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Thermal Management:
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A B
▪ One hot component
▪ Multiple hot components
▪ Back side of a PCB
▪ Processing units
▪ Transistors, IGBTs
▪ Memory ICs
▪ Battery cells
▪ …

▪ Heatsink
▪ Metal housing
▪ Cooling plate
▪ Radiator
▪ …

Thermal Management 
Solutions

Cooling AssemblyHeating Element

Introduction - Strategies
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Today’s Demo:
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Rth−TIM =
l

λ ∙ A
=

0,002m
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W

m ∙ K
∙ (0.031 ∗ 0,031)

= 𝟐, 𝟎𝟖
𝐊

𝐖

Rth−TIM =
l

λ ∙ A
=

0,005m

1
W

m ∙ K
∙ (0.031 ∗ 0,031)

= 𝟓, 𝟐𝟎
𝐊

𝐖

• 𝑙 = 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑜𝑓 𝑇𝐼𝑀 𝑚

• 𝐴 = 𝐶𝑜𝑛𝑡𝑎𝑐𝑡 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑇𝐼𝑀[𝑚²]

• λ = 𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑇𝐼𝑀[
𝑊

𝑚∙𝐾
]

Thermal Resistance of TGF

• Calculation thermal resistance of TIM

Thermal Resistance of TGF
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• Case 2: passive heatsink with TGF 

      1W/mK 2mm

Thermal Demo PCB - Maximum component temperature

2,08K/W * 7W + 46 ºC ≈ 60,5°C
PLoss = 7W

Ambient Temp. 25ºC

3K/W * 7W + 25°C ≈ 46°C

𝑅𝑡ℎ−𝑠𝑎 = 3 K
W

𝑅𝑡ℎ−𝑇𝐼𝑀 = 2,0𝟖
K
W
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• Case 2: passive heatsink with TGF 

      1W/mK 5mm

Thermal Demo PCB - Maximum component temperature

5,20K/W * 7W + 46 ºC ≈ 82,4°C
PLoss = 7W

Ambient Temp. 25ºC

3K/W * 7W + 25°C ≈ 46°C

𝑅𝑡ℎ−𝑇𝐼𝑀 = 𝟓, 𝟐𝟎
K
W

𝑅𝑡ℎ−𝑠𝑎 = 3 K
W
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Thermal Demo PCB - Measurement

TMI

T°C Component T°C Heatsink

Calculation Measurement Calculation Measurement

1W/mK
2mm 60,5 66 46 62

1W/mK
5mm 82,4 84 46 60
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EMC Aspects - Thermal interface is not only a thermal path, but also electrical coupling path.

𝐶 = 𝜀 ∗
𝐴

𝑑
= 𝜀0 ∗ 𝜀𝑟 ∗

𝐴

𝑑

C – Capacitance [F]
A – plate area [m]
d – plate distance [m]
εr – relative permittivity TIM

ε0 –absolute permittivity : 8,85 × 10−12[
𝐴𝑠

𝑉𝑚
]

polarities
dielectric

U
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EMC Aspects - Parasitic capacitance creates common-Mode Current in a Flyback converter

𝐼𝑐𝑚 = 𝐶𝑇𝐼𝑀 ∙
∆𝑉

∆𝑡

THE BIGGER THE PARASITIC CAPACITOR, THE BIGGER THE COMMON MODE CURRENTS!

THERMAL COUPLING CAN UNINTENTIONALLY BECOME AN EMI COUPLING PATH
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80pF

LTSPICE Simulation
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103dBµV with 80pF parasitic capacitance
Hybrid gap filler – 5mm

LTSPICE Simulation
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LTSPICE SIMULATION - SUMMARY

Thermal Resistance Capacitance dbµV @ 900kHz

5mm Graphite over Foam Low 80pF 103

5mm TIM – k = 3 Medium 11,5pF 94

5mm TIM – k = 1 High 7,5pF 93

2mm TIM – k = 1 Medium 13,5pF 94,5
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Common mode solutions

System-Level / Mechanical Measures PCB-Level / Circuit Measures
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Common mode solutions - Cable Ferrites

Icom
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Common mode solutions - Cable ferrites 900kHz

900kHz
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• Thinner TIM = Better thermal performance

• High conductivity = Better thermal performance

• Thicker TIM = Better EMI performance

• Lower permittivity = Better EMI performance

Thermal EMI

Design considerations - Thermal Performance versus EMI considerations

𝐴 = 𝐶𝑜𝑜𝑙𝑖𝑛𝑔 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒[𝑚²]

𝑙 = 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠[𝑚]

𝑅𝑡ℎ =
𝑙

λ ∙ 𝐴
=

𝐾

𝑊

𝐶 = 𝜀0 ∗ 𝜀𝑟 ∗
𝐴

𝑙

λ = 𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦
𝑊

𝑚. 𝐾

polarities
dielectric

U

𝜀𝑟 = 𝑃𝑒𝑟𝑚𝑖𝑡𝑡𝑖𝑣𝑖𝑡𝑦
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• Do not select a TIM on thermal 
conductivity alone.

• Check thickness, area and permittivity 
as EMC-relevant parameters.

• If redesign is difficult, use system-level 
mitigation such as cable ferrites.

• Come check out our demo!

Summary
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