
 1 

 
Micromechatronics - the core technology of industrial revolution in miniaturization 
(A plenary lecture at the International Congress on Mechatronics, San Luis Potosi, Mexico, on March 4, 2005) 

 
Tai-Ran Hsu, Ph.D. 

Professor and Director 
Microsystems Design and Packaging Laboratory 

Department of Mechanical and Aerospace Engineering 
San Jose State University 

San Jose, CA 95192-0087, USA 
E-mail: tairan@email.sjsu.edu 

 
Abstract 
 
This paper begins with an overview of micromechatronics with current products in the 
marketplace.  Despite the fact that many of these products do not possess the level of 
“intelligence” that would fit into a common perception on mechatronics being “intelligent 
engineering process or systems involving synergistically integrated mechanical and electrical 
functions,” there are clear distinctions in materials, fabrication techniques and packaging of 
mechatronics products between macro and micro-scales. Micromechatronics devices are actuated 
by forces that are significantly different from their traditional counterparts. All these differences 
require fundamentally different strategies in the design and manufacture of micromechatronic 
engineering systems. The paper will also offer issues that are challenging to engineers in 
developing micromechatronic systems and products, in particular, in packaging and assembly. 
 
Despite the many issues and stumbling blocks that engineers need to resolve and overcome, 
micromechatronics will undoubtedly play a critically important role in this new industrial 
revolution in miniaturization. 
 
Introduction 
 
The unparalleled fast pace of developments in microelectronics and information technologies 
over the last two decades has significantly altered the landscape of engineering design and 
manufacturing in recent years. Industrial systems and products have become more and more 
complicated with programmable multi-tasking and synergistically integrated mechanical and 
electronics functions. Consequently, the design and manufacture of these engineering systems 
and products have become more than any single engineering discipline can handle, and a new 
technology of mechatronics that involves cross-disciplinary engineering expertise has emerged 
as a solution to such challenge. Engineering graduates are expected to be equipped with good 
knowledge and experience in mechatronics in order to thrive in their professional careers [1].  
 
The original notion of Mechatronics was related to an engineering process used to design and 
produce intelligent consumer electronics such as auto-focused camera [2]. However, many 
experts view mechatronics to be an engineering process that involves the design and manufacture 
of intelligent products or systems involving hybrid mechanical and electronic functions [1]. The 
word “intelligent” in the above definition distinguishes mechatronics systems from commonly 
known electromechanical devices. Mechatronic products can be as simple as a programmable 
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solenoid latch or as complicated as computer storage disk drives or inkjet printer heads [3].  
Mechatronic products are present in people’s day-to-day lives in modern civilized societies as 
described in reference [4].   
 
The increasingly strong market demand for “smart”, “multi-functional”, “robusting” and “low 
cost” engineering systems and consumer products in recent years has prompted yet another 
significant shift in the design and manufacture of industrial products. Take for example, the 
mobile telephone sets that were produced to transceive voice messages a decade ago.  The same 
sets today not only transceive voice messages; they also function as a calendar and camera. Later 
models provide users with wireless communications in multi-media such color video images, as 
well as to function as a personal computer that allows user’s access to the cyber space of the 
Internet. Devices of such multitude functions can only be produced by packaging many 
functional components into units of reduced sizes. Miniaturization of these functional 
components provides the only solution for such packages to satisfy this emerging strong market 
demand.  
 
Micromechantronics that involve the design and manufacture of device components in the micro- 
or/and nanometer scale that synergistically integrate mechanical and electronic functions and the 
information technology has become the core technology of this new industrial revolution in 
miniaturization.   
 
Miniaturization-the new industrial revolution 
 
The 20th Century that just elapsed was a glorious period in human history for technology 
development. Table 1 lists the twenty greatest engineering achievements of that century. 
 

Table 1 Greatest Engineering Achievements of the 20th Century 
                  (Selected by the US Academy of Engineering) 
 

1. Electrification 11. Highways 
2. Automobile 12. Spacecraft 
3. Airplane 13. Internet 
4. Water supply and distribution 14. Imaging 
5.  Electronics 15. Household appliances 
6.  Radio and television 16. Health technologies 
7.  Agriculture mechanization 17. Petroleum and petrochemical technologies 
8.  Computers 18. Laser and fiber optics 
9.  Telephone  19. Nuclear technology 
10. Air conditioning and refrigeration 20. High performance materials 

 
While no one can precisely predict what the great engineering achievements in the new century 
will be, there appears to be ample signs indicating that these achievements will be even more 
significant to human wellbeing than those presented in Table 1.  
 
Table 2 present some of the predicted industrial products available by the end of this century. 
One may perceive that some of these listed as “dream products” in Table 2 appear more of 
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science fiction than reality by today’s standards. Most of the listed items under “near-term 
products”, however, appear likely within reach with the current pace of development in micro 
and nano-scale science and engineering. These two forefront enabling technologies are the 
backbone of what many experts called the “new technology,” that is “miniaturization.”  
 
 

Table 2 Futuristic Industrial Products in the 21st Century 
 

Near-term Products “Dream” Products 
• New vaccines and medicines that cure the 

incurable diseases. 
• Synthetic antibody-like nanoscale drugs and 

devices seeking out to destroy malignant 
cells in human or animal bodies. 

• In-vivo medical diagnostic and drug delivery 
systems. 

• Smart surface coating materials with self-
adjusting thermal conductance for buildings 
and refrigeration systems. 

• Smart fabrics for self-cleaning clothe. 
• Super-strong materials for light weight 

airplanes, vehicles and structures. 
• Clean energy conversion systems and super-

long life batteries. 
• New breed of crops and domestic animals 

that can feed entire world population. 
 

• “Dust” sized super-intelligent computers. 
• “Needle-tip” sized robots for biomedical 
    and search and rescue. 
• Spacecraft weighing less than today’s family 

cars.  
• Biomedics, such as in-vivo systems and 

surgery that can sustain human lives  
   to 150 years and longer. 
• Tele-transportation systems that can transport 

human anywhere on Earth in seconds. 
• Spacecraft for human/cargo inter-planet 

traveling. 
 

 
Many attribute the current hyper active research and development activities in miniaturization to 
a famous speech delivered by a visionary Nobel Laureate, Richard Feynman in 1959 [5]. The 
technological development towards miniaturization, however, was actually initiated a decade 
earlier with the invention of transistors by three other Nobel Laureates, W. Schockley, J. Bardeen 
and W.H. Brattain in 1947. This crucial invention led to the development of the concept of 
“integrated circuits (ICs)” in 1955, and the production of the first IC three years later by Jack 
Kilby of Texas Instruments. These developments that took place a few years before Feynman’s 
inspiring speech on miniaturization led to a subsequent spectacular development of 
microelectronics for the next 50 years!   
 
Miniaturization, in many ways can be viewed as a new industrial revolution as illustrated in 
Figure 1. A well-recognized fact is that the invention of steam engines in 1765 triggered the first 
industrial revolution, as for the first time in human history; “machine power” had replaced 
“human and animal power” in producing and transporting industrial goods. Subsequent 
developments of machine tools paved the way for the establishment of factories and for future 
mass production of industrial products.  The rapid sprawling of railroad networks shortly after 
the invention of steam engines facilitated effective flow of raw materials and finished products 
that did not exist before. 
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Figure 1  The Evolution of Industrial Technologies 
 
While the rapid developments in advanced manufacturing technologies has clearly contributed to 
the many engineering achievements of the 20th Century as presented in Table 1, one cannot 
ignore a fact that such development would not have been possible without the invention of 
transistors in 1947 and the subsequent development of the IC design and fabrication 
technologies.  It was the rapid advances in the IC technology that we were able to produce 
smaller and faster computers as Feynman predicted nearly 50 years ago. One noticeable 
accomplishment in miniaturization is the spectacular size reduction in digital computers from the 
ENIAC computer-the first digital computer, to today’s “palm-top” computer with an 
approximate 108 reduction in size and 108 times increase in computational power!  Although this 
scale of miniaturization is not even close to what Dr. Feynman advocated, but it is a substantial 
improvement.  
 
The micro fabrication techniques that are used to produce miniature ICs are radically different 
from those used in the advanced manufacturing technologies involving automated machine tools 
such as robots and CNC machines for producing large machines and consumer goods in the mid-
1980s.  The “physical-chemical process-related” fabrication technologies used in the IC industry 
had not only triggered the rapid advances in microelectronic technology, they have also opened 
the door for the manufacturing micro-scaled devices that none of the traditional machine tools 
could ever produce. We may thus regard the invention of transistors in 1947 as the beginning of 
a “new industrial revolution” as indicated in Figure 1. It has effectively paved the way to the 
ultimate miniaturization as advocated by Dr. Feynman 45 years ago. 
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Representative Micromechatronics Systems and Products 
 
Many of the products that have been produced using the microelectromechanical systems 
(MEMS) technology can perform hybrid mechanical and electronics functions. These products 
have components that have the sizes ranging from a few micrometers (µm) to a few millimeters 
(mm) and they were produced using the microfabrication technology as described in the 
foregoing section.  Microactuators such as grippers, tweezers and tongs have been produced for 
pick-n-place operations in a micro manufacturing environment. Relays and switches in 
electronics circuits and fiber optical systems have been used extensively in industrial systems. 
Figure 2 shows a micro motor actuated by electrostatic forces. The gear at the center functions as 
the rotor with the tip of its “teeth” coated with thin metal films to make one set of the electrodes, 
whereas the tip of the teeth of the stator (the segmented sections) works as the other set of 
electrodes. The small gear in the foreground transmits the torque produced by the rotor. As one 
may envisage from the picture, the diameter of the entire motor is little over 1 mm. 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Micro Motor with Electrostatic Actuation 
      (Courtesy of Karlsruhe Nuclear Research Center, Germany)  
 
Micromechanisms are frequently used to facilitate rotary movement of reflecting mirrors in fiber 
optical switches in communication industry.  One such simple device is illustrated in Figure 3. 
The mirror that is attached to the actuator is used to direct incident light from one optical fiber to 
the other two adjacent fibers. The rotary movement of the mirror is actuated with electrostatic 
forces. A mirror with this arrangement with the size of less than 0.5 mm can operate with a 
frequency as high as 100,000 Hz.  
 
 
 
 
 
 
 
 
 
 
 

Figure 3  A 1x2 Optical Switch  
(Courtesy of Bell Laboratory of Lucent Technology) 
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Major commercial success of micromechatronics products in marketplace include inertia sensors  
used in automobile airbag deployment systems as shown in Figure 4. This device consists of two 
balanced-force types of micro accelerometers [5] as shown in the dark areas near the center of 
the cut-open package. The packaged sensor is attached to the chassis of the automobile. Each 
micro accelerometer in the packaged sensor consists of a tiny silicon beam with both its ends 
attached to small beam springs. Upon deceleration (i.e. impact) in the direction of the beam, the 
beam will move towards the impact direction. The mechanical movement of the beam induces 
the change of electrical capacitances generated by the sets of electrodes that are attached to the 
moving beam and the matching sets fixed at the base plate. The amount of the movement of the 
beam so sensed can be correlated to the deceleration (and thus the impact force by Newton’s 
second law) experienced by the chassis of the automobile. The airbag deployment system is 
triggered by the preset signal output of these sensors.  The foot print of the integrated micro 
accelerometers and the CMOS circuits for signal transduction and processing as shown in Figure 
3 is of the size of 2 mm x 3 mm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 A Packaged Inertia Sensor for Automobile Airbag Deployment System 
                                  (Courtesy of Analog Devices, Inc., Norwood, Massachusetts) 
 
Most micro sensors are essentially micromechatronic products, as many of these sensors rely on 
mechanical effects generated by the sensing elements for detecting the incoming signals.  For 
instance, many micro pressure sensors work on the principle of converting the mechanical stress 
or deflection of thin silicon diaphragms induced by the contacting pressurized medium to 
electronic forms that can be related to the applied pressure of the contacting gases. It is thus fair 
to say that micromechatronic products include both sensors and actuators with components in 
micrometer scale. 
 
Other commercially successful micromechatronic products include inkjet printer heads in 
printers and plotters, and read-write heads in advanced disk drives for mass data storage and 
retrieval.  Many inkjet printer heads are actuated by thermal forces with the size of the opening 
of nozzles in the range of 20-30 �m to a few micrometers in diameter. Micromechantronics 
systems such as capillary electrophoresis (CE) analyte systems have been widely used in 
biomedical diagnosis and analysis.  
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Actuation Forces in Micromechatronics 
 
In addition to the distinct fabrication techniques that are used to produce micromechatronic 
products, another noticeable deviation from traditional mechatronics systems is the actuation 
methods. It is a well-known fact that electromagnetic forces are extensively used in actuators in 
macro-scaled mechatronics. Unfortunately these forces scale poorly into the micro domain [6, 7], 
in which the magnitude of the electromagnetic force is scaled to the 4th power of the length of the 
electric conductors that generate the necessary magnetic field. Conversely, it means that a 10th 
reduction in the length of the conducting wires would results in 104th, or 10,000 times reduction 
in the induced electromagnetic force! Another factor against the use of electromagnetic forces in 
micromechatronics actuation is the limitation on the physical space available for the lengthy 
electric conductors required in electromagnetic actuators. 
 
There are generally three actuation forces used in micromechatronics systems.  These are (1) 
electrostatic forces, (2) thermal forces, and (3) piezoelectric forces [7]. 
 
(1) Electrostatic forces: 
 
Electrostatic forces are produced between two electrodes of opposite charges separated by a 
dielectric medium.  Figure 5 illustrates a set of two plate electrodes with width W and length L. 
The electrodes are separated with a narrow gap d and the space is filled with a dielectric medium.  
Three forces are generated when the initially misaligned electrodes are energized by an applied 
voltage V; the normal force Fd and the two in-plane forces, Fw along the width direction and FL 
along the length direction. Both Fw and FL disappear once the electrodes are properly aligned. 
 
 
 
 
 
 
 

 
 

Figure 5 Electrostatic Static Actuation Forces in Micromechatronics 
 
The magnitudes of these forces can be computed from the following expressions [7]: 
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in which �o = 8.85 pF/m is the permittivity in free (vacuum) space, �r is the permittivity of the 
dielectric medium between the electrodes. 
 
Electrostatic forces scale with two orders of magnitudes better than electromagnetic forces [6, 7]. 
These forces are extensively used in micro-scale actuators such as linear and rotary motors, e.g. 
as shown in Figure 2, as well as many resonators made of comb drives [8]. 
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(2) Thermal forces: 

 
Many micro-scale switches and tweezers are made of compound beams bonded together with 
dissimilar materials with distinct coefficients of thermal expansion. These beams are usually 
fixed at one end with the other end free to move. These beams will be bent to provide the desired 
shape to open or close an electric circuit when they are heated by passing electric current through 
the attached thin metal films resistors. Cases of micro structures made of silicon actuated by 
thermal forces were reported [9]. The curvature of a compound beam, � induced by a 
temperature rise, �T can be computed by the following expression [10]: 
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in which m = t1/t2 and n = E1/E2, with t1 and t2 being the thickness of Strip1 and Strip 2 as 
illustrated in Figure 6. E1, �1 and E2, �2 are the Young’s modulus and coefficients of thermal 
expansion of the Strip 1 and 2 respectively. 
 
 
 
 
 
 

Figure 6 A Bi-Layer Compound Beam 
 
 
(3) Piezoelectric forces: 

 
Certain crystals, such as quartz, that exist in nature can deform with an applied electric voltage.  
The reverse is also valid; i.e. an electric voltage can be generated across the crystal when an 
applied force deforms the crystal.  This unique electromechanical characteristic makes 
piezoelectric crystal ideal material for micro sensors and actuators. These crystals may be 
attached to flexible microstructures as source of actuation forces when they are energized by 
electric fields. Actuation using piezoelectric forces is used in micro-positioning mechanisms and 
micro clamps as reported in Reference [11]. Mathematical relationships between mechanical 
deformations of piezoelectric crystals and the induced electric voltages are available in 
Reference [7]. 
 
Mechanical Design and Packaging of Micromechatronic Products 
 
The minute size of the components in micromechatronics engineering systems and the unique 
techniques used to fabricate them have resulted in real needs for special design methodologies 
[7]. Some of the unique design considerations for micromechatronics engineering systems are 
highlighted as follows.  
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(1) Geometry of device components: 
 
There are relatively fewer distinct geometry used in the components in micro devices and 
micromechatronic systems than the conventional mechatronics systems. Most of these micro-
scaled components are made in the following configurations: 
 
(a) Beams for micro relays; gripping arms in micro tongs; beam springs in micro accelerometers. 
(b) Plates for thin diaphragms in pressure sensors; plate-springs in micro accelerometers; 

electrodes for signal transducers and for electrostatic force generations, etc. 
(c) Tubes for containing and directing minute fluid flows in micro fluidic network systems with 

electro-kinetic pumping, e.g. in electro-osmosis and electrophoresis. 
(d) Channels with open or closed tops of square, rectangular, trapezoidal cross-sections in 

microfluidic networks. 
 
Although the geometry of micromechatronics device components appear to be relatively simple, 
many of these beams, plates and capillary tubes are made of multi-layer of dissimilar materials. 
Design strategies, fabrication and packaging of these components present major challenges to 
engineers.  Commercially available finite element codes such as ANSYS and ABUCUS are 
frequently used in design analyses. 
 
(2) Materials: 
 
Since many components involved in micromechatronic systems have the sizes in micrometers, 
traditional manufacturing techniques using conventional machine tools are not capable of 
producing components in this size range, and physical-chemical processes developed for the IC 
fabrications are extensively used for the productions. Consequently, silicon and silicon 
compounds that are common materials for ICs are widely used for the core elements in 
micromechatronic systems. Electrically conductive polymers are used for certain components in 
micromechatronic products such as microfluidics in biomedical applications. 
 
Properties of silicon, silicon compounds and polymers are scarce in public domain.  Design 
engineers often have to rely on published data generated under specific conditions that may not 
be compatible to their own specific applications. A comprehensive description of common 
materials used in MEMS and microsystems is available in Chapter 7 of Reference [7]. 
 
(3) Design methodologies 
 
Most mechanical engineering design principles derived from continuum theories remain valid for 
engineering analyses of micromechatronics device components greater than 1 µm. For those 
components that are in sub-micrometer scale, almost all mechanical and thermophysical 
properties of the materials become size-dependent.  Consequently, many of the conventional 
constitutive formulations such as the generalized Hooke’s law and the heat conduction equation 
for solids require significant modifications to accommodate size-dependent material properties. 
Popular commercial finite element codes as mentioned in the foregoing section will not render 
credible results without these modifications. 
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Another major hurdle in design analyses of micromechatronics systems is lack of proper 
approach in dealing with non-conventional forces such as electrostatic and piezoelectric forces. 
The most complicated issue in this respect is lack of credible ways of estimating the van der 
Waals forces that exist in closely spaced components in many micromechatronics systems. 
 
In addition to the problem of quantifying forces acting on the minute components of micro 
devices the design engineer must also account for the intrinsic stresses and strains in these 
microstructures inherent from microfabrication processes such as doping by ion implantation or 
diffusion, or coating of thin films by vapor depositions.  Possible sources for intrinsic stresses 
are: (1) Lattice mismatch and change of atomic sizes induced by doping of impurities, (2) 
Atomic peening due to ion bombardment in certain processes, (3) Micro voids in thin films 
created by the escape of carrier gases in vapor deposition processes, (4) Shrinkage of polymers 
during curing, and (5) Change of grain boundaries due to change of inter-atomic spacing after 
some thin film deposition processes. Proper quantification of these forces is necessary in design 
analysis and this has presented a major challenge to engineers. 
 
(4) Assembly and packaging 
 
Packaging cost is a major portion of the overall cost of any micromechatronic product. This cost 
can be as low as 20%, or as high as 95% of the overall cost of the products. On average, it is in a 
range of 30-50% of the overall production cost. Packaging of microsystems is thus a crucial part 
of micromechatronic product development. Cost-effective packaging attributes to the success of 
microsystems in marketplace. 
 
The objective of micromechatronics packaging is to provide support and protection to the 
delicate core elements such as the sensing element or actuating mechanisms, the associate wire 
bonds and transduction units from mechanical and environmentally induced damages. Most of 
these core elements are required to interface with working medium, which may be 
environmentally hostile to the material of these core elements. Interface is thus a major problem 
in micromechatronic systems packaging.  
 
Unlike IC packaging, MEMS and micromechatronics packaging is far from maturity, mainly 
because there is no industry standard in several key areas in packaging materials and 
methodologies. Packaging of many of these products has been carried out on the basis of specific 
applications by the industry. Little has been reported in the public domain on the strategies, 
methodologies, and materials used by industry in its packaging of MEMS and micromechatronic 
products. 
 
Major challenging problems in MEMS and micromechatronics packaging can thus be 
summarized as follows: 
 
(1) The delicate core elements involve highly complicated 3-D geometry and are often made of 

layered dissimilar materials. 
(2) These core elements are often required to interface with environmentally unfriendly working 

media. A typical example is the need for hermetic sealing of micro fiber-optical switching 
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unit to keep dust and moisture out, yet the same unit must provide adequate passages for the 
incoming and outgoing light beams.  

(3) The core elements of many micromechatronic systems are expected to generate a variety of 
signals in mechanical, biological, optical and chemical forms. 

(4) The signals generated by the core elements need to be converted into electronic signals for 
speedy and accurate interpretations. Integration of microelectronics and micromechatronics is 
a major task in systems packaging. 

(5) In case of micro actuators, the interface of the actuating elements with electrostatic power or 
thermal power sources often presents major shielding problems. 

 
Some of packaging techniques developed for IC packaging, such as wire bonding, are applicable 
in micromechatronics packaging. However, some other techniques for MEMS and micro- 
mechatronics packaging such as surface bonding, sealing and signal transduction mappings, etc. 
however, are unique in micromechatronics packaging. Detailed description of some of these 
techniques is available in Reference [12]. 
 
Assembly of components in micrometer scale into devices or micromechatronics systems 
presents another major challenge to engineers. It is one critical area of microsystems technology 
and thus micromechatronics that has been virtually neglected by industry and researchers until 
very recently.  Industry begins realizing the fact that the lack of effective assembly technology 
has become a major stumbling block for mass production of microsystems products, which is a 
principal requirement for successful commercialization of micromechatronic products. 
 
There are a number of reasons for the lack of progress in this technological development in 
micro assembly: 
 
(1) There is lack of standards in procedures and rules for the assembly of micro components into 

systems.  
(2) There is lack of effective tools for micro assembly. These tools include: 
      (a) Tools for pick-n-place such as micro grippers, manipulators, robots, etc. are still being 

developed. 
      (b) Tools that are commonly used for visual and alignment using stereo electron 

microscopes, electron beams, UV simulated beams, ion beam imaging systems, etc. have 
not been effective for applications in micro scale. 

(3) Lack of Design-for-assembly (DFA) strategy and methodology for microsystems. Little is 
known on how to set tolerances on various components to be assembled, for instance, on the 
mating parts, parts feeders, grasping surface to mating surface, fixture surface to mating 
surface, etc.  

(4) Lack of knowledge on how to cope with physical-chemical effects during assembly such as 
chemical forces, electrostatic forces, mechanical forces, and van der Waals forces during 
assembly. One frequently encountered problem by engineers is the releasing of the pieces 
from a pick-n-place tool. The gravitation force on the assembled micromechatronic system 
component often is so overwhelmed by the electrostatic and van der Waals forces generated 
in the end effecter of the pick-n-place tool that it is impossible to drop the part at the 
desirable locations in an assembly operation. 
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Miniaturization in Nano-Scale 
 
The rapid development of the nanotechnology in the past decade has led many to believe that the 
technology to further miniaturize the current micro-scale devices to nano-scale is imminent and 
it will happen in the immediate future.  Much of this rather optimistic speculation has arisen 
from a number of recent break-through in new materials developed using this technology. 
Significant advances were also made in using nano particles in drug discovery and for medical 
diagnosis. The success of prototyping in molecular electronics with nano-scale gates using 
carbon wires and tubes, as well as new transistors in nanometer sizes as shown in Figure 7 have 
also raised high speculations on the realization of NEMS (abbreviation of 
NanoElectroMechanical System) by the general public and the research community. Many 
believed that the availability of intelligent engineering systems and devices in the size of 
nanometers was imminent.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 A Road Map for Miniaturization of Transistors 
 
There have been a few books published in last two years under the name of NEMS. 
Unfortunately, all signs have indicated that these high expectations on nanotechnology are 
nothing more than just “hypos.” In the author’s view, NEMS or nano-scale mechatronics systems 
are at least a decade away due to lack of research and development activities in such critical 
areas of: nano-scale piezoelectric and other forms of intelligent materials, nano-scale actuation 
techniques and non-rudimentary fabrication processes for device components. Assembly and 
packaging of these smart nano scaled components into devices and systems will be even more 
surmountable challenges to engineers. Active research and development efforts in engineering 
design methodologies in the fields such as molecular solid and gas dynamics, nano scale heat 
transfer evolving from quantum physics are needed before any meaningful NEMS can be 
realized.  
 
Future Outlook of Micromechatronics 
 
The production of many of the desirable products listed in Table 2  require the applications of 
miniaturized smart sensors and actuators in manufacturing, or in real-time monitor for biomedic  
diagnoses, or material handling in drug delivery and dispensing. Mechatronics systems with 
intelligent sensors and robots with very high ratio of workspace to its own size, but in 
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micrometer and nanometer scales, will play critical roles in these anticipated technological 
development in the new century. Power source will be a key element in such development. It 
appears more likely that major break through in wireless motion control and power transmission 
may provide the required solution to this critical problem. 
 
Nano-scale mechatronics definitely will be a core technology in realizing the many anticipated 
technology achievements of the new century as presented in Table 2. It will be the ultimate goal 
for the mechatronics technology.  However, the state of nanotechnology, which is the backbone 
of nanomechatronics remains in an early stage of development, and the availability of devices in 
nano-scale are long way from reality as illustrated in Figure 8. It is foreseeable that 
micromechatronics will remain the core technology in this ongoing miniaturization of industrial 
systems and products for a number of years to come.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 8 General Evolution of Product Development 
 

Concluding Remarks 
 
As the current increasing strong market demand for smart, multi-functional, robusting and low 
cost devices and consumer goods continues, the pace of miniaturization of devices components 
will undoubtedly accelerate in the foreseeable future. Micromechatronics will undoubtedly play a 
major role in this new industrial revolution in miniaturization. It is also conceivable that the 
evolution of micromechatronic systems to the ultimate nano-scale mechatronics by the end of 
this new Century is an unavoidable trend. Until then, much of the “dream products” that are 
listed in Table 2, if not more, remain science fictions.    
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