits being flipped in transfers from memory and other digital
peripherals to the host processor. Stronger spikes may cause damage to semiconductor components, potentially
resulting in latch-up conditions that lead to total system failure. The heat generated in components not designed to
handle the stresses can lead to fires. And the breakdown of insulation caused by these spikes may lead to I/0 cables
that are normally considered safe to handle delivering dangerous electrical shocks to operators and users.

Even at relatively low levels, exposure to repeated electrical surges can lead to reduced system reliability. Inadequate

protection can not only affect the performance of the circuit itself but can also lead to the equipment generating
electromagnetic interference that is coupled onto I/O lines and power cables, potentially disrupting the operation of
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nearby electronic equipment. Such a condition will probably result in equipment being unable to pass the
electromagnetic compatibility (EMC) testing needed in most territories where it will go on sale.

Systems will need isolation at most points where low- and high-voltage subsystems need to interact, such as the
control signals that are delivered to power converters or to electrical motors. Effective isolation prevents direct current
transfer from one side to the other.

Increasing demands

As system designs become more sophisticated, isolation has to meet tougher demands. In automotive applications,
manufacturers increasingly take advantage of devices that are made on more advanced semiconductor processes.
These components operate at lower voltages and are more sensitive to over-voltage and over-current conditions.

Design changes are also being exploited on the high-voltage side of the system. Wide-bandgap power semiconductors
can handle far higher switching frequencies than conventional silicon devices. Motor designers are embracing these
devices because their ability to handle high switching rates not only reduces overall size but also delivers significant
improvements in power efficiency. Compared to traditional architectures, these switching strategies call for higher
frequencies on the control lines used for tasks such as pulse width modulation (PWM) that pass between the low- and
high-voltage domains.

The increased use of networked control in which data signals are passed to each other by cooperating systems such as
programmable logic controllers (PLCs) or the management systems in green-energy installations puts additional
demands on isolation used to protect against EMC and voltage surges from external equipment. These distributed
control systems demand the ability to support high-speed digital protocols at speeds that can reach 100Mb/s and
beyond. Not all isolation products can support this requirement.

Conventional technologies

Traditionally, the optocoupler has proven to be a reliable form of isolation for many applications. The technology offers
excellent isolation between domains because there is no electrical connection between the two sides of the device. The
optocoupler uses a light-emitting diode (LED) on the transmitter side to convert incoming electrical signals into
photons. A non-conductive transparent barrier conveys the light to a photodetector on the receiver side.

Because the LED can generate a light signal that is proportional to the electrical input, the optocoupler can either
support analog or digital signals. Further, it offers a high degree of EMC, because photons are unaffected by electrical
interference. Optocouplers can be obtained in compact packages, making them suitable for designs where spaceis at a
premium and where isolation is needed only for a few channels. Because they are often supplied as discrete parts, size
can become more problematic if the design calls for a larger number of parallel communications channels to be
isolated. Isolation of high- and low-side PWM outputs and fault-signal inputs, for example, can call for as many as eight
devices.

Though optocouplers can work well for lower-datarate protocols such as 12C and analog signals, the transmission
bandwidth is limited by the response times of both the LED and the photodetector. In practice, the maximum
achievable digital datarate is around 50Mb/s. A further issue is that the light output of the LED degrades over time,
which may affect system performance and accuracy.

Capacitive coupling provides another form of isolation that can be suitable in scenarios where a lower level of isolation
is required. Manufacturers have employed this form of isolation in integrated devices that need to support both high-
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voltage and low-voltage electrical paths. The coupler works by using the charge and discharge of a capacitor, blocking a
direct flow of current up to the breakdown voltage. An advantage of capacitive coupling is that it is simple to integrate,
supporting multichannel communications. However, isolation is limited to the breakdown voltage of the insulating
layers of the capacitor, which may not block potentially damaging high-voltage spikes. Another drawback is that they
can only support digital signals, which may limit applications in /O circuitry.

One of the earliest forms of galvanic isolation to be used, inductive coupling can offer a better combination of features.
This form of isolation takes advantage of induction to transmit signals across an insulating barrier. The electromagnetic
field produced by changes in current in the primary winding induces a current in the secondary winding, allowing a
signal to pass.

Used in electrical transmission, magnetic inductance can operate in very high voltage systems and deliver highly
effective isolation into the range of hundreds of volts. The transformers can have a very long operational life and can
work across a broad frequency range that is larger than that supported by optocouplers.

A new generation of magnetic coupling

Though magnetic coupling may be more familiar in the form that calls for bulky discrete transformers, advances in
semiconductor technology have made it possible to integrate inductors into much smaller chip-level products. An
example is the DCL54x01 series developed by Toshiba Electronic Devices & Storage. This digital isolator comprises two
co-packaged chips, one acts as a modular and the other demodulates the received signal. Separated by a dual
insulation barrier, magnetic coupling from the windings etched into the modulator passes the signal to the windings on
the demodulation chip.

Sometimes known as inductive coupling, the high-integration isolation provided by Toshiba’s magnetic coupling
technology delivers safe operation in systems that involve high-current and high-voltage circuit paths. To ensure
protection against voltage surges as high as 12.8kV, as measured using the tests specified in the IEC 61000-4-5 standard,
the DCL54x01 employs a double-isolation structure to ensure safe operation, even under extreme conditions. In
addition to the air gap between independent chips, insulation film resistant to high voltages protects the electrical
structures on each chip. The structure prevents shorts between the two sides of the isolation if the primary insulation
barrier fails and enables the device to satisfy the demands of the VDE V 0884-11 standard. The design provides a long
insulation life of an estimated 70 years, based on measurements using standard time-dependent dielectric breakdown
(TDDB) tests with 1.2kVrms pulses. This long life supports green energy and industrial applications where the service life
may extend for decades.
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The modulation scheme used by the DCL54x01 takes the form of off-keying, in which high- and low-level states are
represented as the presence and absence of a carrier signal, respectively. This digital-signaling method provides a
highly reliable method for passing data at rates of 100Mb/s and higher. It also delivers high noise immunity, including
the common-mode transients that are often encountered in high-power circuitry.
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Figure 2: Digital Isolator Structure

Common-mode noise is a type of noise where current flows in the same direction on both the signal and ground lines.
Isolation against this form of noise is more difficult to achieve because the displacement current acts on both signal and
ground lines. This noise might couple through an isolation barrier, particularly in the case of capacitive isolation
products. If the current coupled onto the receiver side reaches a certain level, it may cause a malfunction not just in the
isolation interface itself, but across the entire system. High common-mode transient immunity (CMTI) is essential for
reliable operation. Magnetic coupling products deliver this immunity. The DCL54x01 has been tested to deliver
protection at more than 200kV/us under standard CMTI protocols.

Off-keying modulation provides a highly effective and reliable method of communicating PWM signals from a
microprocessor to the gate drivers controlling a motor or inverter on the high-voltage side of the PCB. In the DCL54x01,
the method delivers a pulsewidth distortion of less than 3ns, ensuring accurate transmission of PWM and other high-
speed logic-level signals.

The high integration available with semiconductor-based inductive coupling provides the ability to implement multiple
parallel channels into the same package. Products in the DCL54x01 family provide up to four channels in a variety of
forward-reverse configurations, including four forward channels and two pairs of forward and reverse channels with the
option to enable controls on one or more of the input channels. With a propagation delay of 21ns, channel-to-channel
propagation delay difference lower than 3.9ns.

Integration: an example

Flexible configurations available with the DCL54x01 provide many locations for high-grade isolation in PLCs and similar
systems. A PLC is typically separated into several cooperating modules connected by a common backplane supporting
low-voltage power rails up to 24V alongside 5V control paths. The power module will require isolation for the PWM
signals responsible for switching power transistors on and off, as well as to protect control signals that monitor the
power circuitry. To avoid shoot-through and similar switching issues, multiple PWM signals may be needed, which
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increases the number of parallel control signals. Support for reverse-direction signals in the same isolation device
enables error signals to pass from the power stage to the controller. Any motor-controller modules will require a similar
combination of isolated paths.
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Figure 3: Programmable logic controller: Overall block diagram

In an analog-input module, isolation will often be used to ensure reliable clock signals are passed to a successive-
approximation (SAR) data converter. In digital I/O modules, there will be a need to support multiple channels for
communicating with other PLCs and for general-purpose I/Os that control external equipment. The flexible
configurations of the DCL54x01 ensure it is possible to provide isolation that supports high transmission rates with the
minimum of board space required.

Conclusion

In an environment where there is a growing demand for reliable high-voltage isolation that can deal with increasing
system frequencies and communications datarates, Toshiba’s DCL54x01 provides an effective and space-efficient
solution.

Contact us to discuss incorporating
our products and solutions into your
design:

https://toshiba.semicon-storage.com/feu/contact.htmil

toshiba.semicon-storage.com

Copyright 2023 © TOSHIBA ELECTRONICS EUROPE GMBH, All Rights Reserved.


https://toshiba.semicon-storage.com/eu/contact.html

Whitepaper TOSH I BA

Restrictions On Product Use

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.
e TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

e Thisdocumentand any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA’s written permission, reproduction is permissible only if reproduction is without alteration/omission.

e Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software
and systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life,
bodily injury or damage to property, including data loss or corruption. Before customers use the Product, create designs
including the Product, or incorporate the Product into their own applications, customers must also refer to and comply with (a)
the latest versions of all relevant TOSHIBA information, including without limitation, this document, the specifications, the data
sheets and application notes for Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability
Handbook" and (b) the instructions for the application with which the Product will be used with or for. Customers are solely
responsible for all aspects of their own product design or applications, including but not limited to (a) determining the
appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the applicability of any
information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other
referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO
LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

e PRODUCT ISNEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY
CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without
limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting
medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signalling equipment,
equipment used to control combustions or explosions, safety devices, elevators and escalators, and devices related to power
plant. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please
contact your TOSHIBA sales representative or contact as via our website.

e Do notdisassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole orin part.

e Productshall not be used for orincorporated into any products or systems whose manufacture, use, or sale is prohibited under
any applicable laws or regulations.

e Theinformation contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for
any infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No
license to any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

e ABSENT AWRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR
PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER,
INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND
(2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR
INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE,
ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

e Do not use or otherwise make available Product or related software or technology for any military purposes, including without
limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile
technology products (mass destruction weapons). Product and related software and technology may be controlled under the
applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and
the U.S. Export Administration Regulations. Export and re-export of Product or related software or technology are strictly
prohibited except in compliance with all applicable export laws and regulations.

e Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of
Product. Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR
LOSSES OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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