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Basics of the standard digital isolators

Outline:
This document describes fundamental properties and features of standard digital isolators used in
communication applications

©2021-2023 1 2023-04-10
Toshiba Electronic Devices & Storage Corporation Rev.1.2



TOSH'BA Basics of the standard digital isolators
Application Note

Table of Contents

1 I O Y= SV 1= NG

7220 A 01 o] o= 11 o ] o S C |

2.1. Application eXamplesS wiecerrseerrssnsrssnsmrsanssssnsssssnssssnnssssnssssnnsssnnsssnnnsssnnssnnnns 3
2.2. Examples of inverter appliCatioNsS .uuvessvessssssssssssssnsssnsssnsssnsssnsssnsssnssnnssnnsnns 3

3. Operating principle of digital isolator scccccccessrsrssssnnncnnnnnnnns

4
4. Digital isolator SIrUCtUIe seecceessssssssssssnnsnnsssssssssssssnnnnnnnnnnnnsd
5. The lineup of standard digital iSOlatOrs suieesssnssssnssssnnnssnnnsd

7

6. Features of standard digital iSOlator ccccsvvsseemsrssssnnsssssnnnnnnns

6.1. Common Mode Transient Immunity (CMTI) vueesrssessssnnrssnsrssnssssnnssssnnsssnnssnnnns 7
6.2. High-speed communication of 150 Mbps data transfer rate .ueccssseesssassssansssanss 8
6.3. High reliability and Safety suvesssessssssesssasssasssnsssnsssasssnsssnsssnsssnsssnsssnsssnssnnsnns 8
B.3. . SaA Y Lttt 8
6.3.2. Long iNSUIAtioN [fe. ... e e 9
6.3.3. High isolation VOIRAGE ......c.eieiii e 9

7. Electrical characteristics and application circuit example of
standard digital iSOlator vecssssssanssssssansssnnsssnsssnnsssnnssansenas 10

7.1. Switching CharacCteriStiC sasssesssasssasssanssanssanssanssansssnssansssnsssnsssnssnnsnansnnnsnnns 10
7.2. VOH/VOL CharaCteriStiCS suvasssasssanssanssanssanssanssanssansssnsssnsssnssnnssnnssnnssnnsnnnsnnns 11
7.3. Power Dissipation RatiNQS seessssssssssassssanssssnssssssssssnsssssnssssnssssnnsssnnssssnnssnns 11
7.4. Application circuit @Xample (1) cosseessesssesssassssssassssssusnsusnssnnsunnsunnsnnnsnnnsnnns 12
7.5. Application circuit eXample (2) secsessssssessrssssssssssssnssssssssssnssssssssssnssssnnsenns 12

8. Package information uvecssscssssnsssnsssnsssnnsssnsssnsssnnssnnsnnnns 13
(@4 g =T 10 =1 o o 14
RESTRICTIONS ON PRODUCT USE tiicetsansssnssssnsssnsssnssnnnsnaa 15

©2021-2023 2 2023-04-10
Toshiba Electronic Devices & Storage Corporation Rev.1.2



TOSH'BA Basics of the standard digital isolators
Application Note

1. Overview

This section describes the basic properties and features of the standard digital isolator "DCL54x01" series.
This product is an insulated interface composed of buffer logic of high-speed four channels that realizes high
common-mode transient immunity (CMTI) of the industry-leading class [Note 1]. The "DCL54x01" series is
scheduled to be deployed in ten product types [Note 2].

By adopting our original magnetic coupling type insulated transmission method, high CMTI 100 kV/us(min)
is realized. This contributes to the stable operation of equipment even if affected by noises. It is also suitable
for high-speed communication applications because it realizes low pulse-width distortion of 3.0 ns (max) and
high-speed data transfer rate 150 Mbps (max). “DCL54x01” series can operate under wide range of supply
voltage from 2.25 to 5.5 V. In addition, SOIC16-W packaging complies with UL 1577 and has a 5000 Vrms
rating as an isolation voltage.

[Note 1] This is a product with the same rating based on our survey (as of March 2023).
[Note 2] As of March 2023

2. Application

2.1. Application examples

Industrial automation (programmable logic controller, I/O interface, etc.)
Motor control
Industrial inverters and general-purpose inverters

2.2. Examples of inverter applications
The Standard Digital Isolator can communicate at a faster 150 Mbps (max.) than a photocoupler.
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Figure 2.1 Examples of Inverter System Applications
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3. Operating principle of digital isolator

Our digital isolator forms a thick insulating film on a typical semiconductor process and realizes electrical
disconnection (= isolation) by signal transmission with high breakdown voltage insulation and magnetic coupling.
On off keying method, which high-level and low-level input signal are represented as the carrier wave presence
or absence, is adopted as the data coding. Transmitting high frequency carrier wave between inductors enables

high quality data transfer.
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Figure 3.1 Internal Circuit Configuration

4. Digital isolator structure

The digital isolator consists of a modulation chip with an insulating film (e.g., Si-oxide) and a demodulation
chip. It is structured that the magnetic field transmits the input signal from the modulation chip side, and the

demodulation chip side receives the data.
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Figure 4.1 Digital Isolator Structure (Perspective View)
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5. Thelineup of standard digital isolators

The main lineup of our standard digital isolator products is shown in Table 1.1.[Note 3]
All of the products introduced here have buffer logic type output. In terms of functions, the product lineup
comprises a combination of channel configuration, default output logic [Note 4], and enable/disable control.
[Note 5] Therefore, suitable products can be selected according to the required functions.

[Note 3] Including the information of products under development.

[Note 4] The default output logic is a function to stabilize the output status when the input signal becomes open
or the power supply on the input side is cut off, etc. For example, for a DCL540L01, the output logic can be
fixed at low level in the event of an unexpected situation such as an input-signal disconnection. This function
can provide a safety redundancy design for the operation of the following system via isolation.

[Note 5] For DCL540L01 or DCL540H01, the output is enabled by the enable control signal High. Conversely,
the output is disabled (output high impedance) by the enable control signal low. On the other hand, for
DCL541A01 or DCL541B01, the input is disabled by the disabled control signal High, and the output signal
defaults as Note 4.

Part number DCL540L01 | DCL540H01 | DCL541L01 | DCL541H01 | DCL542L01 | DCL542H01

Number of
channels
Forward:Reverse

e
o

31 2:2

Default output

logic Low High Low High Low High

Enabled /

Disabled control Output Enable

voulJ1 e 16 —Jvon2 voorl—]1 ® |} 16Jvoo2 v ] 1 @ ) 16[1Vo2
GNDi] 2 : : 15 JGND2 | g 2 : : 15N | GNDiC 2 : : 15[——1GND>
vl 3 >— 14Jvor vul—] 3 >—1 14 Ivor vl 3 >— 14 Jvor
. I ve[] 4 -D—l h 13Jvo2 ve—] 4 -D—: ! 13 1vo2 ve[—] 4 -D—l h 13[JVo2
Pin ayOUt v 5 -D—: I 12[vos vel—] 5 _D_= ! 12 vos vos[] 5 it 12[vis
vu—] 6 >— 11Ivos vos—] & j—l R — voaC—] 6 1w
Nnc—] 7 I 10—len: e 7 X 101N, e 7 I 10—Jen:
GNDi[] 8 11 9[eND2 | o] 8 M 9 —lcenp. | GNDi] 8 11 9 [1GND2
Package SOIC16-W
Propagation o
delay (Max) 21.0 ns (@Supply voltage 2.25 to 2.75 V, Temperature range -40 to 110 °C)
Supply voltage 225055V
Operating o
temperature -401t0 110 °C
Storage o
temperature -651t0 150 °C
Isollatlon. voltage 5000 Vrms
rating(min)
UL 1577(Recognized) UL 1577(Recognized)
Safety standard VDE V 0884-11(Recognized) VDE V 0884-11(Planned)
GB 4943.1-2022(Recognized) GB 4943.1-2022(Recognized)
Table 5.1 Standard Digital Isolator Lineup
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Part number DCL541A01 | DCL541B01 | DCL540C01 | DCL540D01
Number of
channels 31 4:0
Forward:Reverse
Default output . .
logic Low High Low High
Enabled / .
Disabled control Input Disable None
vooil__]1 @ i i 161 Von2 vooil__]1 @ i i 161 Voo2
GNDi[] 2 [ 15[ JGND2 | GNDiC] 2 [ 15[_1GND2
vu[] 3 I 14 va vul] 3 -[>—: ! 14 va
. v 4 1 ='>_ 13[vo2 ve[] 4 -D—I ='>_ 13vo2
Pln IayOUt vies[—] 5 12[Jvos visC—] 5 -|>—| |-|>— 12[Jvos
vos_] 6 ! :—t 11 Jvu vul[—] 6 '>_= :'D_ 11 —1Vos
pisiC] 7 : : 10[—Jbis> N[ 7 : : 10—INC
GNDi[] 8 11 9 [1GND2 GNDi[—] 8 11 9 [IGND2
Package SOIC16-W
Propagation 21.0ns (@Supply voltage 2.25t0 2.75 V,
delay (Max) Temperature range -40 to 110 °C)
Supply voltage 225t055V
Operating o
temperature 4010110 °C
Storage o
temperature 6510150 °C
Isollatlon. voltage 5000 Vrms
rating(min)
UL 1577(Recognized)
Safety standard VDE V 0884-11(Recognized)
GB 4943.1-2022(Recognized)
Table 5.2 Standard Digital Isolator Lineup
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6. Features of standard digital isolator

6.1. Common Mode Transient Immunity (CMTI)

Common-mode noise is a type of noise in which current flows in the same direction by superimposing both
signals and GND lines. A digital isolator driven by independent power supplies provides signal transmission
with electrically isolation between circuits. However, even in such cases, if either GND potential fluctuates,
common-mode noise occurs. This common mode noise causes the displacement current flowing through the
coupling capacitance between the primary (input side) and secondary (output side) inside the standard digital
isolator. When the current reaches a certain level, it may cause a malfunction not only for the digital isolator,
but for the system. Therefore, tolerance to such common-mode noise is essential for the stable operation of the
system. CMTI represents the capability to accommodate high slew-rate transient voltages between such GNDs,
and the larger CMTI, the higher noise immunity and the better for applications where isolation is required.
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Figure 6.1 Sample Output-Waveform Measuring Circuit with Common-Mode Voltage Vcm
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Figure 6.2 Common Mode Transient Immunity Comparison
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6.2. High-speed communication of 150 Mbps data transfer rate

Until now, Toshiba's four-channel photocouplers support only transistor coupler output-type devices, and
their data transfer rate has been limited to several kbps to several dozen kbps. In addition, the high-speed
communication photocoupler covering until 50 Mbps with single-channel totem-pole output is in our lineup.

On the other hand, the standard digital isolator supports four channels and has a pulse width distortion
within 3.0 ns to form a clear eye pattern. It supports up to 150 Mbps data transfer rate. The channel-to-
channel propagation delay difference is also within 3.9 ns, facilitating multi-channel design such as SPI
communication isolation.

Ui 200000000 Touk 306005000

Figure 6.3 Sample Eye Pattern for DCL541A01 (3.3 V Power Supply 150 Mbps Operation)

6.3. High reliability and safety

Toshiba's CMOS processing and double insulation construction satisfy the following two requirements for
the reinforced insulation specified in VDE V 0884-11.

® High dielectric strength with surge capacity of 12.8 kV or more

® | ong life with an estimated insulation life of 37.5 years@1 ppm (TDDB test 1.2 kVrms) or more

6.3.1. Safety

The double insulation structure adopted in DCL54xx01 series standard digital isolators prevents from
the short-failure mode between the primary and secondary sides even if either insulation barrier is
broken down. This enhances the safety robustness same as photocouplers.

- - ~o

Chip 1 L— i L—1 ', chip
A I— N .

S - )
L ] L

Primary side Secondary side
Insulation film x 2 = Double

Figure 6.4 Double insulation structure
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6.3.2. Long insulation life

TDDB test results indicate that the insulation life of DCL54xx01 series digital isolators is estimated 70 years or
more under specified conditions in VDE V 0884-11. This estimated life is enough against the requirement in
VDE V 0884-11 of 37.5 years.
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Figure 6.5 Estimated insulation life data

6.3.3. High isolation voltage
Toshiba standard digital isolators have over 12.8 kV of surge withstand voltage that is result of

applying surge voltage (1.2/50 ps waveform) using a combination waveform generator according to IEC
61000-4-5.
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Figure 6.6 Surge Test Voltage Waveforms
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7. Electrical characteristics and application circuit example of standard
digital isolator

7.1. Switching characteristic

The propagation delay time tphi, toin indicates the time from the input signal to output logic inversion. The
"HL" part means the direction of the change in the output voltage. Pulse width distortion | t;Hi-toLH | indicates
the absolute value of the difference between tynL and toin in a single product. It is used as an index to confirm

the level of distortion of the transmitted waveform. DCL54xx01 guarantees propagation delay variation in 3.0
ns (max.).
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Figure 7.3 Switching Characteristics Measurement Circuit Diagram
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7.2. Von/VoL characteristics

The output voltage characteristics in the figure below show the dependences of the H-level output voltage
(Von) and L-level output voltage (VoL) on the output current. Von indicates the output voltage when the output
is H, and VoL indicates the output voltage when the output is L.
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7.3. Power Dissipation Ratings

The figure below shows the power dissipation ratings of SOIC16-W. Please use our standard digital
isolators within the following ranges.

600

500
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400 |
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| | |
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Figure 7.6 Safety Limits-T. Ambient Temperature
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7.4. Application circuit example (1)

The figure below shows an example of a connection when isolated SPI communication from an
external controller is required in a motor control system. Four pins of chip select pin CSN, clock pin
SCLK, data input pin SlI, and data output pin SO are used for SPI communication.

T§°g¢ — .60 =
. . *!
MCU oo - t= 1m woi 1+ vooz 2 e Motor system

2 it 1s T BAT
GND1 |} voD2
3 H 14
csN vIt |D N |> Vot cSN
4 H 13
SCLK vIz |D i |> voz SCLK
S 'y 12
sI vtz i D~ vos 534
[-3 i 11
s0 Vo4 _<I‘ _<}_ V14 S0
brd i 10
DISt | pIsz
8 M g
GND GND1 ' GND2 GND
berd ] bezd
GND1 I GND2

Figure 7.7 Example of SPI Connection Diagram

7.5. Application circuit example (2)

To stabilize the power supply voltage and stabilize the operation of the product, connect smoothing capacitors
between the primary power supply pin (between 1pin Vpp1 and 2Pin GND+) and the secondary power supply
pin (between 16pin Vpp2 and 15pin GND2). Place a bypass capacitor 0.1 uF with good high-frequency
characteristics as close to the root of the IC as possible. (within 10 mm)
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Figure 7.8 PCB layout example
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8. Package information

Mounting type Surface Mount
Number of Pins 16
Package Dimension
Widthx Length | 10.3 x 10.0 x 2.45 (typ.)
xHeight (mm)
10.3%0.2 !E
16 15 14 13 12 11 10 9
5]
(@]
Package O
Dimension(mm)
| HHBOBHA
1 2 3 4 5 ] 7 3
1.2%‘15
10£0.2
g JI L
J WHHOEEHEH ¥ J1 e
!m 0.65*0.15 _l_ E
08
I L
OOmnmnnmn
G IR
Land Pattern 1
Example (mm)
Ll [
0000000C
mﬂ o Lo
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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”.

TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

This document and 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.

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.

PRODUCT IS NEITHER 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 signaling 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 us via our
website.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

The information 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.

ABSENT A WRITTEN 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.

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.

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.

Toshiba Electronic Devices & Storage Corporation

https://toshiba.semicon-storage.com/

© 2021-2023 15 2023-04-10

Toshiba Electronic Devices & Storage Corporation Rev.1.2


https://toshiba.semicon-storage.com/

	1.  Overview
	2.  Application
	2.1. Application examples
	2.2. Examples of inverter applications

	3.  Operating principle of digital isolator
	4.  Digital isolator structure
	5.  The lineup of standard digital isolators
	6.  Features of standard digital isolator
	6.1. Common Mode Transient Immunity (CMTI)
	6.2. High-speed communication of 150 Mbps data transfer rate
	6.3. High reliability and safety
	6.3.1. Safety
	6.3.2. Long insulation life
	6.3.3. High isolation voltage


	7.  Electrical characteristics and application circuit example of standard digital isolator
	7.1. Switching characteristic
	7.2. VOH/VOL characteristics
	7.3. Power Dissipation Ratings
	7.4. Application circuit example (1)
	7.5. Application circuit example (2)

	8.  Package information
	Changelog
	RESTRICTIONS ON PRODUCT USE

