
Carrying high currents on PCB –
From wire to PCB

How hot would you like it?



Agenda
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State of the art
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This is what we know, and 
this is what we trust!



Current Carrying Capability of Cables 
and Wires DIN VDE 0298-4



Wires in applications

+ Easier to replace

+ Less failures

+ Less maintenances

− Failures in setup and 
maintenance

− intense maintenances 
effort

High Power Applications on PCBs reduce 
installation and maintenance time

Open Source Wallbox Project



EV-
Charging

Industrial 
Inverter

UPSPV 
Inverter

Trend to use high currents on pc-board!

Applications for high-current AC-relays



High Power Relais development
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1990 2010 2020



PCB development over the years
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https://www.ksg-pcb.com/leiterplatten-technologien/hsmtec

Board designed in 1967 …in 1995

• Multilayers up to 560 µm thickness
• Selective Copper: normal copper layers + copper profiles 

(only as much copper as needed)

…and today 

What do I do starting out of the blue?

+ Best for High Current applications

− expensive manufacturing

− Simulation necessary



High Currents on PCB
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Calculation for Current Carrying Capability

Load curves from the 1960
→ wrong and not in relation to

standard technologies

IPC-2221 Thermal Standards

IPC-2152 Thermal Standard

• Only two conductor geometries are analyzed

• Gives a good overall understanding about 
current carrying capability

• Only qualitative, not quantitative!



High Currents on PCB
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Calculation for Current Carrying Capability

Load curves from the 1960
→ wrong and not in relation to       

standard technologies       

IPC-2221 Thermal Standards

IPC-2152 Thermal Standard

• Only two conductor geometries are analyzed

• Gives a good overall understanding about 
current carrying capability

• Only qualitative, not quantitative!



Physics to consider

Joule‘s law: 

• Joules Law and heat generation

P = 𝑈 ∙ 𝐼 = 𝑅 ∙ 𝐼2

𝑅 = 𝐿 ∙
𝜌20 1 + 𝛼20 𝑇 − 20

𝑤 ∙ 𝑑
𝜌20 = 0.0175 Ω ∙

𝑚𝑚2

m
at 20°C 𝛼20 = 0.00395

1

𝐾

El. Resistance: 

Thermal Resistance

• Heat conduction: 𝑅𝑡ℎ =
𝑑

λ∙𝐴

• Convection: 𝑅𝑡ℎ =
1

δ∙𝐴

• Heat radiation: 𝑅𝑡ℎ =
𝑑

φ∙𝐴

Important to consider in the PCB design

Important to consider in the PCB design and 
the application cooling

Symbol Description Unit

𝑅𝑡ℎ therm. Resistance K/W

𝑑 Thickness μm

𝐴 Area mm²

λ Thermal 
Conductivity

W/mK

δ Heat transfer 
coefficient

W/m²K

φ Heat transfer 
coefficient

W/m²K



Physics to consider
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Heat conduction: 𝑅𝑡ℎ =
𝑑

λ∙𝐴

Material Thermal Conductivity
λ [W/mK]

Copper 300

FR4 0,25

Air (still) 0,026

> x 1000

x 10     



Design variations to properly lead high Currents

• Reasonable diameter to carry high 
currents

• Conductor width vs. Conductor 
depth

• Importance of heat conductors

• Amount of copper 

1
,6

 m
m

wc

d
c

Varying PCB Parameters

Conductor width wc [mm] different

Conductor depth dc [μm] 35 70

Cross Section Area [mm²] 3, 4, 6 4, 10, 16

Heat Conduction layer yes no

Type of Heat Conduction layer different

• Standard Copper Thickness 35 µm
und 70 µm (point of price)

• 4 Layer Stack up

• Measurement ambience: Air (still 
room), no enclosure

• Conductor track with a length that 
presumably shows a stable 
temperature level without influencing 
the connected exterior

PCB thickness:

1,6 mm



Testing different designs for high current conductors on PCB
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1

2

3

Diameter of cable vs. 
Diameter of PCB Conductor

PCB with and without heat 
Conduction Layers

Different Solutions for heat 
Conduction Layers
Conductor width vs. Conductor depth



1. Diameter of cable vs. Diameter of PCB Conductor

Current carrying capacity of PCB 

Conductor: 𝑥 =
𝑃𝐶𝐵

𝐶𝑎𝑏𝑙𝑒

x = 161 %

wc = 28,57 mm

All layers lead current
dc = 35 µm

4 mm²



1. Diameter of cable vs. Diameter of PCB Conductor

Current carrying capacity of PCB 

Conductor: 𝑥 =
𝑃𝐶𝐵

𝐶𝑎𝑏𝑙𝑒

6 mm²

x = 161 %

wc = 28,57 mm

x = 162 %

wc = 42,86 mm

All layers lead current
dc = 35 µm

All layers lead current
dc =  35 µm

4 mm²



2. PCB with and without heat conduction (same area)

23,04 °C

53,46 °C52.85 °C

22.64 °C

4mm² with Heat Conduction

+ 50 %

wc = 28,57 mm

all layers lead current

73 A 110 A

heat conductor layer

el. conductor

wc = 57,14 mm

el. Cond.

Heat 
Cond./PCB

Heat 
Cond./PCB

Ambient

Ambient

el. Cond.

PCB

PCB

Ambient

Ambient

el. conductor

∆T = 30 K ∆T = 30 K

dc = 35 µm dc = 35 µm

4mm² without Heat Conduction



2. PCB with and without heat conduction (different area)

3mm² with Heat Conduction

97 % current at 50 % Cable Cross Area

wc = 42,86 mm

all layers lead current

101 A 98 A

heat conduction layers

el. conductor

el. conductor

wc = 42,86 mm

53,10°C

23,21 °C

53,52 °C

24,10 °C

el. Cond.

PCB

PCB

el. Cond.

Heat 
Cond./PCB

Heat 
Cond./PCB

Ambient

Ambient

Ambient

Ambient

∆T = 30 K ∆T = 30 K

dc = 35 µm dc = 35 µm

6mm² without Heat Conduction



3. Different Solutions for heat conduction / Width vs. Depth

4 mm² with Heat Conduction Current Carrying Capability

Conductor width wc [mm] 42,86

Conductor depth dc [μm] 35

Type of Heat Conduction Full + Grid (36%)

Conductor width wc [mm] 42,86

Conductor depth dc [μm] 35

Type of Heat Conduction Full + Full

Conductor width wc [mm] 28,57

Conductor depth dc [μm] 70

Type of Heat Conduction Full + Full

A

B

C

Stack UpVarying PCB Parameters

At same cross section:
conductor width is 

more important than 
depth!

68 % Heat 
Conduction Mass 

leads to 96 % current 
carrying capability



Summary
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vs.

vs.

vs.

vs.

PCB showed a 160% better performance % 
vs. a cable with the same area

Adding a heat conduction layer improved 
performance to 150%

Almost same performance with half conduction 
area and heat conduction layer

Width is more important than depth

Signal layers may not affect the 
heat conduction much



Bernd Proessner

Bernd.Proessner@EU.Panasonic.com

 Hall 7 - 7C089

mailto:Bernd.Proessner@EU.Panasonic.com
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