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Abstract:



3D printing and bioprinting have advanced significantly in printing resolution in recent years, which presents a great potential for fabricating small and complex features suitable for microelectromechanical systems (MEMS) with new functionalities. This special issue aims to give a glimpse into the future of this research field.
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3D printing, also known as rapid prototyping or additive manufacturing, is a family of layer-by-layer fabrication processes [1]. Some well-established processes for printing polymers include stereolithography [2], polyjet [3], fused deposition modeling [4], selective laser sintering [5], and binder jetting [6]. Other processes typical for powder-based ceramic printing or metal printing include selective laser melting and electron beam melting [7,8,9]. However, since metal printing is relatively new, their process mechanisms are still under investigation [10]. Recent new processes joining the 3D printing family include bioprinting [11,12] and 4D printing [13,14], which expanded the applications of 3D printing towards printing of living materials and smart materials.



All 3D printing technologies share a common process chain, which starts with an advanced custom model in computer, such as NURBS-based volumetric model in the case of biomedical objects [15], followed by converting the model to an interface recognized by 3D printers. A commonly used interface is the stereolithography (STL) model, though there are many other interfaces available [16]. Generally, the STL model is checked for errant faces before being sliced into many layers and sent to the 3D printer for fabrication. Depending on the material required in the final application, 3D printed parts can be used directly or indirectly [4,17]. Indirect use means that the part is used as an intermediate mold for the final part. Both direct and indirect approaches could be relevant in making new MEMS devices, subject to the feature size.



Among all 3D printing processes, inkjet printing and direct laser writing present the highest resolution achievable, with the smallest feature size ranging from a few hundred micrometers down to a few hundred nanometers [18]. This provides a resolution basis for direct or indirect printing of MEMS devices. Regarding materials, direct laser writing has a similar range compared to inkjet printing [19], but generally inkjet printing is able to print multiple materials in a single layer [20]. Therefore, for MEMS components with ultrafine features, direct laser writing is better, while inkjet printing could be used to print assemblies of multi-material components on various surfaces.



In this short but timely special issue, two reviews and two research articles are included. Lau and Shrestha reviewed current developments in inkjet printing of MEMS devices and they suggested that inkjet printing is well suited for printing two-dimensional or surface MEMS devices from a small unit to an array over a large area [21]. Mao et al. reviewed the principles and the recent advances of high-resolution 3D printing techniques and provided a complete landscape of these exciting developments [22]. Liu et al. presented a study on the effect of 3D nanofiber bundles on the morphology and contraction of cardiac cells [23]. Finally, Tran et al. reported an inkjet-printed alternating current (AC) electrokinetic device with the smallest feature size of 60 μm [24].






References


	1. 
Chua, C.K.; Leong, K.F. 3d Printing and Additive Manufacturing: Principles and Applications, 5th ed.; World Scientific: Singapore, 2017. [Google Scholar]

	2. 
Leong, K.F.; Chua, C.K.; Chua, G.S.; Tan, C.H. Abrasive jet deburring of jewellery models built by stereolithography apparatus (SLA). J. Mater. Process. Technol. 1998, 83, 36–47. [Google Scholar] [CrossRef]

	3. 
Dikshit, V.; Nagalingam, A.P.; Yap, Y.L.; Sing, S.L.; Yeong, W.Y.; Wei, J. Investigation of quasi-static indentation response of inkjet printed sandwich structures under various indenter geometries. Materials 2017, 10, 290. [Google Scholar] [CrossRef]

	4. 
Lee, C.W.; Chua, C.K.; Cheah, C.M.; Tan, L.H.; Feng, C. Rapid investment casting: Direct and indirect approaches via fused deposition modelling. Int. J. Adv. Manuf. Technol. 2004, 23, 93–101. [Google Scholar]

	5. 
Cheah, C.; Leong, K.; Chua, C.; Low, K.; Quek, H. Characterization of microfeatures in selective laser sintered drug delivery devices. Proc. Inst. Mech. Eng. Part H J. Eng. Med. 2002, 216, 369–383. [Google Scholar] [CrossRef] [PubMed]

	6. 
Vaezi, M.; Chua, C.K. Effects of layer thickness and binder saturation level parameters on 3D printing process. Int. J. Adv. Manuf. Technol. 2011, 53, 275–284. [Google Scholar] [CrossRef]

	7. 
Sing, S.L.; An, J.; Yeong, W.Y.; Wiria, F.E. Laser and electron-beam powder-bed additive manufacturing of metallic implants: A review on processes, materials and designs. J. Orthop. Res. 2016, 34, 369–385. [Google Scholar] [CrossRef] [PubMed]

	8. 
Yap, C.Y.; Chua, C.K.; Dong, Z.L.; Liu, Z.H.; Zhang, D.Q.; Loh, L.E.; Sing, S.L. Review of selective laser melting: Materials and applications. Appl. Phys. Rev. 2015, 2, 041101. [Google Scholar] [CrossRef]

	9. 
Sing, S.L.; Yeong, W.Y.; Wiria, F.E.; Tay, B.Y.; Zhao, Z.; Zhao, L.; Tian, Z.; Yang, S. Direct selective laser sintering and melting of ceramics: A review. Rapid Prototyp. J. 2017, 23, 611–623. [Google Scholar] [CrossRef]

	10. 
Loh, L.-E.; Chua, C.-K.; Yeong, W.-Y.; Song, J.; Mapar, M.; Sing, S.-L.; Liu, Z.-H.; Zhang, D.-Q. Numerical investigation and an effective modelling on the selective laser melting (SLM) process with aluminium alloy 6061. Int. J. Heat Mass Transf. 2015, 80, 288–300. [Google Scholar] [CrossRef]

	11. 
Ng, W.L.; Lee, J.M.; Yeong, W.Y.; Naing, M.W. Microvalve-based bioprinting–process, bio-inks and applications. Biomater. Sci. 2017, 5, 632–647. [Google Scholar] [CrossRef] [PubMed]

	12. 
Lee, J.M.; Yeong, W.Y. A preliminary model of time-pressure dispensing system for bioprinting based on printing and material parameters. Virtual Phys. Prototyp. 2015, 10, 3–8. [Google Scholar] [CrossRef]

	13. 
Khoo, Z.X.; Teoh, J.E.M.; Liu, Y.; Chua, C.K.; Yang, S.; An, J.; Leong, K.F.; Yeong, W.Y. 3D printing of smart materials: A review on recent progresses in 4D printing. Virtual Phys. Prototyp. 2015, 10, 103–122. [Google Scholar] [CrossRef]

	14. 
Leist, S.K.; Zhou, J. Current status of 4d printing technology and the potential of light-reactive smart materials as 4D printable materials. Virtual Phys. Prototyp. 2016, 11, 249–262. [Google Scholar] [CrossRef]

	15. 
Ma, D.; Lin, F.; Chua, C. Rapid prototyping applications in medicine. Part 1: Nurbs-based volume modelling. Int. J. Adv. Manuf. Technol. 2001, 18, 103–117. [Google Scholar] [CrossRef]

	16. 
Jacob, G.G.; Kai, C.C.; Mei, T. Development of a new rapid prototyping interface. Comput. Ind. 1999, 39, 61–70. [Google Scholar] [CrossRef]

	17. 
Chua, C.; Feng, C.; Lee, C.; Ang, G. Rapid investment casting: Direct and indirect approaches via model maker II. Int. J. Adv. Manuf. Technol. 2005, 25, 26–32. [Google Scholar] [CrossRef]

	18. 
Lee, J.Y.; Tan, W.S.; An, J.; Chua, C.K.; Tang, C.Y.; Fane, A.G.; Chong, T.H. The potential to enhance membrane module design with 3D printing technology. J. Membr. Sci. 2016, 499, 480–490. [Google Scholar] [CrossRef]

	19. 
Selimis, A.; Mironov, V.; Farsari, M. Direct laser writing: Principles and materials for scaffold 3D printing. Microelectron. Eng. 2015, 132, 83–89. [Google Scholar] [CrossRef]

	20. 
Mogali, S.R.; Yeong, W.Y.; Tan, H.K.J.; Tan, G.J.S.; Abrahams, P.H.; Zary, N.; Low-Beer, N.; Ferenczi, M.A. Evaluation by medical students of the educational value of multi-material and multi-colored three-dimensional printed models of the upper limb for anatomical education. Anat. Sci. Educ. 2017. [Google Scholar] [CrossRef] [PubMed]

	21. 
Lau, G.-K.; Shrestha, M. Ink-jet printing of micro-elelectro-mechanical systems (MEMS). Micromachines 2017, 8, 194. [Google Scholar] [CrossRef]

	22. 
Mao, M.; He, J.; Li, X.; Zhang, B.; Lei, Q.; Liu, Y.; Li, D. The emerging frontiers and applications of high-resolution 3D printing. Micromachines 2017, 8, 113. [Google Scholar] [CrossRef]

	23. 
Liu, X.; Xu, S.; Kuang, X.; Wang, X. 3D cardiac cell culture on nanofiber bundle substrates for the investigation of cell morphology and contraction. Micromachines 2017, 8, 147. [Google Scholar]

	24. 
Tran, V.-T.; Wei, Y.; Liau, W.; Yang, H.; Du, H. Preparing of interdigitated microelectrode arrays for AC electrokinetic devices using inkjet printing of silver nanoparticles ink. Micromachines 2017, 8, 106. [Google Scholar] [CrossRef]





© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).







nav.xhtml


  micromachines-08-00229


  
    		
      micromachines-08-00229
    


  




  





media/file0.png





