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Agenda

►Isolation Basics

►Technology Overview – Inductive Capacitive and Optical

►Comparisons – What really makes a difference

►What is new in Safety Standards

►What’s Next
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Isolation technology Basics

► Its all about the insulation- isolation Performance

 Transient Withstand

 Surface Degradation

 Insulation Degradation

► These are primarily human safety devices, other considerations, even 

functionality of the data transfer is secondary to the integrity of the 

insulation
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We are in the enhanced plastic 

and glass business!



Materials And How They 

Behave Under Stress
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Transient Withstand – Dielectric Strength

► Air is the most utilized insulation material, but it is weak to transients

► Injection Molded polymers are better and have been used for years

► Thin Film layers insulation has up to 20x better withstand capability
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Substance Dielectric Strength (V/mm)

Air (nitrogen) 3

Alumina 13.4

SiO2 470-670

Silicone oil, Mineral oil 10-15

FR4 (Epoxy PCB) 20

Polyethylene 18.9 - 21.7

Epoxy Mold 15.7

Polyimide Film 389-600

Waxed Paper 40 - 60

PTFE (Teflon) 60 - 173

Mica 118



Dielectric Breakdown – Internal Clearance

► Dielectric Strength

 the maximum electric field an insulator can 

withstand without breaking down

 In solids it leads to chemical or mechanical 

changes to the material

 Usually permanently degrades the insulation 

properties

 Driven by transient high Voltage

► Internal Clearance (Distance through 

insulation)

 Set based type and thickness of insulation

 May have different values along material 

boundaries
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Surface effects - Tracking – External Creepage

► Tracking Lifetime

 carbon filaments along a surface leading to 
leakage 

 Only Polymer Based Insulation tracks

 Different polymers track differently

 Tracking is driven by the average voltage 
over time

► Creepage

 Distance along a surface withstanding a 
potential

 Required distance to achieve insulation 
lifetime, Material Dependent

 Reinforced insulation requires 2x the basic 
requirement

 Better materials allow smaller packages, or 
larger voltages 
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Comparative Tracking Index



Insulation Wear Out in Bulk Insulation – Internal Clearance

► Partial Discharge

 Voids and defects in bulk insulation create pockets of 

high field strength

 Above a threshold voltage, arcing can occur that 

expands the defect and eventually fails the insulation

► Dealing with partial discharge

 Make the field strength low by limiting the working 

voltage

 Make the insulation void free

 Require a minimum thickness of insulation

 Test for partial discharge, if partial discharge is not 

detected degradation is assumed not to occur
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High Field Insulation Wear Out

► All insulation will break down over time 

under high voltage stress

► Film insulation consists materials with 

high breakdown threshold, high 

uniformity and multiple layers.  It is 

essentially void free so partial 

discharge is not possible.

► High stress films wear out due to 

space charge and dielectric energy 

dissipation

► No simple test to determine suitability 

of the insulation for the expected 

lifetime.
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Accelerated Life Testing 

► How do we determine the operation lifetime of thin 
film isolators

► Multiple data points are taken at accelerating 
voltages. 

► Weibull plot determines failure probability Vs 
elapsed time

► Time to failure points are fit to a physics based 
model and extrapolated the required lifetime

► Statistically robust lifetime data
 3 lots per process (min 32 units per lot)

 At least 3 voltage points (ADI min. 4)
 One with >116days MTTF

 One with <1.16 days MTTF

 Room and Max Temperature

 Preconditioning including Solder Reflow

► Weibull plots extrapolated to 1000 ppm and 1 ppm 
for basic & reinforced lifetime curves



Optocouplers

► Optocouplers Use Bulk Insulation 
 Silica Gels

 Kapton Tapes

 Double Epoxy Mold

 Testing for partial discharge to ensure lifetime

► Optocoupler Properties
 Conservative approach has a record of safety

 Complex structure which can be made thick, 
but can also rupture under thermal stress

 Data does not create common mode leakage 
giving good EMI performance

 LEDs degrade with operation accelerated by 
temperature

 LED and receiver and packaging are all in the 
data path and vary significantly from part to part

 Coupling across the barrier has a significant 
thermal coefficient  that changes over time 

 Low Coupling Efficiency limits the maximum 
data throughput to about 50Mbps
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SiO2 Capacitive Isolators

► Capacitive isolators

 SiO2 is used so that capacitor structures can be made as small as possible

 Mold Compounds supply a parallel Isolation system in digital Isolators

 Less structurally complex than an optocoupler, more thermally rugged

 Insulation is SiO2 which is part of the chip process, anything that damages the 

silicon can invalidate the insulation.

 Capacitors are used in differential pairs to provide noise immunity

 Differential receivers consume power
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Inductive Isolators

► Inductive isolators

 Inductors are less sensitive to distance between coils, so both SiO2 and Polyimide 
can be used.

 Mold Compounds supply a parallel Isolation system in digital Isolators

 Less structurally complex than an optocoupler, more thermally rugged

 When Polyimide is used, the inductive structures are a post process not part of the 
silicon manufacturing process.  Coils can be added to any chip process.

 Damage to the silicon will not invalidate the isolation barrier

 Inductors are inherently differential and can be used in single ended or differential 
modes

 Single ended receivers can operate at very low power
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Data Transfer 

Performance

Maximum Data Rate

Propagation Delay

Skew

Stability over time and temperature

Power

EMI

EMC
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Digital Isolators 
Using Edge Pulse Encoding

 Very low power at low data rates

 High common mode immunity

 Low propagation delay

 High data rates

 Single ended Schmitt Trigger receivers allow low quiescent current

 Separate DC refresh scheme required, increasing prop delay
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Digital Isolators 
using On-Off Key Encoding

► Properties of differential on-off keying

 Lowest prop delay and higher data rates

 Best noise immunity and robustness

 Lowest power consumption at high frequency

 Higher power consumption at low frequencies

 No refresh required
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Optocouplers

Signal current 

drives diode

Infrared light 

through barrier
Diode creates 

infrared light

PIN diode 

converts photons 

to current

Output amplified 

to logic levels

► Properties of Optical on-off keying

 Flat power consumption with frequency

 Low EMI

 Poor CMTI due to high gain in receiver

 Good Lifetime and working voltage

 Poor consistency, part to part and over time and temperature

 High Power



What Are The Interdependencies

► The insulation material strongly affects lifetime and breakdown, but not 
much else.

► The field, Magnetic or Electrostatic, affects EMI due to parasitic common 
mode coupling to transceivers or external PCB structures.  

► Encoding and decoding the data and whether the coupling elements are 
operated in differential mode determines all other aspects of noise 
immunity and data transfer performance.  

► Optocouplers have little or no common mode coupling from data 
transmission to cause emissions.

Lifetime

Transient 

Isolation EMI EMC CMTI Power Speed

Prop 

Delay

Insulation X X

Coupling Field X X

Encoding X X X X X X

Coupling Mode X X X X
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Electrical Performance Comparison

Insulator Field Mode Encoding Speed (Mbps) Prop Delay (ns) Skew (ns) Power CMTI(kV/uS) Notes

Polyimide Inductive Differential OOK 150 10 6 M 75

Polyimide Inductive Differential Edge 600 4.5 0.6 H 25

Polyimide Inductive Singe End Edge 90 32 15 L 25

Polyimide Inductive Singe End Edge 2 180 10 UL 25

Polyimide Capacitive Differential Edge Capacitor Real-estate

Polyimide Capacitive Singe End Edge Capacitor Real-estate

Polyimide Capacitive Differential OOK Capacitor Real-estate

Polyimide Capacitive Singe End OOK Capacitor Real-estate

SiO2 Inductive Differential Edge 90 32 15 M 25

SiO2 Inductive Single end Edge 90 32 15 L 25

SiO2 Inductive Differential OOK 150 10 6 M 25

SiO2 Inductive Single end OOK 150 10 5.5 M 25

SiO2 Capacitive Differential Edge 100 32 15 M 25

SiO2 Capacitive Single end Edge Noise Immunity

SiO2 Capacitive Differential OOK 150 10 3 M 25

SiO2 Capacitive Single end OOK Noise Immunity

Composite Optical Single End OOK 50 20 16 H 10 CMOS

Composite Optical Single End OOK 10 100 40 H 15 Input Diode

Composite OPtical Single End OOK 0.05 20000 2500 M 0.5 Single Transitor
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Power vs. Throughput Trade-Offs
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Safety Standards
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Types of Standards

► Most Common Systems level Standards

 Determine components specs based on system requirements

 IEC60664-1 ( Insulation Coordination) 

 IEC 60950-1 (Information Systems)

 IEC 60065 (Audio and Video)

 IEC 60601-1 (Medical Equipment)

 IEC 61010-1 (Instrumentation)

 IEC61800-5 (Motor Drives and Inverters)

► Piece Part level standards

 Certify that components meet the manufacturers safety specifications, not certify 

to application requirements

 UL 1577 (Used for All Isolators)

 IEC60747-5 (Optocoupler Isolators)

 VDE 0884-10 (Non-optocoupler Isolators) – Reinforced only
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IEC62368-1 ed2



Standards Evolution for Digital Isolators
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► Standardise Isolator capability:
– Insulation Safety (Basic/Reinforced)

– Working Voltage (VIORM)

– Surge (VIOSM)

– Withstand/Transient (VIOTM)
• UL1577 is Withstand only

► Isolators today are certified to VDE 
0884-10
– Reinforced insulation

– Includes a simple lifetime test

– Includes all of the electrical 
requirements from the Optocoupler 
standard

► New digital isolators will target VDE 
0884-11
– Includes accelerated life testing for 

thin film insulation

► IEC60747-17
– Add dynamic CMTI testing



How is transient isolation rated

► Standards lump transients into three groups

 Line cross assumes the transient comes from a power line being dropped 

across a lower voltage power or communication line generating a sine wave

 Lightning Strike, inductive spikes and relay chatter generates random high 

voltage high power pulses

 ESD generates high voltage low power across insulation
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VISO
Production test, 

50/60Hz sine wave

VIOTM
Impulse Withstand

Tests Package

VIOSM
Surge Withstand

Tests Insulation



Surge Testing in Non Opto standards

► Impulse rating is used for rating transient 
isolation 

► Surge testing is a key requirement for 
obtaining Reinforced insulation for 
Optocouplers
 IEC60747-5-5  requires 10kV

 VDE-0884-x/IEC60747-17 requires the 
greater of 1.6x the rating or 10kV

► The standards have added basic 
insulation support
 IEC60747-5-2 requires surge at rating

 VDE-0884-x/IEC60747-17 1.3x the rating

► Until recently reinforced insulation was not 
achievable with SiO2 insulation
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Surge Voltage Measurement

VIOSM

90%

50%

10%

1-2uS 50uS

5 Pulses / Min



IEC61000-4-4 EFT

► Coupling a number of extremely fast transients onto the signal lines

► Capacitively coupled onto communication ports

► Represents common industrial transients:
 Relay and switch contact bounce.

 Switching of inductive or capacitive loads.

► IEC61000-4-4 describes
 Test methods

 Typical discharge current

 Test equipment

 Test procedure

 Range of test methods

Level Test Voltage (kV) Repetition Rates (kHz)

1 0.25 5 or 100

2 0.5 5 or 100

3 1 5 or 100

4 2 5 or 100



IEC61000-4-2 ESD
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► ESD is the sudden transfer of electrostatic charge between bodies at 
different potentials caused by near contact or induced by an electric field.

► IEC61000-4-2 describes
 Test methods
 Typical discharge current
 Test equipment
 Test procedure
 Range of test methods

www.analog.com/rs485emc

Air Discharge

Contact Discharge

30 A

90%

10%

30ns 60ns

I60ns 8 A

I30ns 16 A

t

I peak

tr = 0.7 to 1ns

IEC61000-4-2 ESD Waveform (8 kV)

 Short Pulse Widths

 60 ns

 Fast Rise Times

 1ns



ESD Special Test Considerations

► The reference point of an ESD gun has a large impact on the characteristics 

of an ESD test.  It can make an ESD test look more like an impulse test.

► High cross barrier ESD can damage thin film insulation
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 If an ESD gun is referenced 

to the isolated front end, it is 

a standard ESD Test if buffer 

protection structures

 If an ESD gun is referenced 

to the system then charge 

has no place to go.  

Discharge is by leakage.  

Stress is across the isolation 

barrier



EN55022 Radiated Emissions

► What do users need?

 Pass system level tests for radiated 
emissions

 Meet regulatory limits

 FCC Class A or B

 CISPR/EN 55022 Class A or B

► Radiated Emissions is not a 
component level requirement.  It is a 
system level requirement

► Isolators sit on gaps in ground planes 
where common mode leakage can 
drive PCBs like large radiating 
antennas 

► Components can only be 
characterized as part of a simple 
system which can be used as a guide 
for proper system design.
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Trends in Digital Isolation

► Higher Working voltages to support gate drive and communications for 
solar inverter applications

► Mold compounds with higher CTI for smaller packages and larger working 
voltages

► Wide creepage packaging (14mm) for high working voltage application

► More highly integrated communications interfaces for industrial busses 
like Ethernet, USB and CAN

► General Purpose Precision analog isolators for voltage monitors

► Higher speed isolation for serial communications

► Intrinsic Safety – Explosive Atmospheres

► Functional Safety – Automotive and industrial

► In the end it’s all about the insulation
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