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Note

IEC 60664-1 is a standard licensed by TI; the full document cannot be shared outside of TI.
However, we are allowed to share clips from the standard.
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2 What is Creepage?
Creepage is defined as the shortest distance between two conductive leads, across the isolation barrier, measured 
across the surface of insulation.

Clearance, on the other hand, is measured through air from lead to lead, as shown in Figure 1.

For more details on creepage and clearance, see TI Precision Labs' Isolation Series training.

Figure 1: Creepage vs. Clearance

https://training.ti.com/ti-precision-labs-isolation-what-are-creepage-and-clearance
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3 What affects the creepage requirement?
There are three things we need to know to determine our minimum creepage requirement for our isolated gate 
driver:

What is the highest peak Voltage we will see across the isolator? → (VRMS)
How "dirty" is the environment our gate driver will operate in? → (Pollution degree)
How good is our insulating material/mold compound → (Material group)

We will define these parameters in the later sections.

3.1 What is Pollution Degree?
Not all gate drivers are exposed to in the same environmental conditions, so Pollution degree is used to classify 
these conditions which have the potential to reduce the effectiveness of isolation and modify the creepage 
requirement accordingly.

The pollution degree depends, for example, on whether system is sealed and the nature of the particle fallout. For 
example, an environment where there is a lot of conductive dust or non-conductive dust that becomes conductive 
with condensation would fall under Pollution degree 3. It is potentially possible to improve a system's pollution 
using potting/conformal coating.

The definitions are specified in Table 4.6.2 of the IEC60664-1 standards, shown below in Figure 2.

Figure 2: Explanation of Pollution degree from IEC60664-1 Standard

3.2 What is Material group? 
Some materials experience electrical breakdown earlier than others. A gate driver's package molding compound 
can breakdown and creative a semi-conductive path along the outside surface of the package.
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IEC60664-1 sets the Material group of the device package based on the "Comparative Tracking Index" of the 
insulating material, which in the case of gate driver IC is the molding compound. The comparative tracking index, in 
brief, measures how well the material resists electrical breakdown/tracking. Material group is defined in Section 
4.8.1.3 of IEC60664-1

Figure 3: Material Group Classifications

Material group is specified in the isolated gate driver's datasheet in Insulation Specifications, as shown in the 
excerpt from UCC21732-Q1's datasheet in Figure 4. TI's isolated gate drivers are all Material Group I, the highest 
classification.

Figure 4: UCC21732 Material Group

https://nts.com/services/testing/materials/comparative-tracking-index/
https://sps16.itg.ti.com/sites/safetycert/TI%20Licensed%20External%20Standards/IEC%2060664/IEC%2060664-1%20Ed%202_0%20b_2007.pdf#page=24
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4 How do we determine minimum creepage?
Once we know Material group, peak voltage, and pollution degree, we can use IEC60664-1 Standard Table F4to see 
the minimum creepage requirement. This table copied below in Figure 5.

To find the minimum requirement, we first need to know the material group and pollution degree for our driver/
system. In UCC217xx, the Material Group is I, and a pollution degree of 2 is assumed, as shown in the Figure 4, which 
is copied from UCC21732's insulation specifications.

Note that the first two columns in Figure 5, labeled "Printed Wiring Material," are not used for determining the gate 
driver's creepage requirement; these first two columns cover PCB traces and copper.

https://sps16.itg.ti.com/sites/safetycert/TI%20Licensed%20External%20Standards/IEC%2060664/IEC%2060664-1%20Ed%202_0%20b_2007.pdf#page=70
https://www.ti.com/lit/ds/symlink/ucc21732-q1.pdf#page=7
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Figure 5: Creepage Table taken from IEC60664
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5 Example: determining creepage requirement for UCC21732-
Q1

In our case, if we consider Pollution Degree 2, we look at the highlighted column in Figure 5 and match to the peak 
transient RMS Voltage that the driver could experience. We can go between RMS and Peak voltage using the 
following relationship: .

As an example, we choose an RMS voltage of 1000V.

For basic Isolation: using the table, we find the creepage requirement is 5.0mm.

For reinforced Isolation: The requirement is 2x of the requirement listed in the table, so 10.0mm in this case.

UCC21732-Q1 for example, whose SOIC DW-16 package has 8mm creepage, will meet the requirement for basic 
isolation but not for reinforced isolation.
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6 Additional Resources
IEC60664-1 2007 Standard
(TI) High-Voltage Reinforced Isolation: Definitions and Test Methodologies
(TI) Isolated Gate Driver 101: From Insulation Spec to End Equipment Requirements
(TI) TI Precision Labs Isolation Series: What are creepage and clearance?

https://sps16.itg.ti.com/sites/safetycert/TI%20Licensed%20External%20Standards/IEC%2060664/IEC%2060664-1%20Ed%202_0%20b_2007.pdf
https://www.ti.com/lit/wp/slyy063/slyy063.pdf
https://www.ti.com/lit/ml/slyp759/slyp759.pdf
https://training.ti.com/ti-precision-labs-isolation-what-are-creepage-and-clearance
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