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Manufacturing, development,
and characterisation of low -loss
copper folls for 5G technologies
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Introduction

A 6-210 pm thickness (mostly 18 -35 pm)
A Up to 1.3m in width
A Up to tens of kms in length (for 6 pm)

Lithium -lon Batteries ( LiB)

ELECTROLYTE

Printed Circuit Boards (PCBS)
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Cu foll iIn PCBs manufacturing

Copper foils main applications are Printed Circuit Boards (PCBs)

Pressure
and heat

Lamination

Application
of resist
Copper
etching

Removal
of resist
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How to produce Cu foil ?

Electrodeposition

Cu*(solution)
+ 2 e(curlrent)

Cu (metal)

+ High purity copper
+ Cost efficient for thicknesses below 200u
+ Thickness down to 6 pm

m

Roll annealing
Compression of copper
rod in several steps to

OO obtain thin foill

Very high cost if thickness < 18 um
Anisotropic characteristics
Degreasing stepeeded

High elongation
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Company presentation
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Udvozlunk a Volta
Cégcsoportnal!

Az elektromos jarmuvek
akkumulatoraihoz
készult rézfolia elsé
szamu europai
gyartéjanal.

Production capacity: ~ 10.000 Tons (2021) Production capacity : 10.000 Tons (2021)

25.000 Tons (2023) A NEW FACTORY

Capacity extension: 13.000 Tons (2022) 75.000 Tons (2025)

WILL BE LAUNCHED

Product portfolio : Battery foil IN 20925 |
(BF, SR & HTS)

Product portfolio : All ED Cu Foils
(Focus on high-end
Electronic)
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MAIN PRODUCTION STEPS

STEP 02 STEP 04
: Slitting &
Plating Sheeting

STEP O] STEP 03 Cr

Dissolving Treating
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Dissolving

Consumption of:

- Metallic copper (recycled)
- Oxygen (from air) Copper plating and dissolving are two

- Sulfuric acid ) opposite chemical (redox) reactions

dissolving

Cu=Cu®t +2e”

plating
Dissolving :

Cu+ H,S0, +% 0 , A CuSO,+H,O

Production of:
0
100% Recycled - Copper sulphate (soluble)

copper - Water
& High copper concentration electrolyte )
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_ Reaction :
Production of: 0
- Metalliccopper(foil) v s ot N v o o~ Oy
- Sulfuricacid G
Output :

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

+ ]

Anode:  Cathode:
oxidation reduction
O,and H Cu foil
formation formation

HTE foll

Drum side aspect Electrolyte side aspect

=5

Consumptiorof:
- Coppersulphate

- Water |
Lowcopper highacid

concentrationelectrolyte
goingback todissolving
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Cu foll types

TENSILE STRENGTH AT RT
ELONGATION AT RT

TENSILE STRENGTH
ELONGATION
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Treatment

1. Plating | 2. Surface Treating

4
d.\' \o/ \o/ \0/ cr
_ Drying step "("_)
" >
, — =
8 — PASSIVATION
_/—\ O
S NODULAR
= TREATMENT
()
o)
Base foil Nodulation ~ Encapsulation  Passivation Silanization 8
Plating layer ) )
> L

EDCopper foil construction
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Treatment type

et 8T O 3@ Vol “intiT €
o%_ .§ < oA L LT S
523" '3 » @
;;m L el fied “”%251 4
¢ % Das’ P & > ]
A . AL & i % PE PN mATBS o SR N VA Al g0 1 S . ) { XA
1/22/2024 | HV spot mag ® WD det  mode 20 um 1/22/2024 | HV spot mag ® det | mode 1/22/2024 HV spot mag ® tilt |WD | det
12:17:39PM | 20.00kV 2.0 2000x 30.0° 10.0mm ETD SE Circuit Foil 12:52:50 PM | 20.00 kV 2.0 | 2000x 30.0° 9.9 mm ETD SE 2:00:45PM 20.00kV 2.0 2000x 30.0° 9.7mm ETD Circuit Foil

y = byt . L 3 a - - . - L~ én’ i - y
1/22/2024 HV spot mag ® tiit | WD det  mode 20 um 1/22/2024 HV spot mag ® tit WD det  mode 1/22/2024 | HV spot mag ® tit WD det  mode 20 pm
1:04:40 PM 20.00kV |2.0 2000x 30.0° 10.0mm ETD SE Circuit Foil 3:52:32 PM 20.00kV 2.0 2000x 30.0° 10.1mm ETD SE Circuit Foil 12:44:07 PM | 5.00kV 2.0 2000x 30.0° |9.9mm ETD SE Circuit Foil
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SMART CARDS & TAPE SUBSTRATES

LPTNP

Very low profile
For
conventional

process
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DOUBLETHIN

Copper foil thickness down to 1 um

< odue®
NS
O\)

Rz JIS (um)

1.8

o
Rz ISO (um)

O
©

0.75

=
0

=
N

o

DTH-N-TZA

25/25 15/15 10/10 5/5

Target L/S using mSAP (um/um)
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DOUBLETHIN

PCB Cross Section
Before Etch

Resist Resist

A Thinner copper foil will allow the
manufacturing of PCBs with tracks
narrower and closer to each other
(reduction of | ine and spa
higher connection density

Laminate

A Copper foil < 4 -5 pm is impossible to

After Etch handle (tears, wrinkles)
Resist Resist

A Solution is ultra -thin supported foil

Laminate

c |
”™ CIRCUIT FOIL



Product Description

Release Layer

Carrier foll
(9um to 35um)

Ultra flat nodulation
treatment
+ passivation

. . + silane
Functional foll

(1.5, 2, 35um)
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HSD, Low Loss and High Frequency

Advanced technologies
require faster data
transfer speeds

7

W\

W\
WA MWW

U Key challenge for
these applications is
signal loss reduction

S L\ S

—=
—
—
-
—
e
-
”~
/l
-

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

Skin effect : at high frequency, AC has higher current density

on the edges of the conductor Frequency| Skin depth
Where: 1Hz 65182 um

P 1: skin depth (m) 1 MHz 65 um

) f: frequency (Hz) 1 GHz 2,1 um

“Q SY YF3AySGAO LIBNYSIoAtAGE 61 &Y 10GHz 0,65 pm

'Y SEtSOGNAROF® O2yRdzOGAGBAGE 0 {|P¥GHz 0.29 um

CNEIljdzSyoeé xmn DITY KAIKS
U higher signal loss

Signal

Frequency << 10 GHz

Solution: ultralow-profile foill

BUTthe copper foil must havgood adhesiorwith the substrate
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Factors influencing signal losses and PS

— SILANE A Type & Content
—_— — PASSIVATION A Metallic content
0000000 NODULAR A Size
TREATMENT A Shape
—/\

A Roughness on both side of the basis foil
A Grain size
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Base Foll

Roughness

Organic Additives
DEPOSIT
Without
organic /W
additives 7
7: SUBSTRATE % 7%

Inhibition of the deposition
With organic ‘ﬁ/\—/—\/‘\
additives 2 2
(leveler)
7

Use of specific organic
additives (levellers)
inhibiting deposition on

\ copper peaks

Drum Surface

Optimized drum surface
preparation

Separation between
the foil and the drum

Copper foil
Master Roll

Copper electradeposition /

-l =

Rz reduction

30%

Rz reduction
30%

20 pm
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Base Foil RGrain size

0 U Skin depth depends on material Ss cond
1 e U Grain size has a direct impact on conductivity — Q
1
25 _ Max. electrical conductivity Grain size
= g [T e ] i BFL base foil
< 3 ot ‘_:.;,.3&. . rgached for copper grain
2 20 g 5 T size ~ 1 um diameter
& g 40 # S. Riedel et al. [13]
25 g w| / ey -aa
2 g ol@) .
L 0.01 0.1 1 10
5 10 Grain size, d fum
£
k7
Q 5
Q
=)
)]
0
40 45 50 55 60

Electrical conductivity (MS/m)

Takata, N., Lee, S. H., & Tsuji, N. (2009). Ultrafine grained copper alloy

sheets having both high strength and high electric conductivity. Materials
Letters, 63(21), 1757-1760.
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Influence of Roughness

NODULAR
TREATMENT

Frequency (GHz)

0o 5 10 15 20 25 30

—> 0000000
-
HVLP1
™

| BF-TZA

g
S 5
X Transmission loss
2 HVLP3 reduced with
BE-NN copper foil profile
9 — BFLNF-z (RVLP-3) (especially at high
—BF-NN (HVLP-3) frequency)
'“ —BF-TZA (HVLP-1)
HVLP5
3 BFL-NF

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

A Different nodular treatments depending on the
products/applications.
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Nodules RSize & Shape

% m.... NODULAR
TREATMENT

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.

h =h h
total =  prepreg +K’oughness copper,smooth

R = 100nm R=500nm R=1pm 1.04
1.035
—e—1GHz
H (A/m) 103 —e—30 GHz
o -gu 1.02
o
% G 1015

15 GHz — — _A_ ) 1.01

40

M\ f'\ - 0.995
30 GHz * * 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
E— Nodule radius (um)

Simulation example on spherical nodules The application frequency fix the nodule size
target

> Various nodular treatment shapes under study
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Factors influencing signal losses and PS

— A Type & Content
—_— A Metallic content

A Size
A Shape

A Roughness on both side of the basis foil
A Grain size
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Metallic passivation Q-

Adhesion on low loss resin system for
different passivationsvith silane coating

A B C D E F G

A Passivation layer (few nm)
contributes to oxidation
resistance, and also peel strength

o
o

o
o)l

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

Adhesion (N/mm)
o o
[\ E=3

o
o

Skin depth in Ni vs Cu and Au

| Cu Au Ni |
45
¢ I PPE Type 1 BFL-NN  BFL-NN-HT
35 QN (35 um) HVLP4 HVLP4

Metal passivation 7

X content
_ 7288 (min) <60 > 120

= thermal resistance

Skin depth  (um)
- )
- N oW
1

o
o

> b & ‘\9 L

Frequency (GHz)
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Chemical adhesion improvement

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

Silane Broad library of silane available to allow good
customization chemical adhesion with any resin system

z : ; R group of silane will bound with the resin to create chemical adhesion Th tic resi Thermosetti i Elastomer-Rubbe
Silanes react with water to form reactive molecules group of stane e bt e SRS
R R with copper foil: 3lsla HE R HEIR HEEE 55535;
HEE HEE HEEHEEREREEEEHE
i e Resin Ed R A A HEEEHEEEHEHEBEE
— 1 =< |OT = 21048
RiO- Si- ORs HO - i~ OH - AR gl |® "’%i %?,Eé %%TS%S
1 1 o S|=e -
OR OH 4 el © %8 3 ; HEHBNE % N
3 A A 7| = al® = D
Silanes can react with copper surface or with each Resin Chemical e HBEVEE 2=
. i1 w
other to create chains ) ) adhesion groups AN EE g
HO-SI-OH HO-SI-OH HO-SI-OH HO-Si-OH
R: R R R: o 0 0 o IVinyl e Rad . + |+ I
: § { Epoxy B EIE R E R E R R R E R E R R E N ER R S + |+ |+ + |+ |+
.‘“ /' ) /v
i " " M, HO- $i-OH HO - Si-OH HO - Si-OH HO - Si-OH Styryl +|+
° o ° o ~ m at | 4] B + 4 + [++ + | ++ 1
IAmino L RS SRR N RS N N S N A S N ++ + |+ + + |+ |+ +|
.y . . . . . . Urelde + * * *
The surface of copper foil is passivated prior silane application. Mercapto | + | + | + N N N NP s el s el ol s 1ol Toales
Isocyanate AR R R R RN + +
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Chemical adhesion challenges

Transmission Loss (a) = Conductor Loss( a_) + Dielectric Loss( ay)

a, o J&xtand

¢ : Dielectric constant
tand : Dielectric loss tangent

To reduce the transmission loss...
= Low dielectric loss tangent (Df)

d

Loss tangent (tan (1)) is the measure of signal loss due to the
inherent dissipation of electromagnetic energy in the
substrate of the printed circuit board.

Unpolarised Polarised by electric field

AN SN T T L
St bsiue 5769 999 9g

+ 4+ 4+ + ++ 4+ + + + +

(Hydroxyl group RAoL| P

copper foll

V To reduce dielectric loss, CCL makers needs to remove polar group from the resin

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

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

_\
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Low Loss Products Development
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