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ABSTRACT

This study aims to fabricate Electro-Thermal Micro Actuator based on Micro Electro Mechanical
System (MEMS) with a 3D printer using Projection Micro Stereo Lithography (PuSL) technique. The
production of the actuator produced by traditional MEMS fabrication methods with a 3D printer has
been carried out in this study. The cost of traditional MEMS fabrication methods is high, and there are
many techniques to achieve the process. On the other hand, some methods have been developed to obtain
better quality and low-cost production as a parallel to the development of technology. One of these
methods is to use 3D printers employing the PuSL technique. By means of these printers, it is possible
to reduce both the cost and workload of the production process the MEMS systems. In this study, it is
investigated and stated that Nano level fabrication would be possible with 3D printers in the following
years. It can also be predicted that traditional MEMS production methods will be replaced by 3D printers
soon.

Keywords: 3D Printing, MEMS, Fabrication, PuSL,

1. INTRODUCTION

Due to the development of technology, many 3D printer technologies have developed. Many studies
have been done with 3D printer techniques. Educational studies [1,2], Fused Deposition Modeling
(FDM) technique studies [3], Selective laser sintering (SLS) technique studies [4], Powder Bed Fusion
(PBF) technique studies [5-7].

PuSL is a new 3D micro-production technology that allows the fabrication of layered and highly
sophisticated 3D microstructures. PuSL uses the most advanced digital micro-display technology with
digital and dynamic structures. By combining the advantages of conventional Stereo Lithography (SLA)
and projection lithography, this technique enables rapid photo-polymerization of the entire layer with
an Ultraviolet (UV) light at the micro-layer resolution. At the same time, as a digital dynamic mask, it
can control the light intensity at a single-pixel level. Furthermore, the materials can be easily changed
during the manufacturing process. A variety of functional material sets are available, including
polymers, sensitive hydrogels, shape memory polymers, bio-materials [8].

Although this technology is new, it is open to development. In the last few years, many studies have
been performed with this method. In the field of micro-optics [9-11], the micro biomedical field [12,13],
micro machines [14-16], and microfluid area [17-19] were studied. It is seen that all of these studies
were implemented with traditional MEMS fabrication methods. However, the method of PuSL based
3D writing has the most crucial advantage among these studies.

In this study, Electro-Thermal Micro Actuator was fabricated by using a PuSL technique based 3D
printer. It has been observed that the use of 3D printers in the MEMS field is possible with this study.
Considering that the variety of materials used in the PuSL method will increase in the coming years, it
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will be inevitable that the production of MEMS and NEMS devices with 3D printers will be much more
comprehensive.

2. PuSL TECHNIQUE

PuSL is a versatile and cost-effective process that can be used to rapidly generate ceramic products with
electrolysis or resin additives [20,21]. This method starts by creating a 3D structure using computer-
based design (CAD) software and then turns the structure into a set of mask images (digital mask).

The working principle of PuSL is shown in Figure 1. Each image represents a thin layer of the 3D
structure. During a production cycle, a single image is displayed on the reflective LCD panel. The image
on the LCD is cured to the hardened liquid surface. The whole layer (usually 5-30 um thick) is
polymerized. Once a layer has been solidified, it is re-immersed in the resin to allow a new thin layer of
liquid to form. Repeating the loop creates a 3D microstructure from a layer stack [22,23].

LCD MASK

UV LIGHT

Z- STAGE

CAD DESIGN 7
UV CURABLE
RESIN

Figure 1: PuSL working principle [21].

This method is used by many companies nowadays. Especially with the development of technology,
nanofabrication has become possible in a professional way. As shown in Figure 2, the NanoArch series
device of BMF Material Technology company is manufactured by the PuSL method [23].
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Figure 2: The NanoArch series device of BMF Material Technology company [23].

3. FABRICATION

3.1. Electro-Thermal Actuator Design

Design processes were carried out before going into fabrication processes. After the design process is
finished, our STL format with the 3D printer will be produced. Figure 3-a shows the 3D design of the
actuator. This design will be produced with a 3D printer. Since the right and left parts of the actuator are
symmetrical, the dimensioning is given as in Figure 3-b. All dimensions of the actuator are shown in
Table 1.
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Figure 3: a) CAD design of the actuator, b) Dimensioning of the Electro-Thermal Actuator with symmetrical
structure.
Table 1: The dimensions of the actuator

Parameter Symbol | Value | Unit
Hot Arm Length Ly 250 pm
Cold Arm Length L, 200 pm
Flexure Arm Length L¢ 100 pm
Actuator Gap Ly 7.5 pm
Hot Arm Width Wy 3 pm
Cold Arm Width W, 6 pm
Flexure Arm Width Wy 3 pm
Air Gap Thickness t, 4 um
Actuator Thickness t 3 pum
Thickness of Silicon ty 3 um

It is a polymer which is the conductive property of the material used in a 3D printer. All properties of
this material are shown in Table 2.
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Table 2: Physical properties of polymer material [22]

Parameter Symbol | Value Unit
Photosensitive  Resin | D 0.89 g/(cm?)
Density

Young’s Module E 0.9x10° GPa

Poisson Ratio v 0.89 -

Thermal Conductivity | k, 0.04x10™* | W.um™1.c1
Refractive index n 5.48 -

3.2. Fabrication of Electro-Thermal Actuator

For fabrication, the silicon wafer was coated with silicon nitride. Silicon nitride is known as the
sacrificial layer. So it is the soluble layer. After printing, this layer is removed with a liquid. Because
this step required more time and processing, the ready-made coated wafer was used. Then printed with
the 3D printer, as shown in Figure 4.
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Figure 4: Printing the Elecro Thermal Actuator on the silicon wafer

The produced actuator was taken with the camera of the 3D printer in Figure 5. As can be seen from the
image, successful results were obtained in the micro dimension.

Figure 5: Top view of fabricated Electro-Thermal Actuator obtained by 3D printer camera
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4. CONCLUSIONS

Many companies and organizations are conducting R & D studies because traditional MEMS fabrication
methods take considerable time, require many operations and high cost. Besides, professional personnel
is also required in traditional MEMS fabrication. Because some operations are quite tricky, all these
negative reasons have led to the development of some techniques. In particular, studies on 3D printers
are increasing day by day. Until a few years ago, the production of MEMS with 3D printers was only
possible in theory.

In this study, Electro-Thermal Micro Actuator was produced by using PuSL based 3D printer.
Production of MEMS with 3D printers is very advantageous in terms of time, process, and cost. There
is also no need for professional personnel due to being a single device. When the experimental studies
are examined, it is seen that 3-micron length structures are produced very clearly.

With this study, it was concluded that nano level fabrication would be possible with 3D printers in the
following years. It is also claimed that 3D printers will replace traditional MEMS production methods.

ACKNOWLEDGMENT

This study was supported by Marmara University Scientific Research Projects Commission with project
number FEN-C-DRP-101018-0536. This study was summarized at the conference called 4th
International Congress on 3D Printing (additive manufacturing) Technologies and Digital Industry.

REFERENCES

1. stoy, K. Ug Boyutlu (3B) Yazici Teknolojisinin Egitimde Uygulanabilirligi: Senirkent MYO Ornegi. Diizce
Universitesi Bilim ve Teknoloji Dergisi, Volume 7, Issue 2, Pages 111-123, 2019.

2. Lapeyre, M., Rouanet, P., Grizou, J., Nguyen, S., Depraetre, F., Le Falher, A., & Oudeyer, P. Y. (2014,
September). Poppy project: open-source fabrication of 3D printed humanoid robot for science, education and
art.

3. Ozsoy K., Kayacan M. C., Ergiyik Biriktirme Y®&ntemiyle Hafifletilmis Kisiye Ozel Kafatas1 implantin Hizl
Prototiplenmesi”, Uluborlu Mesleki Bilim. Derg., cilt. 1, say1 1, ss. 1-11, Ara. 2018.

4. Kayacan, M. C., Delikanli, Y. E., Duman, B., & (")zsoy, K. Ti6Al4v toz alasimi kullanilarak SLS ile iiretilen
gecisli (degisken) gdzenekli numunelerin mekanik 6zelliklerinin incelenmesi. Gazi Universitesi Miihendislik-
Mimarlik Fakiiltesi Dergisi, Vol. 33, Say1 1, Sayfa 127-143,2018.

5. Kayacan, M. Y., Ozsoy, K., Duman, B., Yilmaz, N., & Kayacan, M. C. A study on elimination of failures
resulting from layering and internal stresses in Powder Bed Fusion (PBF) additive manufacturing. Materials
and Manufacturing Processes, Vol 34, Issue 13, Pages 1467-1475,20109.

6. Fox, J. C., Moylan, S. P., & Lane, B. M. (2016). Effect of process parameters on the surface roughness of
overhanging structures in laser powder bed fusion additive manufacturing. Procedia Cirp, 45, 131-134.

7. Hossain, M. S., Gonzalez, J. A., Hernandez, R. M., Shuvo, M. A. |., Mireles, J., Choudhuri, A., ... & Wicker,
R. B. (2016). Fabrication of smart parts using powder bed fusion additive manufacturing technology. Additive
Manufacturing, 10, 58-66.

8. Fang, Nicholas. "Projection Microstereolithography". Department of Mechanical Science & Engineering,
University of Illinois. April 2015

9. Sun, C,, et al. "Projection micro-stereolithography using digital micro-mirror dynamic mask." Sensors and
Actuators A: Physical121.1 Pages 113-120, 2005.

10. Limaye, A. S., and David W. Rosen. "Process planning method for mask projection micro-
stereolithography." Rapid Prototyping Journal VVol.13 Issue 2 , Pages 76-84,2007.

11. Zheng, Xiaoyu, et al. "Design and optimization of a light-emitting diode projection micro-stereolithography
three-dimensional manufacturing system." Review of Scientific Instruments Vol. 83, Issue 12, 125001, 2012.

42


http://nano-cemms.illinois.edu/media/uploads/content/111/files/microstereolithography.20101112082545.pdf

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ertugrul vd., / INTERNATIONAL JOURNAL OF 3D PRINTING TECHNOLOGIES AND DIGITAL INDUSTRY 4:1 (2020) 38-43

Skoog, Shelby A., Peter L. Goering, and Roger J. Narayan. "Stereolithography in tissue engineering." Journal
of Materials Science: Materials in Medicine Vol. 25, Issue 3, Pages 845-856, 2014.

Han, Li-Hsin, et al. "Projection microfabrication of three-dimensional scaffolds for tissue
engineering." Journal of Manufacturing Science and Engineering 130.2 (2008): 021005.

Choi, Jae-Won, et al. "Cure depth control for complex 3D microstructure fabrication in dynamic mask
projection micro stereolithography." Rapid Prototyping Journal Vol. 15. Issue 1 (2009): 59-70.

Ulkir, O , Ertugrul, 1 . (2020). Mikro Kiris Uzunlugu Degisiminin Deformasyona Etkisinin Arastirilmasi.
Avrupa Bilim ve Teknoloji Dergisi , (18) , 136-141. DOI: 10.31590/ejosat.672464

Ertugrul, I , Ulkir, O . (2020). MEMS Tabanli Mikro Rezonatdriin Tasarimi ve Analizi. Avrupa Bilim ve
Teknoloji Dergisi , (18) , 25-29 . DOI: 10.31590/ejosat.676368

Rogers, Chad 1., et al. "3D printed microfluidic devices with integrated valves." Biomicrofluidics Vol. 9. Issue
1 016501. 2015.

Lee, Michael P, et al. "Development of a 3D printer using scanning projection stereolithography." Scientific
Reports 5, 9875, 2015.

Ertugrul, N. Akkus, H. Yuce, Fabrication of bidirectional electrothermal microactuator by two-photon
polymerization. Materials and Technology. Vol. 53 Issue 5, Pages 665-670,2019.

Fang, Nicholas. "Projection Microstereolithography™. Department of Mechanical Science & Engineering,
University of Illinois. April 2015

Nanophotonics, http://web.mit.edu/nanophotonics/projects/pusl.htm , 29 Aralik, 2019

Baker, Evan, et al. "Microstereolithography of three-dimensional polymeric springs for vibration energy
harvesting." Smart Materials Research , 2012 (2012).

BMFTEC, http://bmftec.com/, 29 Aralik, 2019

43


http://nano-cemms.illinois.edu/media/uploads/content/111/files/microstereolithography.20101112082545.pdf
http://web.mit.edu/nanophotonics/projects/pusl.htm
http://bmftec.com/

