Application Note /

©)

Isolation
Capacitivel




AN-13-0001 NOVOSLENSLE

Isolation Failure Modes in
Capacitive Isolated Devices

ABSTRACT :

Capacitive isolated products (such as isolators, isolated amplifiers, isolated power products, etc)
are devices that separate output from input and avoid unwanted direct and transient current
between two systems, while signal and power can be transmit correctly. For example, isolators
can shift signals referenced to different levels, protect the sensitive control module from high
voltage and minimize the fault coverage when an electrical malfunction occurs. ;
For these isolated products, a failure of the isolation barrier can result in system malfunction and
a potential operator safety hazard. Here we discuss the mechanism of isolation failure modes ;
and the recommended application of capacitive isolated devices to avoid isolation failure. -
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1.Mechanism of Isolation Failure Modes

1.1.Structure of Capacitive Isolators

Figure 1 shows the structure of a serious-capacitor isolators. There are two isolation capacitors in series respectively on
different dies, and SiO2 isolation dielectric with the thickness of more than 28 um can achieve reinforced insulation. Si02
has the advantages of high reliability and dielectric strength compared with other insulator materials, such as epoxies,

Polyimide, etc.
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Figure 1. Structure of a serious-capacitor isolator

According to the structure of capacitive isolators, two possible failure modes are discussed in this paper for users to

understand the causes of isolation failure.

1.2.Failure Mode 1: Overvoltage across the Isolation Barriers

The first failure mode is overvoltage across the isolation barriers shown in Figure 2(a). The failure occurs when the voltage

applied to the isolated sides exceeds the isolation withstand voltage. Figure 2(b) shows photographs of the first isolation
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Breakdown due to overvoltage across isolation barrier

failure mode.
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Figure 2(a) Overvoltage across isolation barrier
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For destructive test, the sample NSI1300D25 is tested at insulation voltage VISO =13kVrms per UL1577. The isolation
capacitors are damaged and shorted out due to electrical overstress. To avoid this failure, it is suggested to choose isolat-
ed products that meet the system voltage level and allow sufficient margin. The NOVOSENSE capacitive isolated products
provides industry leading isolation performance, which help users furtherly reduce the risk of failure mode 1 because of

higher margin.

Figure 2(b). Photographs of the first isolation failure mode

The NOVOSENSE capacitive isolators provides industry leading isolation performance, which help users reduce the risk of

failure mode 1 further because of higher margin.

1.3.Failure Mode 2: High Power on One Side of the Isolator

The second failure mode is high power on one side of the isolator shown in Figure3(a). Within safety limits, which are defined
as the boundary range of the operating conditions, insulation performance can be maintained even if function is lost. The
second failure mode happens when the isolator operates beyond the safety limits, such as short circuit, excessive electro-
static discharge (ESD) and power transistor breakdown, etc. and the circuits suffer severe structural damage. With abnor-
mally high voltage and high current in the isolator for a period of time, the circuits and components integrated in the same
die with the isolation capacitors are damaged from the excessive heat stress, causing damage to the isolation dielectric.
The failure influences the isolation performance of the damaged die. In the NOVOSENSE capacitive isolation technology, the
reinforced isolation is realized by two separate capacitors in serious placed on two separate dies. When the second failure
mode occurs, one side of the isolation capacitor may be damaged while the other side is still intact, providing basic
isolation.

Figure 3(b) shows the photograph of the second isolation failure mode. The sample is NSI8131 after VDD to GND electrical
overstress (EOS) test. The isolation capacitor of the left die is influenced by the surrounding damaged circuits. The damaged

sample still pass 3kVrms insulation voltage per UL1577. In this occasion, an operator safety hazard can still be avoided.
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Damage from high power dissipation on one side of isolator
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Figure 3(a) High power on one side of the isolator

#1-VDD1 to GND1

_—

Figure 3(b). Photograph of the second isolation failure mode

To further verify the limited damage of the second failure mode, some other test results are shown in Table 1. All of the
samples still pass 3kVrms insulation voltage per UL1577 after damaged due to severe overpower events, providing basic

isolation.

Table 1. Insulation test results after specific overpower tests (failure mode2)

L. Y f o ) 1V __test per UL1577
Test description devl;gls)i;:ted failure phenomenon Is°3°°°"ms’ 60s ’
VDD1 EOS destructive test: VDD1=15V (absolute 3 VDD1 short to GND1, Pass
maximum value of 6.5V), 300mA limited . . inputside die damaged .
VDD2 EQOS destructive test: VDD2=15V(absolute 3 VDD2 short to GND2, Pass
maximum value of 6.5V), 300mA limited i output side die damaged :
System ESD destructive test: 30kV on VDD1 to GND1
? - - 2 + VDD1shortto GND1, .
dlsc.harge model: R—.33OQ and C=330pF, ' 2 ! input side die damaged Pass
10 times each polarity H H :
System ESD destructive test: 30kV on VDD2 to GND2,
discharge model: R=330Q and C=330pF, : 2 : VbD2 §Qorct|.todGND2, q : Pass
10 times each polarity ' ' outputside die damage :
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2.Application Example

In this section, we take the typical motor drive system as an example to discuss the selection and application of capacitive
isolators to avoid the above two failure modes.

The typical motor drive system shown in Figure 4 transfers the AC grid to the motor drive output, including rectifier circuit,
inverter circuit and control MCU. The control module MCU are accessible to humans through the communication bus. For
safety requirements human-machine interface (HMI) must have insulation barriers from the high voltage and power
circuits. The voltage and current sensing ICs provide isolated signals for closed-loop control and system protection. The
isolated drivers transfer PWM signals to the isolated driving signals for the IGBT module. The isolation barriers are set for
functional purposes, safety requirements or both.

The IEC 61800-5-1 specifies the safety requirements of isolation in motor drive systems. The isolation ICs are selected to
satisfy the requirements of the system voltage, temporary overvoltage, impulse voltage, working voltage, clearance,

creepage, etc. and reserve sufficient margin. The greater the margin, the higher the isolation reliability.
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Figure 4. Typical application circuit in motor drive system
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Through the appropriate selection and application of isolators, the first failure mode: overvoltage across the isolation
barriers can dramatically be avoided. NOVOSENSE isolators allow more margin against the first failure mode and have
higher isolation reliability.

To avoid the second failure mode: high power on one side of the isolator, current limiting measures such as applying
resistorsin serious with the power supply pins and 10 pins of the isolators, can limit the power of abnormal conditions and
make the isolators operate within the safety limits. Once the second failure mode occurs unfortunately, one side of the
isolator is shorted while the isolation performance of the other side remains. The isolator keeps basic isolation and the

HMI is still isolated from high power motor drive system.

The mechanism of two failure modes of the capacitive isolators is introduced in this paper for users to understand the
causes of isolation failure. The first failure mode: overvoltage across the isolation barriers can be avoided through the
appropriate selection and application of isolators, allowing sufficient margin for isolation specifications. The second
failure mode may occur because of high power outside the safety limits on one side of the isolator. In this case, the

isolator preserves basic isolation and an operator safety hazard can still be avoided.
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IMPORTANT NOTICE

The information given in this document (the “Document”) shall in no event be regarded as any
warranty or authorization of, express or implied, including but not limited to accuracy, complete-
ness, merchantability, fitness for a particular purpose or infringement of any third party’s intellectu-
al property rights.

Users of this Document shall be solely responsible for the use of NOVOSENSE’s products and applica-
tions, and for the safety thereof. Users shall comply with all laws, regulations and requirements
related to NOVOSENSE’s products and applications, although information or support related to any
application may still be provided by NOVOSENSE.

This Document is provided on an “AS IS” basis, and is intended only for skilled developers designing
with NOVOSENSE’ products. NOVOSENSE reserves the rights to make corrections, modifications,
enhancements, improvements or other changes to the products and services provided without
notice. NOVOSENSE authorizes users to use this Document exclusively for the development of
relevant applications or systems designed to integrate NOVOSENSE’s products. No license to any
intellectual property rights of NOVOSENSE is granted by implication or otherwise. Using this Docu-
ment for any other purpose, or any unauthorized reproduction or display of this Document is strictly
prohibited. In no event shall NOVOSENSE be liable for any claims, damages, costs, losses or liabilities

arising out of or in connection with this Document or the use of this Document.

For further information on applications, products and technologies, please contact NOVOSENSE

(www.novosns.com ).

Suzhou NOVOSENSE Microelectronics Co., Ltd
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