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ABSTRACT

{Isolated components are widely used in High Voltage (HV) applications to protect users from dangerous
voltages. However, it's usually confusing to know key considerations, such as isolation voltage, working voltage,
clearance, creepage and certificate etc., and to select the most suitable isolated devices. This application note
series can help engineers understand safety requirements and isolation needs for HV application, how to design
the whole system isolation to satisfy the corresponding safety standards, and finally choose the right isolated
devices. The series includes 3 parts, part Il focuses on topics of key considerations to select the most suitable
ISO devices and deep understanding on how clearance and creepage distance are required for ISO devices.
More content can refer to part |: Distinguish Different Safety Standards and Understand Basic Principles of
Safety Requirements and part lll Safety Regulation Design Examples of Solar and ESS System.}
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1 Introduction

Understanding key specs of isolated devices and application safety regulation requirements are very important
to disabuse engineers of choosing the most suitable isolated devices. This application note interprets key specs
of ISO devices, key system level information to select ISO devices and demystifies clearance and creepage
distance based on IEC 62477-1:2022.

Isolation and Insulation are often used interchangeably, isolation refers to the separation between two systems
or voltage levels, while insulation refers to the actual medium being used to do the separation. While in this
application note series, we regard it as having the same meaning.

2 Key Considerations to Select ISO Devices

1. Begin with Some Examples and Confusing Questions

Figure 2-1 shows some Tl examples of creepage and clearance values for reinforced, basic, and functional
isolation, and different packages.

Figure 2-1. Some Tl Example of Creepage, Clearance and Packaging

Engineers often get confused and there are some typical questions such as,

»  What factors determine whether a device adopts functional insulation, basic insulation or reinforced
insulation?

*  Why do devices with the same insulation grade come in different packages to realize different clearance
and creepage distance specifications?

* How to select suitable isolators for customers' safety protection applications? Should we refer to isolation
voltage, working voltage, certification or relevant standards? What are the most critical considerations?

1. Key Insulation Specifications

Figure 2-2 shows an example of key insulation specifications of ISO device and Table 2-1 lists the

interpretation.
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Figure 2-2. Key Insulation Specifications Example of ISO Device
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Table 2-1. Key Insulation Specifications Interpretation of ISO Device

Parameter Definition

Interpretation

Customer Key Concerns

Coordination/support safety standard

CLR Clearance The shortest distance between two Whether the CLR of the device meets the
conductive materials (pins) measured through | safety requirements of the customer's system
air

CPG Creepage The shortest distance between two Whether the CPG of the device meets the
conductive materials (pins) measured along |safety requirements of the customer's system
the insulating surface

CTI Comparative Tracking |A parameter describing the difficulty of charge | The higher the CTI rating (higher voltage), the

Index migration on the insulator surface, only lower the creepage distance requirement
related to the material itself. A higher value
indicates the material surface is less prone to
leakage.
ovC Overvoltage Category | The operating environment of mains-powered | Whether the OVC of the device meets the

electrical equipment is divided into four
overvoltage categories according to surge
protection levels

safety requirements of the customer's system

Component safety standard

Isolation Voltage (Vpk)

Viorm Maximum Repetitive | The maximum repetitive voltage (peak) that Parameters that isolated devices must meet
Peak Isolation Voltage |an isolated device must withstand during its  |under normal operation
(Vpk) lifetime
Viowm Maximum Isolation The maximum continuous working voltage
Working Voltage (rms or DC) that an isolated device must
(Vrms or Vpge) withstand during its lifetime
Viotm Maximum Transient | The maximum transient voltage (usually Generally related to the actual required
Isolation Voltage (Vpk) | non-repetitive) that an isolated device must transient isolation voltage, operating bus
withstand during its lifetime voltage and corresponding OVC requirements
Viosm Maximum Surge The maximum peak voltage that an isolated | Characterizes the lightning surge voltage

device can withstand based on 1.2us/50us
standard surge waveform

immunity

2. Differentiate between Clearance and Creepage

Figure 2-3 shows the differences between clearance and creepage. About clearance, it's easy to understand
that the shortest distance between two conductive materials (pins) is measured through air. However, for
creepage, note that the shortest distance between two conductive materials (pins) is measured along the
insulating surface. The insulating surface can be the chip top surface, side face or lower surface.

Clearance (CLR)

Chip side face

Chip lower surface
FCB surface

Chip top surface [
‘!'

.

Creepage ( CPG

Device

The shortest distance between two conductive materials
{pins) measured through air

The shortest distance between two canductive materials
(pins) measured alang the insulating surface

Figure 2-3. Clearance and Creepage Differences
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3.

Differentiate Component and System Level Insulation Requirements

Get back to those confusing questions in section 2.1, Does it mean that a reinforced isolated device can
also make customer products reinforced? The answer is not always. Engineers must always differentiate
component and system level insulation requirements.

What factors determine whether a device adopts functional insulation, basic insulation or reinforced

insulation?

— Insulation grade is related to the insulation material, insulation layers and other properties of the chip.
Different designs classify devices into functional, basic or reinforced insulation types, which further
define the maximum isolation voltage the device can withstand.

— There is a specific voltage limit for devices to comply with basic or reinforced insulation standards,
indicating the voltage range within which the device meets corresponding insulation requirements.
Why do devices with the same insulation grade come in different packages to realize different clearance

and creepage distance specifications?

— As mentioned above, insulation grade is determined by chip insulation materials and layers and is
irrelevant to the actual achievable electrical clearance and creepage distance.

How to select preferred isolators for customers' safety protection applications? Should we refer to

isolation voltage, working voltage, certification or relevant standards? What are the most critical

considerations?

— Most importantly, do not confuse system-level safety specifications with the inherent insulation grade
definition of isolated devices (components). A device with reinforced insulation does not mean the end
application system can directly meet reinforced insulation requirements.

— Customers focus on whether key parameters of isolators such as clearance and creepage distance
can satisfy the safety requirements of their application systems. The compliance depends on
operating voltage, overvoltage category, comparative tracking index, pollution degree, altitude and
other practical factors.

— ltis quite common, especially in high-voltage applications, that customers adopt reinforced insulation
devices to realize basic insulation or even functional insulation at the system level.

Figure 2-4 shows a 1500V solar or ESS example for ISO-CAN design. Both ISO1050 and 1ISO1042 are
reinforced ISO-CAN transceivers. However, the maximum isolation working voltage of ISO1050 is 1200V
which can't satisfy isolation requirements in 1500V system.

Figure 2-4. 1500V Solar or ESS Example for ISO-CAN
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4. Mandatory Asked Questions to Select Suitable ISO Devices

Table 2-2 lists mandatory asked questions to select the ISO devices. They will be discussed in detail in section 3

to determine clearance and creepage distance.

Table 2-2. Mandatory Asked Questions to Select the Preferred ISO Devices

Question

Comments

. What is the system voltage (AC or DC)?

. What is the OVC?

. Is it allowed to reduce the impulse withstand voltage by some methods (such as SPD)?

. What is the pollution degree?

. What is the maximum working altitude that the EE can support?

Used to determine CLR.

. What is the working voltage (AC or DC)?

. What is the pollution degree and is potting acceptable to decrease it?

O|IN|O|O || W|IN| =

. What is the CTI?

Used to determine CPG.
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3 Insulation Influencing Factors
This section discusses insulation influencing factors based on IEC 62477-1:2022.

IEC 62477-1:2022 applies to power electronic converter systems (PECS), any specified accessories, and their
components for electronic power conversion and electronic power switching, including the means for their
control, protection, monitoring and measurement, such as with the main purpose of converting electric power,
with rated system voltages not exceeding 1000VAC or 1500VDC.

In the field of new energy, IEC 62477 is suitable for power generation applications such as solar, wind, tidal,
etc. in power electronic converter systems. Specific standards for products such as photovoltaic, energy storage
systems, and charging piles refer to this standard to a large extent.

Note that in 2022, IEC 62477-1: 2022 was published to replace the former version IEC 62477-1: 2012 (and its
revised version IEC 62477-1: 2016). The most important update related to insulation and our ISO product is
impulse withstand voltage and temporary overvoltage versus system voltage. For 1500VDC system voltage, the
impulse withstand voltage in IEC 62477-1: 2022 is one step higher than that in IEC 62477-1:2012. The impulse
withstand voltage of IEC 62477-1: 2022 and IEC 60664-1:2020 are aligned.

Referring to IEC 62477-1: 2022, there are a lot of influencing influencing factors and complex guidelines for
determination of clearance and creepage distances are also provided. We are not to discuss all factors, only
focus on these most related to common high-voltage applications, including,

» System voltage and working voltage

» Overvoltage category (OVC)

* Impulse withstand voltage and temporary overvoltage
* Insulating material groups

» Pollution degree

* Altitude

1. System voltage and working voltage

System voltage is the rated voltage of the whole system used to determine insulation level and clearance,
fixed and unchanged regardless of operating conditions. For example, an ESS with 690VAC and 1500VDC
system voltage.

Working voltage is the maximum actual voltage (DC mean, AC RMS and repeat peak voltage) occurring
between two points of local circuits under normal and worst-case operating conditions and used to determine
creepage distances, varying with working status. For example, the voltage across the DC link capacitor,
voltage across the IGBT.

Typical system voltage and working voltage are the same, however, there are also exceptions. For example,
solar inverter's system voltage is 1500V (MPPT max input voltage), but the working voltage can be up to
1600V (after the boost circuit and voltage across the DC link capacitor), as shown in Figure 3-1.

MPPT max input: 1500V BUS: 1600V AC: 1000VRMS
4 g—_o—,_/ | DC Bus Inverter
DC1 — Boost 1 —
- T . Tl T
5 DC 5 J'_I L1 A Relay | .15
i EMI i - ::l | | Filter AC 13
+ o e EMI
DCn —1 Boostn — /j7
- e
Figure 3-1. Solar inverter Example about System Voltage and Working Voltage
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2.

Overvoltage Category (OVC)

The operating environment for mains-powered electrical equipment is separated into four overvoltage
category (OVC) areas according to their level of surge protection. Figure 3-2 shows the diagrammatic
representation of the OVC IV to OVC | environments.

Indoor wiring

Distribution ] ]
board é é é

CAT.
i CAT. Il

Power CAT. | /’B”

receptable ~

Service
entrance

Power
receptable

Service wire

Figure 3-2. Diagrammatic Representation of the OVC IV to OVC | Environments

In residential, commercial and factory environments where devices draw power from wall outlets, the mains
supply is generally relatively stable, free from excessive voltage transients that could damage terminal
equipment. However, moving upstream along power distribution wiring towards distribution boards and
building main AC inlets, the risk of overvoltage surges rises significantly. Such hazards mainly stem from
external disturbances including lightning strikes and sudden load shedding on the public power grid.

Certain applications, such as solar inverter and ESS, are hardwired directly to central distribution boards.
Exposed to transients of higher amplitude and greater energy intensity, these converters require enhanced
overvoltage protection compared with conventional plug-in power adapters.

Table 3-1 lists OVCs according to /IEC 60664-1:2020. Usually in most customer applications, AC requires
OVC lll and DC requires OVC Il.

Note that in some cases, the isolation design is difficult to satisfy the required impulse withstand voltage
under the corresponding OVC level and customers will reduce the impulse withstand voltage by some
methods, such as OVC reduction by Surge Protection Device (SPD) which will be discussed in section 4.4.
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Table 3-1. OVCs According to IEC 60664-1:2020
Overvoltage Category Relevant Equipment

ovClI Equipment for connection to circuits in which measures are taken to limit transient overvoltage to an
appropriately low level.

ovcll Energy-consuming equipment to be supplied from the fixed installation. Examples of such equipment
are appliances, portable tools and other similar household loads.

ovcC il Equipment in fixed installations and for cases where reliability and the availability of the equipment
is subject to special requirements. Examples of such equipment are switches in the fixed installation
and equipment for industrial use with permanent connection to the fixed installation.

ovC IV Equipment connected at the origin of the installation. Examples of such equipment are electricity
meters and primary overcurrent protection equipment.

3. Determination of Impulse Withstand Voltage and Temporary Overvoltage

Figure 3-3 shows steps of using the system voltage and overvoltage category of the circuit under
consideration to determine the impulse withstand voltage. The system voltage is also used to determine
the temporary overvoltage for mains supplies.

As highlighted in red lines, interpolation of system voltage is not permitted when determining the impulse
withstand voltage for mains supply. Interpolation of system voltage is permitted when determining the
temporary overvoltage for mains supply. For example, actual system voltage of the residential inverter
typically is 1100VDC, it must refer to 1250VDC system voltage in the table to determine the impulse
withstand voltage. Interpolation between 900VDC and 1250DC to get the interpolated impulse withstand
voltage is not permitted.

Figure 3-3. Steps to Determine Impulse Withstand Voltage and Temporary Overvoltage

SDAA268 — JUNE 2026 Understand Safety Requirement and Isolation Needs for High-Voltage
Submit Document Feedback Application Part Il: Key Considerations to Select ISO Devices and Demystify
Clearance and Creepage Distance

Copyright © 2026 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SDAA268
https://www.ti.com/feedbackform/techdocfeedback?litnum=SDAA268&partnum=

13 TEXAS
INSTRUMENTS

Insulation Influencing Factors www.ti.com

Figure 3-4 shows ISO64xx overvoltage category example. Note that not all test conditions are listed in the
datasheet. Designers can only take care about the maximum value, for example, 8000V impulse withstand
voltage at test conditions of rated mains voltage < 600VRMS and < 1000VRMS. Even though the datasheet
does not list test condition of mains voltage < 1500VDC, the maximum isolation working voltage is 1500VDC
and can align with the 8000V impulse withstand voltage at OVC Il. Finally, the impulse withstand voltage
determines insulation level and clearance.

Figure 3-4. ISO64xx Overvoltage Category Example
4. Insulating Material Groups

Insulating materials are classified into four groups corresponding to their comparative tracking index (CTI)
when tested according to IEC 60112:2020, Clause 11:

» Insulating material group I: CTI = 600;
* Insulating material group II: 600 > CTI = 400;
* Insulating material group llla: 400 > CTI = 175;
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* Insulating material group Ilib: 175 > CTl = 100.

CTl is an index used to measure the electric tracking breakdown performance of insulating materials.
Electric tracking occurs on the surface of insulating materials. Due to dielectric loss, the dielectric generates
heat and temperature rises, which causes the dielectric to decompose and carbonize. Eventually, the
carbonized track extends to electrodes and leads to short circuits.

The CTI value of materials is positively correlated with their insulation performance. A higher CTI value
allows a smaller required creepage distance, enabling a shorter spacing between two conductors.

Usually in most HV applications, it requires CTI-I for isolated devices or components. However, FR4 PCB
(CTI llla) are most used. So, the creepage requirements for isolated devices and PCB may be different.
5. Pollution Degree

The operating environment for mains-powered electrical equipment is separated into four overvoltage
category (OVC) areas according to their level of surge protection. Figure 3-2 shows the diagrammatic
representation of the OVC IV to OVC | environments.

Insulation is affected by pollution which occurs during the expected life cycle of the power electronic
converter systems. The micro-environmental conditions for insulation shall be applied according to Figure
3-5.

The pollution degree shall be determined according to the environmental condition for which the product is
specified.

Usually in most customer applications, it requires pollution degree 2. The lower the pollution degree (for
example, the cleaner the environment with fewer impurities that may degrade insulation performance), the
lower the insulation requirements will be.

Figure 3-5. Definitions of Pollution Degrees
6. Altitude

Clearances are related to Altitude. Clearances for functional insulation, basic insulation or supplementary
insulation and reinforced insulation for use at altitudes between 2 000 m and 20 000 m shall be calculated
using a correction factor according to IEC 60664-1:2020, as shown in Figure 3-5.

Previously, solar inverters and ESS power stations commonly support maximum 4000m altitude. However,

now increasingly solar inverter and ESS power stations will be deployed in 5000m altitude plateau areas. The
previous products can't support full power running at 5000m altitude due to isolation design limit. If wants to
support full power running at 5000m altitude, the clearance requirement will be higher (correction factor change
from 1.29 to 1.48).

SDAA268 — JUNE 2026 Understand Safety Requirement and Isolation Needs for High-Voltage 1
Submit Document Feedback Application Part Il: Key Considerations to Select ISO Devices and Demystify
Clearance and Creepage Distance
Copyright © 2026 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SDAA268
https://www.ti.com/feedbackform/techdocfeedback?litnum=SDAA268&partnum=

Insulation Influencing Factors

13 TEXAS
INSTRUMENTS

www.ti.com

Table E.1 — Correction factor for clearances at altitudes between 2 000 m and 20 000 m

Altitude Normal barometric Multiplication factor for :
pressure clearances
m kPa
2 000 80,0 1,00
3 000 70,0 1,14
4 000 62,0 1,29
5 000 54,0 1,48
6 000 47.0 1,70
7 000 41,0 1.95
8 000 355 2,26 _
9 000 30,5 2,62
10 000 26,5 3,02 :
15 000 12,0 6,67
20 000 5.5 14,50
Source: |[EC 60664-1:2020, Table A.2. I
Linear interpolation is permitted. See IEC 60664-1:2020, 5.2.3.4.

Figure 3-6. Altitude Correction for Clearances
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4 Determine Clearances and Creepage Distance

This section demystifies clearances and creepage distance based on IEC 62477-1:2022.

1. Clearances

Clearances shall be determined for functional insulation, basic insulation or supplementary insulation directly

from Figure 4-

The impulse withstand voltage for reinforced insulation is one step higher for that of basic insulation.
For example, if the impulse withstand voltage is 6000V for basic insulation, then it should be 8000V for

reinforced insulation.

Note that it shows the minimum clearances in air up to 2000m above sea level. For altitude above 2000m
applications, it needs to consider the altitude correction factor discussed in section 3.6.

Table 8 — Clearances for functional insulation, basic insulation or supplementary

insulation for inhomogeneous fields

Column 1 2 3 4 [ 5 { 6 ‘ T
Impulse withstand Temporary Working voltage ' Minimum clearances in air up to
voltage ¢ overvoltage 9 2 000 m above sea level
(recurring peak) ?
(from Table 7) (peak)
(from Table 7)
v A v mm
Pollution degree
1 2 3 4
330 330 260 0,01
| 500 500 400 0,04 0,2b.¢ _—
800 710 560 0,10 16°¢
1 500 1270 1010 0,5 0.5
2 500 2220 2000 135 1;8 1.5
4 000 3430° 3090° 3.0 3,0 3,0 3,0
. & 000 4890 ° 4410¢ 55 5.5 5,5 5,5
. § 000 60680 ¢® 5 460 © 8.0 8.0 8.0 8.0
| 12 000 9500 ® 8 550 © 14 14 14 14
15 000 11 780 ¢ 10 600 ® 18 18 18 18

2. Creepage Distances

Figure 4-1. Clearances Determination Table

Creepage distances for functional insulation, basic insulation and supplementary insulation shall be
dimensioned according to Figure 4-2.

Creepage distances for reinforced insulation shall be twice the distances required for basic insulation. For

example, if the creepage distance is 8mm for basic insulation, then it should be 16mm for reinforced

insulation.

Note that in all cases, the associated creepage distance is not permitted to be smaller than the required
clearance (i.e. CPG always = CLR).
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Note that interpolation for working voltage is allowed. For example, 1500V is not listed here, but we can use
interpolation between 1250V and 1600V to determine the creepage distance (interpolation between 6.3mm
and 8mm, pollution degree 2, CTI I).

Figure 4-2. Creepage Distances Determination Table
3. Simplified Flowchart to Determine CLR and CPG

Referring to IEC 62477-1: 2022, guidelines for determination of clearance and creepage distances are
very complex because it needs to consider all scenarios. For most high-voltage applications, such as solar
inverter and ESS, we can simplify them, as shown in Figure 4-3 and Figure 4-4.

one step higher of impulse withstand

P voltage for reinforced insulation.
System voltage - :
Impulse withstand
voltage :
Overvoltage CLR @altitude | CLR for reinforced

category < =2000m i insulation @target altitude

Pollution degree
Altitude -t CLR for basic insulation

correction @target altitude

Figure 4-3. Simplified Flowchart to Determine CLR
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Working _
P -

ollution BN CPG for reinforced CPG
s g 8 &S <
Insulating
material groups

Figure 4-4. Simplified Flowchart to Determine CPG
4. CLR and CPG Determination Example

Figure 4-5 shows step-by-step clearance determination example for 1500VDC solar inverter or ESS.

Figure 4-6 shows step-by-step creepage distances determination example. In step 4, the interpolation is
calculated as, (8 - 6.3) / (1600 - 1250) x (1500 - 1250) + 6.3 = 7.514mm.

Table 4-1 summarizes the results in conditions of 1500VDC, OVC II, CTI-I, pollution degree 2.
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Figure 4-5. CLR Determination Steps
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Figure 4-6. CPG Determination Steps
SDAA268 — JUNE 2026 Understand Safety Requirement and Isolation Needs for High-Voltage 17
Submit Document Feedback Application Part Il: Key Considerations to Select ISO Devices and Demystify

Clearance and Creepage Distance
Copyright © 2026 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SDAA268
https://www.ti.com/feedbackform/techdocfeedback?litnum=SDAA268&partnum=

13 TEXAS

INSTRUMENTS
Determine Clearances and Creepage Distance www.ti.com
Table 4-1. Clearances and Creepage Distance Summary 1
1500VDC, OVC I, CTI-l, Pollution Degree 2
Clearances Creepage
Altitude Basic Reinforced Basic Reinforced
4000m 10.32mm (8 1.29) 18.06mm (14*1.29) 7.514mm 15.028mm (7.514*2)
10.32mm 18.06mm
5000m 11.84mm (8*1.48) 20.72 mm (14*1.48) 7.514mm 15.028mm (7.514*2)
11.84mm 20.72mm

In some cases, the isolation design may be difficult to satisfy the required impulse withstand voltage under the
corresponding OVC level. A practical way is to reduce the impulse withstand voltage a step lower, such as from
8000V to 6000V (OVC Il to OVC I) by adding SPD to lower the isolation design difficulties. More examples can
refer to Annex | (informative) Examples of overvoltage category reduction in IEC 62477-1:2022.

Table 4-2 summarizes the results of reducing OVC Il to OVC I. Now we can see that 8.14mm clearance and
creepage distance is required for Basic insulation at 5000m altitude. Now this is supported in Tl latest digital
isolator ISO64xx, as shown in Figure 4-7.

Table 4-2. Clearances and Creepage Distance Summary 2

1500VDC, OVC I, CTI-l, pollution degree 2

Clearances Creepage
Altitude Basic Reinforced Basic Reinforced
4000m 7.095mm (5.5%1.29) 10.32mm (8*1.29) 7.514mm 15.028mm (7.514*2)
5000m 8.14mm (5.5%1.48) 11.84mm (8*1.48) 7.514mm 15.028mm (7.514*2)
8.14mm

Figure 4-7. 1ISO64xx Clearance and Creepage Distance
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5 Methods to Change Creepage Distances Requirements

The definition of creepage distance is the shortest distance between two conductive materials (pins) measured
along the insulating surface. It means that the creepage distance can be changed if it's not enough in some
situations.

Figure 5-1 shows the PCB cutout method to increase the creepage distance. For example, if using CTI Illa or
CTI llib PCB to replace CTI | or CTI Il PCB for saving cost, the PCB creepage distance may be not enough and
PCB cutout is needed to increase the creepage distance.

Note that PCB cutout can only increase PCB creepage distance but can't increase the isolated devices or
components creepage distance.

GUCEEPME s PCB cutout example
New creepage -----------

PCB Edge View PCB Top View

Figure 5-1. PCB Cutout Method to Increase Creepage Distance

Figure 5-2 illustrates the PCB conformal coating solution for lowering the pollution degree of PCB, which enables
reduced creepage distance requirements.

This does not eliminate air gaps between conductive materials (pins), meaning the insulation form remains
air-based. Under such protection, the clearance and creepage distance criteria for Pollution Degree 1 specified
in Figure 4-1 and Figure 4-2 are applicable. Notably, only the pollution degree can be downgraded, while
clearance values cannot be reduced. Furthermore, only Type 1 coating that meets the conditions for pollution
degree downgrade can reduce the required creepage distance in accordance with pollution degree 1. Poor
coating quality such as pinholes, air bubbles or incomplete coverage results in invalid safety compliance, and the
original pollution degree shall still be adopted for calculation.

Figure 5-2. PCB Conformal Coating for Lowering the Pollution Degree
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When air insulation design fails to meet specified clearance and creepage distance limits, the potting method
shown in Figure 5-3 can be adopted to achieve solid insulation.

Potting is Type 2 protection (as defined in IEC 60664-3:2016) which replaces air insulation completely with
solid insulation materials. Accordingly, the conventional clearance and creepage distance requirements stated in
Figure 4-1 and Figure 4-2 are no longer applicable.

In general, potting delivers higher insulation performance than conformal coating, yet it involves additional
design efforts, complicated manufacturing procedures and significantly higher costs. Besides, solid insulation
compliance must be fully validated via official certification tests such as AC/DC withstand voltage test, impulse
withstand voltage test, partial discharge test and thermal cycling test by authoritative bodies such as VDE and
TUV, rather than relying solely on theoretical calculations.

For this reason, designers tend to select isolators and components that inherently meet insulation specifications
instead of adopting potting solutions, unless no alternative design scheme is available.

Potting

Isolator
inside

Figure 5-3. Potting Method to Achieve Solid Insulation
6 Summary

Many engineers struggle with selecting appropriate isolated components and defining required clearance
and creepage distances. This application note provides in-depth insights into key insulation characteristics of

isolated devices, analyzes factors affecting insulation performance, and offers a step-by-step guide to calculating
clearance and creepage distances.
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