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Selective Ni Electroless Deposition on Femtosecond Laser-Patterned  
Polytetrafluoroethylene-Coated Anodized AA7075

Aluminum heat sinks are widely used in semiconductor and electrical applications because anodizing enhances both chemical 
stability and thermal performance. However, their rigid form can lead to adhesion failures and limits their integration into flexible or 
miniaturized devices. To address these challenges, this work presents a conceptual demonstration of integrating electrodes directly 
onto an anodized aluminum heat sink via surface patterning. First, AA7075 substrates were anodized under varying voltages (3 V 
and 8 V) and process schemes (one‐step vs. two‐step) to identify conditions that optimize pore formation. Next, a hydrophobic 
PTFE polymer layer was spin‐coated onto the two‐step, 8 V‐anodized surface, achieving a contact angle exceeding 100°. Selective 
femtosecond laser patterning was then used to locally restore hydrophilicity, and electroless Ni plating from an MPN 5A bath ena-
bled precise Ni electrode patterning on the anodized aluminum. Finally, plating time optimization (5 min vs. 10 min) demonstrated 
that a 5 min deposition produces the most well‐defined electrode features. These results demonstrate the feasibility of selective 
electroless plating on anodized AA7075 surfaces.
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1. Introduction

Heat sink materials are essential for effectively managing 
the heat generated by electronic devices. Aluminum is an ex-
cellent heat-dissipation material because of its relatively high 
thermal conductivity. Among aluminum alloy series, AA7075 
(Al – 5.6 wt.% Zn, 2.5 wt.% Mg, 1.6 wt.% Cu) is well known 
for its thermal conductivity of ~130 W m⁻¹ K⁻¹, which is higher 
than that of typical 1xxx or 6xxx series alloys, making it suit-
able as a heat-sink material. The Zn and Mg contents promote 
uniform pore formation and mechanical robustness in the anodic 
oxide, while Cu improves adhesion of the oxide layer to the 
aluminum substrate. To improve chemical stability, aluminum 
is commonly anodized to form a robust Al2O3 barrier layer that 
protects against oxidation and wear [1]. However, conventional 
heat sinks remain rigid and require separate bonding of electrodes 
or sensors, which can introduce interfacial thermal resistance and 
adhesion issues in flexible or miniaturized devices [2]. Forming 
electrodes and components directly on an anodized aluminum 
substrate can address these limitations. Electrode formation on 
a substrate is typically achieved through patterning techniques, 

and various studies have explored electrode patterning. For 
example, Yang et al. deposited electrode patterns using screen 
printing, [3] but screen printing has limitations in resolution 
and coverage, making it difficult to apply to anodic oxide films. 
Additionally, Kim et al. utilized photolithography to pattern 
SnO₂, achieving interfacial stability, [4] but photolithography 
requires multiple time-consuming steps, including masking and 
wet etching. More recently, Jha et al. demonstrated electroless 
Ni patterning by directing a laser beam onto palladium acetate 
sealed within anodized layers [5]. In this study, we present a con-
ceptual demonstration of direct electrode integration on anodized 
aluminum through surface-energy–driven patterning. First, 
a thin PTFE layer is applied to render the entire Al₂O₃ surface 
hydrophobic. A focused laser then selectively ablates the PTFE, 
locally restoring hydrophilicity in the patterned regions. Finally, 
solution-based electroless Ni plating deposits conductive traces 
only within the laser-activated motifs. This mask-free approach 
eliminates complex lithography or transfer processes and enables 
low-profile, conformal electrode networks directly on anodized 
heat sinks for flexible electronics and microelectromechanical 
systems (MEMS) applications.
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2. Experimental

2.1. Sample fabrication

A 25 mm × 25 mm AA7075 plate was used as the substrate. 
The substrate was first degreased by alkaline cleaning for 30 s 
and then immersed in 1-M KOH solution for the same duration. 
Subsequently, anodizing of the AA7075 plate was carried out in 
sulfuric acid solutions of different concentrations (10, 20, and 
30 wt.%) under various applied voltages (3, 8, and 13 V). For 
additional two-step anodizing, the samples were immersed in 
1 M KOH for 10 min and then in 20 wt% HNO₃ for 5 min after 
the first anodizing step, followed by re-anodizing in a sulfuric 
acid solution. Afterward, a PTFE solution was spin-coated onto 
the anodized AA7075 surface and the coated samples were heat-
treated at 150°C for 30 min. Laser patterning was conducted 
using a femtosecond Yb:YAG laser with a pulse duration of 350 
fs. Finally, electroless nickel plating was performed on the laser-
patterned areas using a commercial medium-phosphorus electro-
less Ni solution (MPN 5A, KPM Tech, Korea; ≈5 wt.% P) at pH 
4.5-4.7 and 80°C with magnetic stirring at 300 rpm for 5-10 min.

2.2. Sample analysis

The surfaces of AA7075 after one-step and two-step ano-
dizing were analyzed using field-emission scanning electron 
microscopy (FE-SEM, JSM-IT700HR, JEOL, Japan). Surface 
morphologies of the aluminum and coating layers were obtained 
using a secondary electron detector at an accelerating voltage of 
15 kV. Elemental maps of Al and Ni after Ni deposition were also 
acquired using an Oxford Instruments EDS detector. Changes in 
pore density after the additional anodizing step were evaluated, 
and pore density was quantified using ImageJ software. The 
surface hydrophobicity of the PTFE-coated and anodized sam-
ples was measured using a contact angle analyzer (Phoenix 300, 
Korea) with a drop volume of 1 μL and the instrument’s built-in 
analysis software. The presence of the PTFE coating on the ano-
dized AA7075 surface was confirmed by energy-dispersive X-ray 

spectroscopy (EDS) and Fourier-transform infrared spectroscopy 
(FT-IR, Nicolet iS20, Thermo Scientific, USA). ATR-FTIR 
spectra (3200-400 cm⁻¹) were acquired using a Smart iTR™ 
single-reflection diamond ATR accessory (1.5 mm crystal, 42° 
incidence, ~2 μm penetration depth) by pressing each Al sample 
(~1 N) onto the crystal with the integrated pressure arm.

3. Results and discussion

3.1. Surface Morphology of anodized AA7075 

Fig. 1 illustrates the sample fabrication process for selec-
tive electroless Ni deposition on PTFE-coated AA7075 that 
was patterned using a femtosecond laser. After degreasing, 
pores were formed on the surface when AA7075 was anodized 
in a sulfuric acid solution. Compared with other electrolytes 
(CrO3, H2C2O4, and H3PO4), sulfuric acid produced a more 
uniform pore structure.[6] Subsequently, a hydrophobic surface 
was created by spin-coating PTFE onto the anodized surface. 
Selected areas were then exposed to a femtosecond laser, which 
is known to be well suited for precise patterning without gen-
erating a heat-affected zone [7]. Anodizing AA7075 also offers 
the advantage of increasing the surface area. To investigate the 
effect of anodizing conditions, anodizing was performed under 
different voltages (3, 8, and 13 V) and sulfuric acid concentra-
tions (10, 20, and 30 wt.%). The resulting surfaces of anodized 
AA7075 are shown in Fig. 2. The images in the leftmost column 
correspond to AA7075 anodized in 10 wt.% H₂SO₄, exhibiting 
a dark-blue appearance, whereas samples treated at higher acid 
concentrations displayed progressively grayish surfaces. Figs. 2a, 
2d, and 2g show the dimples and pores formed on the anodized 
surface, and a higher sulfuric acid concentration resulted in 
a greater number of dimples and pores. Similar increases in pore 
density with increasing sulfuric acid concentration were reported 
by Pei et al. [8]. In addition, higher anodizing voltages led to 
the formation of more pores on the anodized AA7075 surface. 
However, when AA7075 was anodized at 13 V in a 30 wt.% 
sulfuric acid solution, burning occurred and cracks developed 

Fig. 1. Process for selective electroless nickel plating after femtosecond laser patterning on PTFE-coated AA7075
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across the surface. Chung et al. reported similar crack forma-
tion caused by severe anodizing reactions in high-concentration 
sulfuric acid solutions [9].

Increasing the regularity of pores can lead to more ef-
ficient heat dissipation. Furthermore, Gonzalez et al. reported 
that ordered anodizing can improve corrosion resistance [10]. 
To enhance pore regularity, a two-step anodizing process with 

an additional oxide-removal step was employed. Masuda et al. 
previously demonstrated that forming a concave “seed” layer 
and removing the anodic oxide after the first anodizing step 
results in more regular pore ordering during the second anodiz-
ing step [11]. Based on this concept, we compared the surface 
morphologies obtained from one-step and two-step anodizing 
of AA7075 (Fig. 3).

Fig. 2. SEM images of aluminum samples anodized at different voltages. a), b), c) Surfaces of samples anodized at 3 V in sulfuric acid solutions 
with concentrations of 10%, 20%, and 30%, respectively; d), e), f) Surfaces of samples anodized at 8 V in sulfuric acid solutions with concentra-
tions of 10%, 20%, and 30%, respectively; g), h), i) Surfaces of samples anodized at 13 V in sulfuric acid solutions with concentrations of 10%, 
20%, and 30%, respectively

Fig. 3. Surface morphology of one-step VS two-step anodized AA7075. a) Sample anodized at 8 V in a 10% sulfuric acid solution (one-step 
anodizing); b) Sample anodized at 8 V in a 20% sulfuric acid solution (one-step anodizing); c) Sample anodized at 8 V in a 30% sulfuric acid 
solution (one-step anodizing); d) Sample anodized at 8 V in a 10% sulfuric acid solution (two-step anodizing); e) Sample anodized at 8 V in a 20% 
sulfuric acid solution (two-step anodizing); f) Sample anodized at 8 V in a 30% sulfuric acid solution (two-step anodizing)
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After one-step anodizing, an irregular surface containing 
large dimples and small pores was observed (Figs. 3a-3c). The 
formation of large dimples may be attributed to the intercon-
nection or coalescence of adjacent pores [12]. In contrast, the 
surfaces of the two-step anodized samples showed fewer dimples 
than those anodized in a single step. In addition to the improved 
pore regularity, the two-step anodized AA7075 samples exhibited 
a higher pore density when anodized at 8 V within the sulfuric 
acid concentration range of 10-30 wt.%.

3.2. Hydrophobicity of PTFE-Coated Anodized AA7075

TFE was selected as the hydrophobic coating material for 
anodized AA7075. Ruan et al. confirmed the mechanical stabil-
ity and hydrophobicity of PTFE films [13]. The PTFE film was 
deposited onto the anodized AA7075 surface by spin coating and 
subsequently heat-treated on a hot plate at 150°C for 30 min to 
promote solvent evaporation and film stabilization. The presence 

of the PTFE layer was confirmed by FE-SEM, EDS, and FT-IR 
analyses. In the SEM images, the PTFE domains appeared as cir-
cularly dispersed features on the anodized surface. EDS spectra 
showed peaks corresponding to C and F, the constituent elements 
of PTFE. In addition, the PTFE coating was verified by identify-
ing characteristic C–F vibrations in the FT-IR spectra. IR peaks 
were observed near 1200 cm⁻¹ and 600 cm⁻¹, corresponding to 
CF₂ stretching and C–C/C–F deformation modes, respectively 
[14] (Fig. 4). Subsequently, laser processing was performed on 
the surfaces of the PTFE-coated, anodized AA7075 samples. 
After laser irradiation, the grayish anodized surface became ex-
posed in the regions that had previously been covered with white 
PTFE. To verify the change in wettability, the contact angle of 
the laser-treated areas was measured. The contact angle provides 
information about surface wettability, and hydrophilicity is gov-
erned by both surface morphology and surface chemistry. Wan 
et al. reported that laser exposure of metal surfaces can generate 
nanofibrous features on the surface [15]. Consistent with this, 
the laser-treated regions of the PTFE-coated surface exhibited 

Fig. 4. PTFE confirmation using EDS and FT-IR. a) EDS image of the PTFE-coated surface on anodized AA7075 sample; b) FT-IR results of 
the PTFE-coated anodized AA7075 sample

Fig. 5. Contact angle, surface morphology, and EDS analysis results of PTFE-coated, laser-treated anodized AA7075 samples: a) Contact angles 
of anodized AA7075 samples laser-treated at 2W (10%), 3W (15%), 4W (20%), and 6W (30%) after PTFE coating; b) Anodized AA7075 samples 
laser-treated at 2W, 3W, 4W, and 6W after PTFE coating; c) FE-SEM images of anodized AA7075 samples laser-treated at 2W, 3W, 4W, and 6W 
after PTFE coating; d) EDS result of anodized AA7075 samples laser-treated at 2W, 3W, 4W, and 6W after PTFE coating
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a thread-like morphology. Hydrophilic surfaces were obtained 
by irradiating the PTFE-coated areas with a laser power of 2 W 
(10%). When the laser power was increased to 6 W (30%), the 
contact angle of the laser-treated surface decreased to nearly 0°, 
indicating complete wettability (Fig. 5). This behavior may be 
related to the transformation of the surface morphology into a 
thread-like structure as the laser power increases. Contact angle 
images for AA7075 samples with and without PTFE coating and 
laser treatment are shown in Fig. 6. The average contact angle of 
the untreated AA7075 surface was 52° (Fig. 6a). After two-step 
anodizing, however, the surface became hydrophilic regardless of 
the anodizing voltage (Figs. 6b and 6c). Hydrophilicity, which is 
associated with surface energy, is largely determined by surface 
polarity. During anodizing, oxygen-containing bonds form on 
the surface, markedly reducing the contact angle. In contrast, the 
PTFE-coated surface exhibited hydrophobicity irrespective of 
the anodizing voltage (3 or 8 V). When two-step anodizing was 
conducted at the higher voltage (8 V), smaller and more regularly 
arranged pores were formed, allowing the PTFE film to pack 
more densely and thereby increasing the average contact angle 
from 86° to 111° (Figs. 6d and 6e). The PTFE-coated surface 
showed low polarity due to the presence of C–F bonds. However, 
when the surface was irradiated with a 6 W laser, hydrophilicity 
was restored (Fig. 6f). In the laser-patterned regions, the exposed 
anodized surface became hydrophilic because the surface polarity 
increased owing to oxygen bonding [16]. This approach enabled 

the creation of coexisting hydrophobic and hydrophilic regions 
on the same anodized AA7075 surface (Fig. 6g).

3.3. Selective Electroless Nickel Plating  
on Anodized AA7075

Fig. 7 shows the laser setup used for patterning the 
PTFE-coated AA7075 surface. Grid-shaped laser lines with 
spacings of 120 μm and 160 μm were successfully fabricated 
on the PTFE-coated, anodized AA7075. After the PTFE-coated 
areas were patterned into rectangular or linear features with 
a width of 200 μm, Ni was deposited by electroless plating. 
The fundamental mechanism of electroless Ni plating involves 
the reduction of Ni²⁺ ions to metallic Ni through the oxidation 
of hypophosphite, during which hydrogen is generated and pro-
motes the reduction reaction [17]. Because the laser-patterned 
areas were rendered hydrophilic, Ni selectively deposited on 
these regions. After 5 min of electroless plating, the Ni-deposited 
areas were clearly distinguishable from the surrounding PTFE-
coated regions (Figs. 7b and 7d). However, when the electroless 
plating time exceeded 10 min, lateral overplating occurred and Ni 
spread beyond the intended patterned area (Fig. 7c). Therefore, 
the optimal electroless deposition time was determined to be 
5 min. Similar behavior was reported by Jha et al., who observed 
lateral diffusion of electroless Ni when the immersion time was 

Fig. 6. Contact angle measurement results of a) Untreated AA7075 (no anodization); b) AA7075 sample anodized in two steps at 3 V; c) AA7075 
sample anodized in two steps at 8 V; d) AA7075 sample anodized in two steps at 3V and then coated with PTFE; e) AA7075 sample anodized 
in two steps at 8V and then coated with PTFE; f) AA7075 sample anodized in two steps at 8V, coated with PTFE, and then irradiated with 30% 
laser power; g) Image of hydrophobic and hydrophilic patterns obtained through laser treatment on PTFE-coated, anodized AA7075; h) Image 
of contact angle measurement setup; i) Contact angle graph of untreated AA7075, anodized in two steps at 3 V with PTFE coating, and anodized 
in two steps at 8 V with PTFE coating



298

prolonged [5]. The selective Ni deposition approach presented in 
this study can be a promising option for industrial applications. 
By combining laser scanning with PTFE-based surface energy 
control, the method can be extended to semiconductor packaging 
and electromagnetic interference (EMI) shielding applications. 
Moreover, because electroless Ni plating is already an established 
industrial process, integration of this surface-patterning strategy 
into existing plating lines should be feasible.

4. Conclusion

In this study, we have demonstrated the direct formation 
of patterned Ni electrodes on anodized AA7075, a material that 
can be used as a heat sink. First, a high-density porous anodized 
surface was achieved through a two-step anodizing process. 
A hydrophobic surface was then obtained by PTFE spin coating 
and thermal drying. Anodizing at a higher voltage (8 V), followed 
by PTFE coating, increased the surface contact angle. Finally, 
selective Ni deposition was successfully achieved on the ano-
dized AA7075 samples in the laser-activated hydrophilic regions 
via electroless Ni plating. These results confirm the feasibility 
of a fully solution-based electrode patterning route that relies 
on spin coating, laser activation, and electroless deposition, and 
can be extended to the fabrication of various electrode architec-
tures. In future work, corrosion analyses will be conducted to 
comprehensively evaluate the corrosion resistance of anodized 
aluminum films with patterned electrodes. In addition, environ-
mental and durability tests – such as salt spray and temperature 
cycling – will be performed to assess the long-term stability of 
the patterned Ni electrodes.
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