
Introduction
The use of high dielectric strength materials in high 
power devices for power conversion applications 
offers several advantages. These materials are 
specifically designed to provide excellent electrical 
insulation. This allows them to withstand high voltages 
and electric fields without breaking down due to partial 
discharge, and makes them ideal for use in high 
voltage applications such as:

• Electric vehicle (EV) power modules such as  
On-Board Chargers (OBC), DC fast charging 
(DCFC) systems, battery management and 
traction inverters,

• Industrial power conversion,
• Automation controls.

In addition, materials with high dielectric strength are 
generally more resistant to breakdown caused by 
moisture, contaminants, and temperature fluctuations, 
enhancing the performance and extending the 
operational lifespan of high-power devices. Moreover, 
high dielectric strength materials also improve 
efficiency, as they help to minimize losses.

Overall, the use of high dielectric strength 
materials in power devices can improve equipment 
reliability, reduce maintenance costs, and enhance 
system efficiency.

Insulated Metal Substrates (IMS)
Insulated Metal Substrates (IMS) are composite 
assemblies that can be used as a base substrate for 
electronic circuits and are especially advantageous 
for high-power electronics. They consist of a metal 
heat spreader, typically aluminum or copper, which 
is bonded to the circuit layer using a thin layer of 
thermally conductive dielectric insulation material 
such as TCLAD’s high performance polymer-ceramic 
matrix. Shown in Figure-1, the dielectric layer serves 
to electrically isolate the metal base layer from the 
circuitry and provides thermal management by 
helping to spread and dissipate heat generated by the 
electronic components.

IMS offers several advantages over traditional 
circuit board materials, including improved thermal 
and electrical performance, increased reliability, 
and reduced size. These materials are widely used 
in applications such as automotive and industrial 
electronics, power converters, inverters, and motor 
controls, where high power densities and thermal 
management are critical to performance and reliability.

Figure-1 Structure of an IMS Substrate

Partial Discharge Inception Voltage 
(PDIV) Testing of IMS Dielectric 
Insulating Materials
Partial Discharge Inception Voltage (PDIV) is the 
voltage level at which a small spark discharges 
through or across the surface of an insulation system. 
These partial discharges, over time, can cause 
significant damage to dielectric insulation material and 
electronic components, leading to equipment failures. 
Therefore, PDIV testing of dielectric insulating 
materials is critical to assessing the reliability and 
lifespan of electronic equipment.

High dielectric strength materials designed to 
insulate electronics that operate at high temperatures 
must undergo high temperature PDIV testing. This 
helps designers select the right material for high 
temperature applications. It is important to note 
that PDIV values are expected to decrease as 
temperature increases, as there is a reduction in the 
insulation’s ability to withstand electrical stress at 
higher temperatures. 

TCLAD’s Dielectric Materials for IMS Applications Provide Durable 
Thermal Management Solutions for High Power Electronics



PDIV Test Setup
TCLAD, a leading provider of dielectric materials for 
IMS applications, provided twelve test coupons each 
of the following dielectric materials:

• TCLAD 3 mil HT
• TCLAD 6 mil HT
• TCLAD 6 mil HPL
• TCLAD 9 mil HT
• TCLAD 12 mil HT
• TCLAD 15 mil HT

Figure-2 Six Types of Test Coupons

Technical data on the above materials is available at 
https://www.tclad.com/page/technical-download

An Omicron MPD 600 partial discharge measurement 
analysis system and a 1NF coupling capacitor were 
used to obtain the PDIV measurements. The test 
coupons were placed in an oven on a grounded 
copper pad. A 1-inch brass weight was used as the 
high voltage electrode, and a 120/7200 V transformer 

was used as the 60 Hz voltage source.

Figure-3 PDIV Test Setup

Figure-4 Test Setup Inside Oven

PDIV Test Procedure in Accordance  
with IEC 602700 Standard
PDIV testing was performed in air at three different 
temperature settings: 25°C, 50°C and 100°C. At each 
temperature, each type of dielectric material was 
represented by three replicate coupons. The coupons 
were preconditioned at the test temperature prior to 
taking PDIV measurements.

The background partial discharge (PD) level was 
recorded at 0.2 – 0.3 V. The voltage was then raised 
gradually until a PDIV greater than 2pC was detected. 
The voltage at which the inception occurred was 
recorded. Three PDIV measurements were obtained 
for each test coupon.

PDIV Test Results
Mean PDIV values were calculated at each 
temperature for each type of dielectric material. 
Mean PDIV values are shown in Table-1 and plotted 
graphically in Figure-5.

Table-1 Mean PDIV Values

TCLAD 
Dielectric 25°C 50°C 100°C

3 mil HT 764.6 697.7 670.3
6 mil HT 822.2 833.3 826.9
6 mil HPL 974.0 949.2 929.4
9 mil HT 1180.2 1084.0 1108.1
12 mil HT 1189.1 1186.2 1136.1
15 mil HT 1371.2 1370.0 1192.0

 



Figure-5 Mean PDIV as Function  
of Temperature Set Point

Interpretation of Test Results
Thicker dielectric materials exhibit higher PDIV 
values, indicating that thicker material options may be 
more appropriate for higher power applications.

As temperature increases, PDIV values typically 
decrease, indicating there is a reduction in the 
insulation’s ability to withstand electrical stress 
at higher temperatures. The amount of decrease 

depends on many factors including the material 
chemistry and other environmental conditions.

Conclusions
TCLAD’s HT and HPL dielectric materials maintained 
impressive mean PDIV values (670 V to 1192), 
depending on thickness, at high temperature (100°C) 
performing well in a range generally associated with 
high power applications such as automotive and 
industrial electronics, power converters, inverters, and 
motor controls.

TCLAD dielectric materials provide excellent thermal 
management due to it homogenous isotropic nature 
and reliable, long-lasting electrical insulation. In 
addition, they are resistant to breakdown caused 
by moisture, contaminants, and temperature 
fluctuations. Incorporating TCLAD high dielectric 
insulating materials into high power devices improves 
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*    Most common thicknesses 
**  If there is any specific inquiry other than standard specification, please contact us. 

 
 

All statements, technical information and recommendations herein are based on tests we believe to be reliable, and 
THE FOLLOWING IS MADE IN LIEU OF ALL WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING THE IMPLIED 
WARRANTIES OF MARKETABILITY AND FITNESS FOR PURPOSE. Sellers’ and manufacturers’ only obligation shall be to 
replace such quantity of the product proved to be defective. Before using, user shall determine the suitability of the product 
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 Unit VALUE TEST METHOD 

THERMAL PROPERTIES    
Product Thermal Conductivity W/m-K 7.5 MET 5.4-01-40000 
Dielectric Thermal Conductivity W/m-K 3.0 ASTM D5470 

Thermal 
Resistance 

1.5mil (76µm) 
A 

°C-in2/W 

(°C-cm2/W) 

0.02 (0.13) 
ASTM D5470 2mil (50µm) B 0.026 (0.17) 

6mil (152µm) C 0.039 (0.25) 

Thermal 
Impedance 

1.5mil (76µm) 
A 

°C/W 
0.30 

MET-5.4-01-
40000 

2mil (50µm) B 0.40 
6mil (152µm) C 0.58 

ELECTRICAL PROPERTIES 
Dielectric Constant - 6.6 ASTM D150 
Dissipation Factor 1KHz/1MHz 0.003/0.005 ASTM D150 
 
Capacitance 

1.5mil (76µm) 
A 

pF/in2 
(pF/cm2) 

925(140) 
ASTM D150 2mil (50µm) B 560 (90) 

6mil (152µm) C 204 (33) 

Volume Resistivity Ω-m 1014 ASTM D257 
Surface Resistivity Ω/sq I013 ASTM D257 
 DBV 
(Breakdown 
Voltage) 

1.5mil (76µm) 
A 

KVAC 
5.0 

ASTM D149 2mil (50µm) B 7.7 
6mil (152µm) C 17.4 

MECHANICAL PROPERTIES 
Color - Off-White Visual 
Peel Strength@25C Ib/ in N/mm) 5 (0.9) ASTM D2861 
Glass Transition (Tg) °C 185 ASTM E1356 
CTE in XY/Z Axis, <Tg µm /m°C 35 ASTM D3386 
CTE in XY/Z Axis, >Tg µm /m°C 85 ASTM D3386 
Storage Modulus (@25°C/150°C) GPa   17 / 12 ASTM 4065 
CHEMICAL PROPERTIES 
Water Vapor Retention % Wt. 0.11 ASTM E595 
Out-Gassing Total Mass Loss % Wt. 0.15 ASTM E595 
Collect Volatile Condensable Material % Wt. <0.01 ASTM E595 
AGENCY RATINGS & DURABILITY 
U.L. Maximum Operating 
Temperature (MOT) 

°C 140 U.L. 746B 

U.L. Flammability - V-0 U.L. 94 

U.L. Comparative Tracking Index (CTI) 0/ 600 
ASTM D3638/ 
IEC60112 

Solder Limit Rating (60sec) °C 325 U.L. 796 

 

 
www.tclad.com 

AMERICAS 
TCLAD Inc 
Phone: +1 715-262-5898 
Email: sales.us@tclad.com 

ASIA-PACIFIC 
TCLAD TECHNOLOGY  
Phone: +1 715-262-5898 
Email: sales.asia@tclad.com 

EUROPE 
TCLAD EUROPE  
Phone: +1 715-262-5898 
Email: sales.eu@tclad.com 

All marks used above are trademarks and/or registered trademarks of TCLAD Inc and its affiliates in the U.S., Germany and elsewhere.  
© 2021 TCLAD Inc. All rights reserved. US 
 

 
 
 

• Thermal resistance, 0.02°C in2/W (0.13°C-cm2/W) 
o (1.5mil thickness) 

• Product thermal conductivity of 7.5 W/m-K 
o (2oz Cu x 1.5 HPL x 1.6mm Al) 

• High temperature applications 
• High voltage applications 
• Lead-free solder compatible 
• Eutectic AuSn compatible 
• RoHS compliant and environmentally green 
• Available on aluminum and copper base substrates 
• Other substrates materials may be available  

 

Thermal Clad Metal Core PCB’s (MCPCB’s) minimize 
thermal impedance and conduct heat more efficiently 
than standard printed wiring boards (PWB's). These 
substrates are more mechanically robust than Direct 
Bond Copper (DBC) constructions, as well. 
 

The technology of Thermal Clad resides in the dielectric. 
This datasheet highlights the performance characteristics 
of Thermal Clad HPL dielectric. 

 

Applications 
• High power density applications where achieving low 

thermal resistance is required 
• Automotive high voltage power modules  
• Head lights, fog lamps 
• High power LED architectural lighting, UV LED 

 

Base Metals                     Thicknesses mil (mm) 
• 5052 Aluminum  32(0.8), 40(1.0)*, 63(1.6)*, 80(2.0), 125(3.2) 
• 6061 Aluminum  32(0.8), 40(1.0)*, 63(1.6)*, 80(2.0), 125(3.2) 
• 4045 Aluminum 59(1.5)* 
• Copper C1100     32(0.8), 40(1.0)*, 60(1.5)*, 125(3.2) 

 

Copper Foil 
• ED copper 1oz, 2oz, 3oz, 4oz, 6oz  
• RA  8oz, 10oz C 

 

General Model** 
HPL 03015 (1.5mil)A, HPL 04020 (2mil)B, 05860 (6mil)C 
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reliability, reduces maintenance costs, and enhances
system  efficiency.

Manitoba Hydro international Ltd.                        
High Voltage Test Facility,                               

Note: All testing was done third party at

Winnipeg, Manitoba, Canada.


