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Abstract

Optocouplers can present challenges when used in noisy environments. These devices are often used to provide an enable function in
Battery Management Systems (BMS). This applications note discusses the issues that can occur in such systems when operating with
high levels of system transients or Electromagnetic Interference (EMI), and provides simple solutions to the problems encountered.
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Use of Optocouplers in Battery
Management Systems

Introduction

The optocoupler's primary function is to transmit a sighal across
an isolation barrier. The isolation in the optocoupler is provided
by a physical barrier between the input and output devices. Light
generated by an integrated LED passes through this barrier and
provides base current to the output bipolar transistor device. As
with any isolation barrier there are parasitic “leakage” paths,
which carry unwanted signals from input to output. The primary
leakage elements in optocouplers are capacitive and provide a
common-mode signal path between input and output, which
responds to changes in the grounds associated with the input
and output circuits.

Figure 1 shows a diagram of an automotive BMS. The system is
split into two voltage domains: High Voltage (HV) and Low
Voltage (LV). These domains are isolated from each other. The LV
side is typically connected to system ground (chassis), while the
HV side, which contains the batteries, is typically floating. Large
transients can occur between the LV and HV grounds when the
HV side is connected to another system, such as a battery
charger, or when the battery charger changes current level
abruptly. These transients, represented by voltage Vx in Figure 1,
then appear directly across any optocoupler or other isolation
devices used to carry signals between the LV and HV domains.
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FIGURE 1. BATTERY MANAGEMENT SYSTEM DIAGRAM
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Optocoupler Overview

A simplified equivalent circuit of an optocoupler is shown in
Figure 2.

FIGURE 2. OPTOCOUPLER EQUIVALENT CIRCUIT

Referring to Figure 2, capacitor Cx is dependent on the
characteristics of the output transistor. Capacitors Cw, Cy and Cz
are parasitic elements related to the process and layout of the
optocoupler die. There are various techniques employed in the
optocoupler design to minimize the effect of these parasitic
elements, but the effects can never be completely eliminated.
Cw and Cx are typically specified in optocoupler datasheets while
Cy and Cz are not typically specified. Also note that Cw, Cy and Cz
will have a strong voltage dependence so the effects seen in
response to transients will vary with the voltage across the
optocoupler.

LV SIDE HV SIDE

Effects of System Transients

A simplified model of the optocoupler can be used to show the
effect of the common-mode transients on the optocoupler
output. Figure 3 shows a circuit arranged to provide an enable
function. The common-mode voltage between the LV and HV
grounds is shown as Vx.

Note that the optocoupler output transistor is shown on the
high-side of the enable output, with the load resistor (R4) to
ground. There are two reasons to choose this arrangement. The
first is that the circuit draws no current when enable is low. The
second concerns resistance to EMI. More on this later.

Simulations run with various values for external components R4,
Ro and C4 show the effect of common-mode transients on the
enable output signal. The waveform used for these simulations is
shown in Figure 4.

The enable signal response for various circuit arrangements is
shown in Figure 5, while Figure 6 shows detail of the reset event
signals. The enable input falling threshold (EN Vth) is nominally
0.3 x 3.3V or approximately 1V and is shown on Figures 5 and 6
for reference.
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FIGURE 3. SIMPLIFIED OPTOCOUPLER SIMULATION CIRCUIT
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FIGURE 4. INPUT WAVEFORM (Vx) USED FOR OPTOCOUPLER CIRCUIT SIMULATIONS
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FIGURE 5. ENABLE SIGNAL WAVEFORMS PRODUCED BY OPTOCOUPLER SIMULATION
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FIGURE 6. DETAIL OF ENABLE SIGNAL WAVEFORMS
Examination of Figures 5 and 6 shows that, with an input An additional simulation shows the effect of a 3kV
transient of -250V, a reset event would occur with the case where common-mode transient on the enable output of Figure 7. The
R4 = 20k and Ry = 2k. Other simulations show progressive input (Vx) signal used for this simulation has the same form as
improvement as R, is reduced in value or if C4 is increased in that shown in Figure 4, except that the peak value in this case is
value. The result when R4 = 10k and C4 = 10nF, with R is 3KkV. The result can be seen in Figure 8, which shows no reset
shorted, is seen in the green trace on Figures 5 and 6. This leads event in response to a 3kV transient.

to the recommended circuit arrangement shown in Figure 7,
which has only two components (R4 and C4). R is not used.
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FIGURE 7. RECOMMENDED OPTOCOUPLER CIRCUIT
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FIGURE 8. RECOMMENDED CIRCUIT OF FIGURE 7 - ENABLE SIGNAL RESPONSE TO 3kV COMMON-MODE TRANSIENT

Effects of EMI

High frequency modulation of the isolation voltage Vx couples to
the optocoupler output transistor base through capacitor Cy
(see Figure 2). This results in an average DC current flowing from
the emitter of the output transistor through the load resistor R4
(see Figure 3). This effect of this is often seen as a delay in the
time required to turn off the Enable signal in cases where the
system is subject to high levels of EMI and value of R4 is too
large, and can be reduced or eliminated simply by reducing the
value of R4. For example, reducing the value of R4 from 10k to
1k will improve EMI immunity by a factor of 10. The only penalty
of this change is an increase in the current drawn by the Enable
circuit, when the enable signal is high, from 330uA (10k) to
3.3mA (1k).

Conclusion

Optocoupler circuits need careful design to eliminate effects due
to system transients and EMI. The simple addition of a filter
capacitor can provide immunity to transient voltages in excess of
3kV. EMI effects are addressed by appropriate selection of the
optocoupler load resistor.
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the
product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); larg: le corr { i ; key financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’'s manual or
other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and

sufficiently investi i laws and ions that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.

o

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who di

party in advance of the contents and conditions set forth in this document.
11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

butes, disposes of, or of ise sells or transfers the product to a third party, to notify such third

(Rev.4.0-1 November 2017)
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