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Abstract: We report the realization of metallic 3D microstructures, electroplated in two-photon
polymerized molds. These molds are typically 150 × 150 × 30 µm3 in size and the smallest feature
size is about 1 µm. After the electroplating process, the mold is removed by means of CF4/O2 etching
(1 h). The vertical electroplating growth is about two times higher than the horizontal growth, which
creates voids. A new design to prevent voids was tested where the pores were arranged at a 35◦ angle
to the chip surface. The remaining structures consisted of a copper base with a palladium finish, or of
pure palladium. They were analyzed through SEM and were shown to be a good reproduction of the
mold design, resulting in metallic porous structures with a specific surface area of about 6 mm2/mm2.

Keywords: two-photon polymerization; 2PP; electroplating; porous structure; catalyst support

1. Introduction

Recently, the first trials to create small metallic structures by means of electroplating
in two-photon polymerized (2PP) molds were conducted [1]. The mold is etched after the
completion of the electroplating process and a final metallic porous structure is obtained.
Possible applications include catalytic reactions and energy storage devices [2]. The 2PP
process allows the design of very fine structures (~200 nm) resulting in materials with a
pore size in the nano/micro scale [1,2].

We investigate the use of polymeric molds for the realization of void-free 3D metallic
structures that are covered with, or based on, active metals (Pd). In addition, we apply a
fast process to remove the mold after the electroplating process.

2. Materials and Methods

For the realization of the porous metal structures, different pore shapes (squares,
circles, and honeycombs) were considered. We calculated that when placing the pores in all
directions perpendicular to the surfaces of a rectangle block (150 µm × 150 µm × 30 µm),
the square-shaped pores with the smallest size possible (2 to 10 µm) show the highest result-
ing surface area (up to six times larger compared to the plane surface, about 6 mm2/mm2).
As the mold material we used IP-Dip, as we observed that compared to IP-S, it can be
more easily removed after electroplating. The chip was based on a borosilicate glass wafer
(Figure 1). A layer of gold (100 nm) was used for contact leads and the seed material for
the electroplating process. A passivation layer of OrmoComp was used in areas where
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plating was not intended. For the electroplating process, the chips were cleaned in oxy-
gen plasma and then immersed in a metallic electrolyte solution (NB Semiplate Cu 100
and NB Semiplate Pd 200) and the contacts pads were connected to the current source
(Cu—20 mA/cm2 for 60 min, Pd—5 mA/cm2 for 10 min to obtain a finish layer over Cu,
and 90 min for complete Pd structure). The horizontal plating rate was observed to be
lower than the vertical rate, creating voids. To prevent voids, the width of the pore to be
filled with the metal was increased (the pore resulting after the polymer etch was 50%
of the distance between the pores) (Figure 2a). In addition, we designed a new structure
where the pores were arranged at a 35◦ angle to the chip so the plating rate was equal in all
directions. Figure 2c shows that this idea provides the desired structures. To etch away the
polymer mold, oxygen plasma and CF4/O2 plasma were tested and yielded removal times
of 10 h and 1 h, respectively.
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Figure 1. Borosilicate glass chip: Cr/Au metallic layers, and OrmoComp as a passivation layer. 
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Figure 2. The SEM images (a,c) show Cu/Pd and Pd-electroplated structures, respectively, after the 
removal of the polymer mold. (b) A FIB cut realized in the structure in (a) after the electroplating 
process with Pd (white layer). (d) A FIB cut realized in (c). 

3. Discussion  
We investigated two methods to realize Pd structures. In the first, Cu structures were 

realized, and after the removal of the polymer, a second electroplating step was performed 
to obtain a Pd finish (330 nm) (Figure 2a,b). In the second, pure Pd structures were realized 
(Figure 2c). In Figure 2d, it can be seen through the FIB cut that one hour with CF4/O2 reactive 
ion etching was enough to remove all of the polymer. As a conclusion, we successfully inte-
grated engineered microstructures with a highly active material (Pd) on glass chips. 
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Figure 2. The SEM images (a,c) show Cu/Pd and Pd-electroplated structures, respectively, after the
removal of the polymer mold. (b) A FIB cut realized in the structure in (a) after the electroplating
process with Pd (white layer). (d) A FIB cut realized in (c).

3. Discussion

We investigated two methods to realize Pd structures. In the first, Cu structures
were realized, and after the removal of the polymer, a second electroplating step was
performed to obtain a Pd finish (330 nm) (Figure 2a,b). In the second, pure Pd structures
were realized (Figure 2c). In Figure 2d, it can be seen through the FIB cut that one hour with
CF4/O2 reactive ion etching was enough to remove all of the polymer. As a conclusion, we
successfully integrated engineered microstructures with a highly active material (Pd) on
glass chips.

Author Contributions: Conceptualization and writing, A.L.S.F., S.R., F.B., L.H., K.F. and M.J.V.
validation F.B., L.H., K.F., A.L.S.F. and S.R. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.



Proceedings 2024, 97, 89 3 of 3

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created.

Conflicts of Interest: The authors declare no conflicts of interest. The company NB Technologies
GmbH declares no potential commercial interests in the results.

References
1. Piazza, A.; Wu, Q.; Mentor, S.N.F.; Kommera, S.; Mentor, I.; Ricco, T. Electroplated, Porous, 3D Metallic Structures Using Sacrificial

Two-Photon Lithography (Nanoscribe) Templates; Research Report, ENGR241, SNF; Stanford University: Stanford, CA, USA, 2020.
2. Ahn, J.; Hong, S.; Shim, Y.S.; Park, J. Electroplated functional materials with 3D nanostructures defined by advanced optical

lithography and their emerging applications. Appl. Sci. 2020, 10, 8780. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/app10248780

	Introduction 
	Materials and Methods 
	Discussion 
	References

