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copper foils for 5G technologies

CONFIDENTIAL



2

Outline

Å Introduction

Å Cu foil production process

Å Applications

Å Low loss Cu foil development

Å Advanced electrical characterization



3

Introduction
Å 6-210 µm thickness (mostly 18 -35 µm)

Å Up to 1.3m in width

Å Up to tens of kms in length (for 6 µm)

Printed Circuit Boards (PCBs)Lithium -Ion Batteries ( LiB)
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Lamination
Application 

of resist

Copper 
etching

Removal 
of resist

Copper foils main applications are Printed Circuit Boards (PCBs)

Cu foil in PCBs manufacturing
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How to produce Cu foil ?

ïVery high cost if thickness < 18 µm

ïAnisotropic characteristics

ïDegreasing step needed

+High elongation

+High purity copper

+Cost efficient for thicknesses below 200µm

+Thickness down to 6 µm

Electrodeposition Roll annealing

Cu2+ (solution)
+ 2 e- (current)

Cu (metal)

Compression of copper 
rod in several steps to 
obtain thin foil
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Company presentation
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MAIN PRODUCTION STEPS
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Dissolving
Consumption of: 
- Metallic copper (recycled)              
- Oxygen (from air)
- Sulfuric acid

100% Recycled
copper

Copper plating and dissolving are two
opposite chemical (redox) reactions : 

Dissolving : 

Cu + H2SO4 + ½ O 2 Ą CuSO4 + H 2O

Production of: 
- Copper sulphate (soluble)
- Water
ᶒHigh copper concentration electrolyte
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Plating
Reaction :

Output :
Cu foil thickness from 6 to 210 µm
Max. width: 1320 mm

Consumptionof: 
- Copper sulphate
- Water

Production of: 
- Metalliccopper(foil)
- Oxygen
- Sulfuricacid

Low copper, high acid
concentration electrolyte
goingback to dissolving

Anode: 
oxidation: 
O2 and H+

formation

Cathode: 
reduction:

Cu foil 
formation Drum side aspect Electrolyte side aspect

HTE foil
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Cu foil types
Regular HTEBF style SR style

Drum side Grain size:
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Treatment
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Base  foil 
Plating

Drying step

ED-Copper foil construction

Nodulation Encapsulation
layer

Passivation Silanization
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Treatment types
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SMART CARDS & TAPE SUBSTRATES

LPT-NP
Very low profile

For 
conventional 

process

O
ur product
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DOUBLETHIN

DTH N -
TZA

DTH 
ANP/ 
DTH 
ANPS

DTH 
NN/ 

DTH NF

DTH -CL

O
ur

products

Copper foil thickness down to 1 µm
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DOUBLETHIN

Å Thinner copper foil will allow the 

manufacturing of PCBs with tracks 

narrower and closer to each other 

(reduction of line and space or ŗL/SŘ) for 

higher connection density

Å Copper foil < 4 -5 µm is impossible to 

handle (tears, wrinkles)

Å Solution is ultra -thin supported foil
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Product Description 

Carrier foil
(9µm to 35µm)

Functional foil
(1.5, 2, 3, 5µm)

Ultra flat nodulation 
treatment

+ passivation
+ silane

Release Layer
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HSD, Low Loss and High Frequency

Advanced technologies 
require faster data 
transfer speeds 

üKey challenge for 
these applications is 
signal loss reduction

üNeed for ultra smooth 
copper foil with 
sufficient peel 
strength and reliability
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Skin effect

Frequency << 10 GHz
CǊŜǉǳŜƴŎȅ җмл DIȊΥ ƘƛƎƘŜǊ ǊŜǎƛǎǘŀƴŎŜ

ü  higher signal loss

Solution: ultra-low-profile foil

Signal

BUT the copper foil must have good adhesion with the substrate 

Skin effect : at high frequency, AC has higher current density 
on the edges of the conductor

‏
ρ

“Ὢ‘„

Where:
:ɻ skin depth (m)

f: frequency (Hz)
˃Υ ƳŀƎƴŜǘƛŎ ǇŜǊƳŜŀōƛƭƛǘȅ όIΦƳ-1)
ˋΥ ŜƭŜŎǘǊƛŎŀƭ ŎƻƴŘǳŎǘƛǾƛǘȅ ό{ΦƳ-1)

Frequency Skin depth

1 Hz 65182 µm

1 MHz 65 µm

1 GHz 2,1 µm

10 GHz 0,65 µm

50GHz 0,29 µm
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Factors influencing signal losses and PS

Å Type & Content

Å Metallic content

Å Size
Å Shape

Å Roughness on both side of the basis foil
Å Grain size

SILANE

PASSIVATION

NODULAR
TREATMENT

BASE FOIL
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Rz reduction
30%

Rz reduction
30%

Base Foil - Roughness
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Base Foil Ṝ Grain size

Max. electrical conductivity 
reached for copper grain 
size ~ 1 µm diameter

Grain size 
BFL base foil

‏
ρ

“Ὢ‘„

ü Skin depth depends on materialŚs conductivity

ü Grain size has a direct impact on conductivity
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Influence of Roughness

HVLP1

BF-TZA

HVLP3

BF-NN

HVLP5

BFL-NF

Ą A nodular treatment applied on Cu foils to improve adhesion. 

Ą Different nodular treatments depending on the 
products/applications. 

Transmission loss 
reduced with 

copper foil profile
(especially at high 

frequency)
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Simulation example on spherical nodules

 Various nodular treatment shapes under study

Model developed by Circuit Foil to study the influence of nodular treatment on the insertion loss. 

The nodular treatment influences the IL when the nodule size is bigger than the skin depth.

The application frequency fix the nodule size 
target

Nodules Ṝ Size & Shape

ʰ total = h prepreg + Kroughness .ʰ copper,smooth
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Factors influencing signal losses and PS

SILANE

PASSIVATION

NODULAR
TREATMENT

BASE FOIL

Å Type & Content

Å Metallic content

Å Size
Å Shape

Å Roughness on both side of the basis foil
Å Grain size
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PPE Type  1
(35 µm)

BFL -NN
HVLP4

BFL -NN -HT
HVLP4

Metal  passivation 
content -

T288 (min)
= thermal resistance < 60 > 120

Metallic passivation

A       B       C        D      E        F       G

Adhesion on low loss resin system for 
different passivations with silane coatingÅ Passivation layer (few nm) 

contributes to oxidation 
resistance, and also peel strength

Å High thermal resistance can be 
achieved with nickel, but this 
element may also affect signal 
losses

Skin depth in Ni vs Cu and Au
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Chemical adhesion improvement

As the roughness decreases, mechanical adhesion must be compensated 
by chemical adhesion => use of silane coupling agents

Broad library of silane  available to allow good 
chemical adhesion with any resin system
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V To reduce dielectric loss, CCL makers needs to remove polar group from the resin 
(Hydroxyl group ṜÂoḼḽṔ 

V Removing those groups is detrimental to the Peel Strength between resin and 
copper foil

 
Ą Chemical adhesion is even more difficult to achieve on last generation resin 
systems

Loss tangent (tan ( ɿ)) is the measure of signal loss due to the 
inherent dissipation of electromagnetic energy in the 
substrate of the printed circuit board.

Chemical adhesion challenges
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Low Loss Products Development
fɊȜȴ gɰǈǬǳ

ṓþȖȜǥȰȿǳɸɸ ᶣềɩȽṔ
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