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3D Structured collector foils 

Decrease the filling time and improve the cell capacity 

Introduction 

The main focus for developing a new kind of battery foil was the aim to reduce the battery filling time 

between cell assembly and first battery charge. Another important topic was to increase the adhesion 

between the active battery material and the used battery foil. Therefore the goal was to develop a three 

dimensionally structured current collector foil with a macrostructure to decrease the filling time and a 

micro structure to increase the adhesion between foil and active material. A surface inspection system was 

used to ensure the foil quality. 

The 3D-structure is a kind of “mesh”-structure. This means there is a regular structure of small holes in 

the battery foil. These holes help during the battery production to decrease the electrolyte filling time 

because the electrolyte can flow easily between the single battery cell sheets. To find an ideal ratio 

between the size of a single hole and the spacing between the holes different types of 3D-structures have 

been developed. At the end of the project Fraunhofer has developed a process to produce different types of 

3D-structures. It is possible to produce such a structure with a range of hole spacing between 250 µm up 

to 1000 µm. It is also possible to produce holes with a diameter between 100 µm up to 1000 µm. Both 

parameters can be adjusted to specific requirements independently of each other. The structure is directly 

produced during the foil production step, no additional step is necessary. 

To increase the adhesion between the active battery material and the foil different types of 

microstructures have been developed. By the end of the project it was possible to produce a 

microstructure direct on the top of the macro-structured copper foil. The structure size can be modified by 

changing the physical parameters during foil production in a roughness range between 0,5 µm up to 5 µm.  

The copper foils are produced by an electrochemical deposition process where foil and the holes of the 

macro-structure are made in one single step. The body of the foil is then covered with a second copper 

layer which builds the desired micro-structure with a defined roughness and shape of the surface 

elements.  

During the ELIBAMA project only a structuring of the cathode foils has been developed due to the fact 

that only the copper electroplating process can be modified in various ways. However it was shown that 

even with only this modification the filling time and electrode wetting could be improved considerably. 
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Main Problems using convention battery foil 

Filling time 

Today there are different companies which produce battery foils. A research shows the most important 

vendors are: 

Firma Cu-foil Al-foil Surface 
treatment 

Thickness of 
foils 

Production 
technique 

Targray 
Technology 
International 
Inc. 1,2 

Yes No Both sides & 
Different 
structures 

12 µm, - 70 µm n. b.  

Oak-Mitsui, 
Inc. 3 

Yes No Both sides & 
Different 
structures 

12 µm – 18 µm electrodeposition 

Kingboard 
Copper Foil 
Holdings Ltd 4 

Yes No Both sides & 
Different 
structures 

n. b. electrodeposition 

GOULD 
Electronics 
GmbH 5 

Yes No Both sides & 
Different 
structures 

8 µm – 18 µm electrodeposition 

Somers Thin 
Strip6 

Yes No Different types 
with nickel 

Min 10 µm rolled 

Beijing 
Chuangya 
Technology 
Co., Ltd. 7 

n.n. n.n. n.n. n.n. n.n. 

Table 1: battery foil production companies 

No one of these companies produces a 3D-structured foil. However, possibilities and potential of current 

collector foils with openings for a better flow of electrolyte in the cell have already been discussed. So in 

the ELIBAMA project such foils should be manufactured and tested for their impact on the cell filling time 

during the production process. 

 

  

                                                             
1 Targray Technology International Inc.: Targray Technology International Inc., Stand 10.02.12  
2 Targray Technology International Inc.: copper-foil.pdf: http://www.targray.com/documents/copper-

foil.pdf, Stand 10.02.12 
3Oak-Mitsui: Oak-Mitsui copper foils, Stand 10.02.2012: 

http://www.oakmitsui.com/pages/copperFoil/copperFoil.as 
4 Kingboard Copper Foil Holdings Ltd.: STD Copper Foil-Products: Stand 10.02.2012: 

http://www.kbcopperfoil.com/products.asp?id=1643 
5 Gould Electronics GmbH: JPLB, Stand 10.02.12, http://www.gould.com/products/copper-foil-for-

batteries/jplb/index_eng.htm 
6 Somers Thin Strip: Copper Foils for Batteries, Stand 10.02.12 

http://www.olinbrass.com/companies/somers/Products/Pages/CopperFoilsBatteries.aspx 
7 Beijing Chuangya Technology Co., Ltd. - China (Mainland) – Manufacture: Stand 10.02.12, 

http://chinachnm.en.alibaba.com/aboutus.htm 

http://www.targray.com/documents/copper-foil.pdf
http://www.targray.com/documents/copper-foil.pdf
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Adhesion between battery foil and battery material 

All battery production companies already sell their copper foils with a surface treatment. The aim of this 

surface treatment is to increase the adhesion between the copper foil and the battery active material. 

Some companies use a mechanical structuring process while other ones use an additional chemical 

treatment process.  

Usually these structures are smooth (Ref. to Figure 1). 

 

Figure 1: Different types of surface structure on copper foils.8 

The aim in this project was to integrate the foil production and the surface shaping in only one process 

step. The surface geometry is designed to have a very edged micro-roughness but without spikes. The 

structuring process was designed to be able to produce a very fine but still edged surface that would give a 

good support for adhesion of the active electrode material. Figure 2 shows the foil surface in different 

magnifications. 

 

Figure 2: Rough, zeklüftete Copper foil surface.9 

 

  

                                                             
8 Picture: OAK-Mitsu TLB-SS(R)-Battery foil 
9 Fraunhofer IPA / ELIBAMA 2013 
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Process to produce copper battery foils 

Normally there are two different ways to produce copper foils for battery technologies. It is possible to 

produce copper foils via electrodeposition or by roll thread. Because actually the thickness of copper foils 

used in battery technologies is tending to lower thicknesses, the production by electrodeposition is more 

effective than by roll treatment. Another advantage using electroplating techniques is the possibility to 

create the 3D-structure and the micro-roughness directly during the electrodeposition process (see Figure 

3). 

The electrochemical production of copper foils usually starts with a “bath-to-roll” process. A stainless steel 

drum is positioned about one half in an electroplating bath. By applying a potential between the drum and 

the anode a thin copper layer can be grown. (1) 

The stainless steel drum rotates with a low speed inside the electrodeposition bath. When the plated 

copper foil reaches the liquid surface the foil is pulled off the stainless steel drum. (2) In an additional 

bath additional copper is plated onto this thin copper foil to reach the final thickness and add the surface 

structure (3). In a last step the electrochemical fluids are washed away and the foil is ready to work 

with.(4). 

 

Figure 3: Electrochemical "bath-to-roll" copper foil production 

The main goal within the ELIBAMA Project was to integrate the production of a 3D-structure during the 

first step of production (1) which was achieved using a specially prepared stainless steel substrate. 

  

1 

2 3 
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Production of 3D-Structured and micro-rough battery foil 

Because the build-up of a continuously working plating unit was not possible within the framework of the 

project Fraunhofer used the available batch electroplating unit for the research in ELIBAMA. The 3D-

structure development and the micro-roughness development have been done separately. 

Production of 3D-structure 
To produce 3D-structured foils Fraunhofer used stainless steel plates. On these plates a 3D mask was 

applied by a kind of photo resistance paint. For this process we used an equipment also developed by 

Fraunhofer. Because of the fully flexible masking process it was possible to vary the 3D-structure by 

changing the setup parameters of the masking (see Figure 4). 

 

Figure 4: Preparing a stainless steel plate with 3D-structure 

The aim of the ELIBAMA project was to produce a high number of comparable foils to test the filling 

process. To reach this aim we needed geometrically exact stainless steel tools with a size of 300 mm by 

280 mm. One of the most difficult challenges was to level the current density over the complete stainless 

steel tool. To reach this a copper frame was designed around the tool. This copper frame helped to reach 

the same current density over the whole stainless steel tool (see Figure 5 & Figure 6): 

 



 

6   

   

  

Figure 5 - Design of tools to produce 3D-

structured foils 

Figure 6 - Production of 3D-foils with stainless 

steel tool 

To identify the most useful 3D-structure to accelerate the cell filling procures we tested two different sizes 

of holes and spaces.  

 
 

Figure 7: Sample for 3D-Pattern on 3D-copper 
foil 

Figure 8: Plated 3-D copper foil coated with 
graphite 

 

With these foils first filling an charging tests have been performed.  

For this test an active material with a capacity of 350 mAh/g (1,76 mAh/cm²) was used together with a 

special separator, developed by Fraunhofer ISIT.  

The cathode consisted of a double-sided closed aluminum foil, on which the active material Lithium-

Manganese-Nickel oxide (NMC) was coated. The active material had a specific capacity of 158 mAh / g at 

a surface loading of 1.6 mAh / cm². 
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Cyclic wetting Test 

To validate the first tests we did a cell “wetting” test. In this test we poured 10 ml of electrolyte into cells 

with different collector foils in several cycles. We used for this test the cells with the anode foils ELI-06 

(Standart foil) ELI-012R (big holes), ELI-016Rs(small holes). For the test condition see: Figure 9. 

 

Figure 9: Wetting cycle test 

Table 2: Results cyclic wetting test 

 

The first filling tests showed clearly the benefit of the 3D-structured foils for the filling time.  

 

Production of Micro-roughness 
Three different microstructures on foils 

To define the best microstructure at the foil surface for the adhesion test we produced different samples. 

The main criterion for a good roughness was a homogeneous distribution of the roughness over the 

complete area of the sample. 

To test the influence of different plating parameters on the surface roughness Fraunhofer varied:  

 the plating time  

Filling test cell 
with 10 ml 
Electrolyte 

Turn the cell on 
the flat side 

Wait for  

1, 2, 3, 4, 5, 10, 15 
min ... 

 

Turn the cells 
upside-down 

Wait for 1 minute 
(after cycle 5 - 

wait 3 minutes) 
to pour off the 

excess electrolyte. 

Weigh the cell 
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 the current density during the second plating step  

 the temperature 

 the concentration of copper in the plating bath 

 the concentration of sulfuric acid and 

 the concentration of chloride 

All foils were optically characterized with a Keyence VK-X100 Measurement Microscope. Ref. to Table 3 

Table 3: Micrographs test series micro structure 

 

V4.1.1 V4.1.2 V4.1.3 V4.1.4 

V4.1 - 50x  

V4.2.1 V4.2.2 V4.2.3 V4.2.4 

V4.3.1 V4.3.2 V4.3.3 V4.3.4 

V4.4.1 V4.4.2 V4.4.3 V4.4.4 
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At the end of the ELIBAMA project Fraunhofer is able to produce and reproduce different microstructures 

on copper foils. Foils samples have been tested at Daimler and Fraunhofer ISIT for adhesion and filling 

behavior. 

An analysis of the experimental results showed that the following factors have a strong influence on the 

microstructure of the deposited copper surface:  

 current density, 

 copper and sulfuric acid content in the electrolyte, 

 temperature in the plating bath. 
 

Using these results it could be shown in different experiments that it is possible to apply a uniform 

roughness on the copper foils in the range between a Ra of approx. 2,5 microns (see V4.1.1 to V4.1.4. 

above) and approx. 9 microns (see V4.4.1 to V4.4.4) and also anything in between. These structures can be 

reproducibly deposited via the setting of physical and chemical parameters in the used copper electrolyte. 

 

 

 
Figure 10: Fine microstructure on copper surface app. 0,3µm Ra 

 

Figure 11: Rough microstructure on copper surface app. 0,6 µm Ra 

Adhesion tests with the new micro structured foil have been performed. With the adhesion tests 

Fraunhofer verified the effect of the microstructure for the adhesion between active material and copper 

foil. 3 different types of microstructures were tested: 

 Sample 1: Ra 0,3 µm 

 Sample 2: Ra 0,45 µm 

 Sample 3: Ra 0,6 µm 

 



 

10   

   

Two different kinds of tests have been performed: 

 The pull-out test and 

 The cross cut test 

 

The Pull-out Test was performed with the following steps: 

1. cleaning all foils with 10% sulfuric acid, 

2. Primer the foils with EB-012-Primer, 

3. Coating the copper foils with active material  

SMGSG1 (Hitachi) + Super P (Timcal) +  PVDF (Kynar), 

4. place a 13 mm round stamp on the foil by gluing and pull out the stamp. 

 

The results shows, that there is a significant effect on the adhesion caused by the microstructure. Ref. to 

Table 4. 

 

Table 4: Force used to pull out active material from copper foil in N 

 

Cross-cut test: 

To verify the results from the pull-out tests, a cross cut-tests have been performed. The same foils and also 

a reference foil were coated with battery active material. After drying a cross cut with 1 mm spacing was 

performed on the foils followed by a quality inspection of the edges. The adhesion is better if less material 

is lost after this test. 

0
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Figure 12: Reference copper foil without 
structure 

 

Figure 13: Structured foil 0,3 µm Ra 
 

  
Figure 14: Structured foil 0,45 µm Ra 

 
Figure 15: Structured foil 0,6 µm Ra 

 
 

The pull-out test and also the cross-cut test have shown that the adhesion between the battery active 

material and the copper foil can been increased by using micro structured copper foils. 

 

Mass Production of 3D-structured foils 

One problem for the battery cell production is an inhomogeneous thickness distribution across  

the 3D-structured foils which was caused in the case of the Fraunhofer batch production by edge 

effects in the deposition process. To solve this problem special current shields were used in the 

electrodeposition process. First the current distribution across the deposition tools was calculated 

and based on these findings electrically non-conductive shields have been designed. These 

shields level the current density during the production process.  
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Figure 16: Current shield for the 
new tools 

Figure 17: Current shield 
Details 

Figure 18:Working current shield 
during deposition process 

 

 

Additional steps to solve the thickness distribution problem were: 

 Change of the size of the foil tools. Ref. Figure 19a 

 Change of the position of the copper anodes. Ref.  Figure 19b 

 Modification of the plating current from 0,5 A/dm² to 2 A/dm². Ref. Figure 19c. 

 

 

Figure 19: Changes during Production to level the foil thicknes 

 

For the production of the foils for the cell tests we used a two-step copper plating process. In the first step 

the macrostructure is applied and the base foil is deposited with a thickness of about 7-8 µm. In a second 

step the microstructure is applied by using a special copper bath which produces a lot of micro seeds that 

evolve into the microstructure. By changing the plating parameters the microstructure can be regulated. 

Ref. to Figure 20. 

  

a b c 
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Figure 20: final two step plating process for mass production. 

 

Evaluation and results 

The results of the performed characterizations and tests show improvements through the use of 3D-

structured foils in the following areas: 

 filling time, 

 wetting homogeneity of the electrodes, 

 cell capacity retention in cycling tests. 

 

The filling of the cells and the distribution of the electrolyte during the filling have been simulated and 

measured in the ELIBAMA project by Daimler. The following two diagrams show the distribution of the 

influence of elevated pressure and temperature and the structuring on the filling time reduction according 

to the developed simulation model. The effect of structured foils with respect to a reduction in filling time 

was about half the magnitude of the application of increased temperature and about one third of the effect 

of decreased pressure (Figure 21). Similarly with respect to wetting homogeneity across the electrode 

material the effect of the 3D-structure was roughly half of that of temperature and a quarter of the effect 

of decreased pressure. 

These results show the interesting potential for filling and wetting improvements which is based on the 

3D macro-structure of the produced copper foils. 
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Figure 21: comparison of the relative effect magnitude of pressure, temperature and micro fluid 

dynamic through 3D-structuring on the filling time of a cell, based on a simulation model  

 

 
Figure 22: comparison of the relative effect magnitude of pressure, temperature and micro fluid 

dynamic through 3D-structuring on the wetting homogeneity of a cell, based on a simulation model  

 

To determine the effects of the better wetting and of the use of the 3D-structured foils in whole on the 

performance of battery cells a number of 12 Ah cells have been built and tested in cycle tests. The first 

diagram shows the performance of the cells during the formation phase compared to the reference cells 

with conventional flat copper foil as current collectors. As can be seen from the diagram (Figure 23) the 

median cell capacity of the cells with structured foils is higher during the formation phase than that of the 

reference cells.  
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Figure 23: performance of test cells with 3D-structured copper foils and reference cells during the 

formation phase 

To further test the structured foils the cells were subjected to a cycle test and the capacity retention was 

determined over 300 cycles. In Figure 24 the overall picture is shown for that test. To better demonstrate 

the differences between the various cells this diagram has been modified a bit (Figure 25) with an 

enlarged capacity axis. 

 

 

Figure 24: performance of test cells with 3D-structured copper foils and reference cells during the 

cycle test 
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Figure 25: performance of test cells with 3D-structured copper foils and reference cells during the 

cycle test – detailed illustration with enlarged capacity axis 

 

Here the better capacity trends of two of the three cells with structured foils can be clearly seen. The third 

cell with structured copper foil performs as good as the best reference cell. However, a long time cycle test 

will be performed in the future to show the behavior of the various cells after several hundred or well over 

thousand cycles. The higher capacity is attributed to the better and more homogeneous wetting of the 

electrode material through the holes in the copper foil. 

The main results of all the performed tests with 3D-structured foils and cells containing these can be 

summarized as follows: 

 the filling time and the wetting homogeneity can be decreased by the macro-structure of the foils, 

 the adhesion of the active material is increased by the micro-structure of the foils, 

 the capacity retention in cycling tests is on average better with structured foils compared to 

conventional ones. 
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