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ABSTRACT 

 
Microbjects with dimensions from 1 µm to 1 mm have been developed 

recently for different aspects and purposes. Consequently, the development of 

handling and manipulation tools to fulfil  this need is urgently required. 

Micromanipulation techniques could be generally categorized according to 

their actuation method such as electrostatic, thermal, shape memory alloy, 

piezoelectric, magnetic, and fluidic actuation. Each of which has its advantage 

and disadvantage. The fluidic actuation has been overlooked in MEMS despite 

its satisfactory output in the micro-scale.  

This thesis presents different families of pneumatically driven, low cost, 

compatible with biological environment, scalable, and controllable 

microgrippers. The first family demonstrated a polymeric microgripper that 

was laser cut and actuated pneumatically. It was tested to manipulate micro-

particles down to 200 microns. To overcome the assembly challenges that 

arise in this family, the second family was proposed. 

The second family was a micro-cantilever based microgripper, where the 

device was assembled layer by layer to form a 3D structure. The micro-

cantilevers were fabricated using photo-etching technique, and demonstrated 

the applicability to manipulate micro-particles down to 200 microns using 

automated pick-and-place procedure. In addition, this family was used as a 

tactile-detector as well. Due to the angular gripping scheme followed by the 

above mentioned families, gripping smaller objects becomes a challenging 

task. A third family following a parallel gripping scheme was proposed 

allowing the gripping of smaller objects to be visible. It comprises a compliant 

structure microgripper actuated pneumatically and fabricated using pico-

second laser technology, and demonstrated the capability of gripping micro-

object as small as 100 µm microbeads. An FEA modelling was employed to 

validate the experimental and analytical results, and excellent matching was 

achieved.  
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Chapter 1: Introduction  

 

1.1 Motivation  

 

Continuous progress in medical and biological applications requires research at 

the cellular level. Performing an experiment on a single cell allows for better 

results than conventional experiments where a large population of cells are 

studied and the acquired data are averaged (Levsky and Singer, 2003, Bao and 

Suresh, 2003). Such an idea is behind the growth of interest within the biological 

and medical communities in techniques which enable the individual manipulation 

of biological objects (Voldman et al., 1999, Polla et al., 2000, Grayson et al., 

2004, Yi et al., 2006, Jager et al., 2000) 

The successful handling and manipulation of individual micro-objects is a major 

challenge in true assembled microsystem. The handling technique has to be 

precisely controlled, safe, with reliable pick-and-place of the micro-object being 

handled. The main motivation of this research is to develop a suitable, highly 

reliable microgripper which can be assembled to perform handling and 

manipulation of micro-objects in various media like air and liquid. 

Achieving the aforementioned function requires different considerations to be 

taken into account. The main considerations that should not be overlooked while 

designing and fabricating a microgripper are the nature of the manipulated object, 

the operating environment, and the manufacturing cost. 

Micro-manipulation is a challenging task that requires a precise, reliable, and 

suitably controllable manipulation set-up. In order to be able to manipulate 

biological samples, several criteria need to be met. For example, the micro-

environment should not be negatively affected by high operating temperature or 

magnetic and electric fields resulting from the manipulation mechanism.  
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The rapid evolution in biological science has led to the requirements of 

manipulation at micro- and nano- scale. In general, manipulating single cells can 

be classified into contact and non-contact techniques and a detailed literature 

review of each is presented in the following two sections, with a view to select the 

most suitable way forward for the aim of this thesis. 

1.2 Non-Contact Techniques 

 

1.2.1 Optical Tweezer Manipulation 

The optical manipulation techniques mainly employ optical principles (Juan et al., 

2011, Wang et al., 2011, Zhang and Liu, 2008, Ashkin et al., 1986), where the 

highly focused laser beam is employed to manipulate and trap the microbiological 

objects. Optical tweezers, or laser tweezers, have been implemented widely in 

many applications since the early 1970s (Lang and Block, 2003). They are 

considered amongst the most common non-contact manipulation techniques due 

to their capability of manipulating micro-objects precisely without damaging 

them (Li et al., 2013). Figure 1.1 shows a typical optical manipulation system, 

where the Dichroic mirror reflects the expanded laser beam, that in turn is 

introduced into the inverted microscope. A demonstration of optical trapping of 

viruses and bacteria in an aqueous media without obvious damage was achieved 

by  Ashkin et al using a visible argon single-beam gradient trap (Ashkin and 

Dziedzic, 1987). Another study of the same group using infrared (IR) light shows 

a larger manipulation force and less optical damage to living cells (Ashkin et al., 

1987). Buican et al demonstrated the capability of laser traps not only to position 

the cells, but also to transport them over few centimetres (Buican et al., 1987).  

Although this technique demonstrates a satisfactory performance in trapping and 

manipulating microbiological objects, it requires complex and expensive optical 

setup (Piggee, 2008) and has a long term negative effects on the manipulated 

micro-objects (König et al., 1996). 

 



3 
 

 

 

Figure 1.1: A typical optical tweezers system (Li et al., 2013) 

 

1.2.2 Magnetic Field Manipulation 

Magnetic forces have been employed in the application of cell manipulation 

where either intrinsic (e.g., the iron-containing hemoglobin in erythrocytes) or 

extrinsic (e.g., cells labeled with magnetic nanoparticles) magnetic properties of 

biological macromolecules are utilized (Yun et al., 2013), as shown in Figure 1.2. 

Implementing this technique requires adhesion or implanting magnetic beads into 

the cells which has not been found affecting the viability of cells and resulting in 

a very flexible manipulation system (Desai et al., 2007).  

 

Figure 1.2: Schematic illustration  of magnetic manipulation; (a) extrinsic, (b) 

intrinsic (Yun et al., 2013) 



4 
 

1.2.3 Electric Field Manipulation 

Electric field (e.g., dielectrophoresis (DEP) and electrophoresis (EP)) is another 

type of non-contact techniques. DEP manipulation is determined by the polarity 

of the electrical charge of the manipulated particle (Yun et al., 2013), while EP is 

determined by the interaction of the manipulated particleôs charge and the electric 

field (Voldman, 2006) as illustrated in Figure 1.3. Electric field manipulation 

technique has been used to manipulate different biological cells such as bacteria, 

yeast, and mammalian cells (Desai et al., 2007). 

 

Figure 1.3: EP and DEP. (a) Charged and neutral particle in a uniform electric ýeld. 

The charged particle (left) feels an EP force, whereas the dipole induced in the 

uncharged particle (right) will not result in a net force (Fī =F+). (b) A neutral 

particle in a nonuniform electric field. The particle will experience a net force 

toward the electric-ýeld maximum because the ýeld magnitude is different at each 

end of the particle (Fī >F+) (Voldman, 2006). 
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1.2.4 Acoustic Manipulation 

Where the emitted acoustic waves are reflected by a rigid surface to obtain a 

standing wave. The force of this standing wave is used in the separation or 

manipulation of micro-particles (Jönsson et al., 2004, Petersson et al., 2005, 

Kozuka et al., 2008). The working principle of this technique is illustrated in 

Figure 1.4. However, precision and difficulties of precise positioning of a micro-

objects using the acoustic technique is the main limitation for this technique (Fu 

et al., 2012).  

 

Figure 1.4: The concept of the direct and reflected wave in acoustic 

manipulation where pd and pr correspond to direct wave pressure reflected 

wave pressure, respectively  (Kozuka et al., 2008). 

 

 

1.3 Contact Techniques 

 

The term ñcontact techniquesò implies a physical interaction between the 

manipulated micro-object and the manipulation device. Pipettes and grippers are 

the most contact techniques implemented to manipulate biological micro-objects. 

Pipettes are employing a negative pressure that is applied through a nozzle to 

manipulate such micro-objects, where the suction force can be provided either by 

a syringe controlled pressure transducer (Sato et al., 1987) or piezoelectric 

actuator (Lee et al., 1994). Figure 1.5 shows a schematic drawing of the working 

principle of the pipettes. Also, this technique has been used extensively to study 

the mechanical properties of cells by employing a measured deformation of cells 
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attributed to a known force or stress to obtain such properties (Kim et al., 2009). 

Sato et al. implemented a micropipette technique to investigate the mechanical 

properties of cultured bovine aortic endothelial cells exposed to a fluid-imposed 

shear stress and then detached (Sato et al., 1987). However, this technique despite 

of its capability to hold single cells, requires highly skilled users to achieve the 

manipulation of biological micro-objects without damaging them. Furthermore, 

pipettes functionality is limited by cell size. If cells are smaller than the opening 

of the pipette nozzle, then several cells can be drawn into the pipette rather than 

isolating just one (Chan and Li, 2003). 

 
Figure 1.5: (Left) Manipulation technique of pipette, (Right) Aspiration of a 

6 µm diameter swollen red cell into a pipette (Hochmuth, 2000). 

 

The other commonly used type of contact techniques are microgrippers. 

Microgrippers are complex micro-electro-mechanical-systems (MEMS) (Zeman 

M, 2006) and a variety of microgrippers have been developed in recent years for 

the manipulation of micro-objects. Different actuation mechanisms have been 

used for microgrippers applications such as electrostatic, piezoelectric, SMA, 

magnetic and fluidic actuation.     

However, contact techniques arise another issue, which is the releasing of the 

micro-object. As in macroworld, gravitational force becomes dominant and the 

objects could be collected and dropped easily. On the other hand, in microworld, 

adhesive forces dominate the procedure and the gravity is neglected. Two 
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different strategies could be implemented to overcome this issue. The first one is 

passive, where the operation conditions are employed to reduce the effects of such 

forces. The second one is the active strategy, which implies adding or changing 

the design of the device to release the micro-objects easily (Fu et al., 2012).      

1.3.1 Electrostatic Microgrippers 

Columbic force, or electrostatic force, between two charged plates subject to a 

potential difference is used. These plates are considered to be the comb finger 

electrodes. Figure 1.6 shows the dimensions of comb finger electrodes, where ñὥò 

is the distance between the motion finger top and fixed finger root, ñὦò is the 

width of each finger, ñὨò is the distance between the plates, ñὬò is the thickness 

of fingers, and ñyò represents the displacement of the electrostatic actuator. The 

generated electrostatic force is given by the formula (Chen T, 2010): 

                                 

    Ὂ  ‐Ͻ                                             (1.1) 

where, ‐ is the permittivity of the medium between the plates, ὲ is the number 

comb fingers, ὠ is the applied voltage, and Ὠ is distance between the plates. 

 

 

Figure 1.6: Dimensions of the comb finger electrodes (Chen T, 2010) 
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Microactuators driven electrostatically generate a linear motion which is 

converted into rotational gripping motion by a hinge system. Chen et al. proposed 

a hybrid microgripper driven electrostatically illustrated in Figure 1.7. They used 

a surface and bulk machining technology to fabricate this device. The 

microgripping of micro-objects was the result of converting the small horizontal 

displacement generated by the electrostatic microgripper into the big motion of 

the arms by an S-type flexible beam system, achieving a deflection of 25 µm at 

the tweezers of the gripper with an applied voltage of 80 V (Chen T, 2010). The 

performance of this microgripper was demonstrated experimentally by the 

manipulation of 100-200 µm polystyrene balls. The authors integrated a vacuum 

tool to get rid of adhesive forces, electrostatic forces, and surface tension forces. 

Vacuum tools that generate positive pressure to overcome the adhesion between 

microgripper and microparticles are considered to be a good way to solve 

releasing problems (Zesch W, 1997, Chen G, 2004, Petrovic D, 2002). 

 

 

Figure 1.7: Model of microgripper (Left), SEM images of the gripper (Right) (a) 

The integral structure of the gripper, (b) the combs, (c) the end effector, and (d) the 

S-type spring beam. (Chen T, 2010). 
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In general, electrostatic actuation has the advantages of high energy densities, 

high output forces for MEMS in micro-scale, and low power consumption (Zhang 

et al., 2007, Hung and Senturia, 1999). On the other hand, microgrippers actuated 

electrostatically require high voltage (Zeman M, 2006). Also, electrostatic 

actuation becomes ineffective in ion-rich liquids (e.g. inside body fluid) due to the 

cancellation of surface charges (Ok et al., 2006). 

 

1.3.2 Thermal Microgrippers 

Microgrippers actuated thermally exploit the dissymmetry of either the thermal 

properties of two materials or the expansion within the same material, and could 

be categorized as follows (Agnus J, 2005): 

¶ Thermal properties of two material dissymmetry 

In this category, a bimorph effect of two material is used to deflect the end 

of the two beams composing of the microgripper. Heating procedure is 

usually obtained by Joule effect by passing a current through the structure 

(Zheng et al., 2011) 

¶ Dilation dissymmetry within the same material 

An obtained heating of a part of the material using Joule effect will obtain 

a lateral deflection of a compliant structure. Solano et al. proposed a 

microgripper driven by a U-shaped thermal actuator deflects at its tips due 

to the dissymmetry of the actuation beams, where the deflection is 

controlled by the difference temperature in induced between the hot and 

cold arm as shown in Figure 1.8 (Solano and Wood, 2007). 

Microgrippers actuated thermally have the potential to generate a large output 

force as a result of a low input voltage (Jia and Xu, 2013), but the high 

temperature operation requirements may affect the surrounding environment. 

Furthermore, its nonlinear expansion when a high operating temperature is 

induced was reported (Jia and Xu, 2013). 
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Figure 1.8: SEM of a fabricated microgripper by Solano et al (Solano and 

Wood, 2007) 

 

1.3.3 Shape Memory Alloy (SMA) Microgrippers 

SMAs are materials that can be used as actuators by deforming them at low 

temperature and then heating them to cause them return to the undeformed state 

against a load.  Three types of structures can be found exploiting this principle 

(Agnus J, 2005) and are as follows: 

 

¶ Compliant structure grippers 

A constrained SMA actuator is used to generate mechanical work in order to 

deform the structure which will move significantly due to this actuation. The 

structure can be made of steel (Russell, 1994, Kyung et al., 2008), plastic 

(MacKenzie et al., 1996), or silicon (Lee et al., 1996, Bütefisch et al., 2000, 

Hoche et al., 1998), and the actuators are mostly Ni-Ti wires since they are cheap 

and do not require further processing as they can be cut and used (Kyung et al., 

2008) or Ni-Ti thin films (Fu et al., 2008, Lee et al., 1996). The stroke of such 

micro grippers varies between 110 µm (Lee et al., 1996) and 2.5 mm (Russell, 
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1994). The microgripper shown in Figure 1.9 il lustrates this type of gripper. 

When energizing the two SMA wires to generate heat, the wires begin to contract 

at the activation temperature. The linear motion of SMA wires is converted by the 

flexible hinge ñAò into rotating motion. Since the flexible hinge B is thinner than 

hinge A, the stress is concentrated in hinge B and it will receive most of the 

gripping force. Therefore, the gripping force can be measured with the strain 

gauge adhered to the flexible hinge B (Kyung et al., 2008). 

 

 

Figure 1.9: Conceptual drawing of microgripper (Left), and a fabricated 

microgripper (Right) (Kyung et al., 2008) 

 

¶ Monolithic grippers 

The mechanical structure, actuators, flexible joints and finger tips are integrated 

in a structure made from a single SMA material. Monolithic SMA microgrippers 

were supposed to overcome many defects that arise in the previous type of SMA 

grippers like precision in assembly, which is difficult and expensive to be 

achieved, is needed for these systems (Bellouard et al., 1998). Also, undesirable 

effects such as friction and interaction between parts have to draw the attention. 

Thus, a monolithic two way SMA microgripper was proposed by Bellouard et al. 

where a thermo-mechanical treatment (training process) to the gripper is required 
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(Bellouard et al., 1998). This device shown in Figure 1.10 achieved an opening 

gap by 150 µm and was demonstrated by grasping cylindrical lenses with a 

diameter of 250 µm and a length of 500 µm.  

 

Figure 1.10: Left: Scanning Electron Microscope picture of the SMA micro-gripper 

for sub-millimeter lens handling. Right: the desired shape is laser cut (1) and 

thermo-mechanically cycled under constraint (training process) (2). The working 

principle is also shown (3) (Bellouard et al., 1998). 

 

Another monolithic SMA microgripper was designed and fabricated by Zhang et 

al. to assemble microscopic building blocks of width of 60 µm into tissue 

engineering scaffolds (Zhang et al., 2001). All the parts were laser cut from the 

same Ni-Ti-Cu sheet; this device employed a localised shape memory effect 

obtained by heat treatment of a specific zone to actuate this zone. When an 

electrical current is applied to the structure to increase temperature, only the 

treated zone tends to return to its memorized shape generating an actuation force. 
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¶ Antagonistic actuation 

Antagonistic structures, also called ñdifferentialò structures, are those where two 

actuators are used, one for opening and the other for closing the tweezers. This 

type of SMA microgrippers has the advantage of reducing the open - and - close 

time (Agnus J, 2005). Kohl et al. developed a microgripper of the size 2x3.9x0.1 

mm
3
. Two integrated actuation units working in the opposite directions to form an 

antagonistic pair (Kohl et al., 2000). The gripper comprised of two actuation units 

with bond pads for mechanical and electrical connection, a connection between 

the units, and two gripping arms. A folded-beam structure and two circular beams 

are the actuation units I and II, respectively. By heating unit I above the phase 

transformation temperature, the folded beams recover their memory shape leading 

to a linear movement of the link. As a consequence of that, the circular beams are 

deformed and the gripping arms are closed. Also, heating unit II will reset this 

operation leading to opening the arms. The device was manufactured by laser 

cutting of a cold-rolled NiTi sheet of 100 µm thickness and then mounted on a 

ceramic substrate by adhesive bonding. A maximum displacement of the jaws of 

180 µm, gripping force of 17 mN were achieved with an
 
open-and-close time of 

32 ms during this research. Figure 1.11 shows the operational principle of the 

proposed device. 

 

Figure 1.11: Operation principle of the SMA microgripper illustrating the two 

actuation units (Left), and fabricated microgripper (Right) (Kohl et al., 2000). 
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Although SMA actuators produce large force and high displacement, SMA 

actuators are problematic in the liquid environment due to the fact that micro 

devices have a very high surface-to-volume ratio and suffer from excessive heat 

loss. This dissipation of heat will affect the temperature in the micro-environment 

(Ok et al., 2006). Furthermore, the displacement of SMAs is hard to control 

because of their hard thermomechanical nonlinearities (Velazquez et al., 2006). 

Also, as SMA actuators operates as on-off actuators, it will be too complicated to 

precisely control the gripping force and displacement (Fu et al., 2012). 

1.3.4 Piezoelectric Microgrippers 

Piezoelectric effect was first found by Pierre and Jacques in 1880 when they 

observed that quartz crystals would electrically polarise when deformed by an 

applied force (Smith, 1976). This effect is reversible i.e. a strain will be generated 

on the material under an applied voltage. Thus, this displacement was used for the 

purpose of actuation. The main existing types of this technique were classified 

according to their structure of actuation into three categories: 

 

¶ Piezoelectric compliant structure grippers  

The compliant structures are structures that transfer an input force or 

displacement to another point through elastic body deformation (Khare et al., 

2007). Menciassi et al. developed a microgripper by means of LIGA technology 

(German acronym for Lithography, electroplating, and molding that describes a 

fabrication technology used to create high-aspect-ratio microstructures), which is 

an expensive and long process, and introduced an amplification mechanism to 

overcome the drawback of the limited total displacement of such devices. A total 

displacement of 250 µm and a gripping force of 35 mN were obtained in this 

study (Menciassi et al., 1997). A later study achieved by Goldfarb and Celanovic 

aimed to design a flexure - based microgripper, Figure 1.12, actuated by a 

piezoelectric ceramic stack actuator (Goldfarb and Celanovic, 1999). The 
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displacement of the gripper was 160 µm and a gripping force of 600 mN was 

achieved. 

 

Figure 1.12: Flexure-based microgripper by (Goldfarb and Celanovic, 1999) 

 

¶ Piezoelectric bimorphs grippers 

Where the deformation of two beams that are mechanically interdependent on 

each other when undergoing an electric field, one will contract and the other 

extends (Agnus J, 2005). Seki used a piezoelectric bimorphs and adding stainless-

steel finger tips. This device achieved a displacement of 400 µm under 30 V 

applied voltage (Seki, 2002). Chonan et al. developed a two-fingered parallel 

microgripper driven by a piezoelectric ceramic bimorph strip (Chonan et al., 

1996). These strips were at the base of each finger while a flexible copper 

cantilever is located at the tip. The cantilever is driven horizontally by the bending 

deformation of the ceramic actuator. The output tip displacement achieved was 

600 µm as a result of 50 V voltage. 

A more recent study proposed piezoelectric bimorphs actuator, where the bending 

of the bimorphs is implemented as the microgripper fingers and each of which 

could be actuated separately (El-Sayed et al., 2013). Both fingers were fixed as 

cantilevers, see Figure 1.13, and driven independently by a high voltage amplifier 

and the deflection of the bimorphs is measured by the means of a non contact 

proximity sensor applied at the tip of one finger. The system achieved a tip 
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deflection of 500 µm as a result of an input voltage of 70 V and manipulating 

micro-objects down to 50 µm in size.   

 

Figure 1.13: (left) Layout of developed microgripper showing the components of the 

gripping system and (right) cross sectional of the bimorph actuator (El-Sayed et al., 

2013)  

 

¶ Monolithic microgrippers with localized deformation 

In this type, the whole assembly, actuator, amplification and finger tips are carried 

out in a massive piezoelectric plate while the electrodes are distributed on each 

face of ceramics to extent and contract locally a flexible structure by elastic 

hinges (Agnus J, 2005). A monolithic compliant-flexure-based microgripper 

shown in Figure 1.14 was proposed by Nah (Nah and Zhong, 2007). Micro-wired 

electrode discharge machining was used in manufacturing the microgripper and a 

maximum stroke of 170 µm was achieved. Typical leadïzirconateïtitanate (PZT) 

piezoelectric actuator was used and according to a previous study, piezoelectric 

actuation performed a movements with resolution on the order of a nanometer 

(Goldfarb and Celanovic, 1999). 
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Figure 1.14:.The microgripper designed and fabricated (a) components of gripper 

device, (b) prototype of gripping device with a PZT translator (Nah and Zhong, 

2007) 

 

A later study by Zubir et al. proposed a microgripping mechanism in order to 

deliver high precision and accurate manipulation of micro objects (Zubir et al., 

2009). The authors used a wire Electro-Discharge Machining (EDM) technique to 

fabricate the monolithic structure of the gripper mechanism. This design was 

tested numerically using Finite Element Analysis (FEA) and validated 

experimentally. The piezoelectric actuation force is transformed into rotational 

motion by the amplification mechanism. The bias spring will help in achieving a 

large deflection within elastic region and ensuring precise opening and closing 

manipulation. A maximum output force and displacement of 0.95 N and 350 µm, 

respectively, was achieved corresponding to 100 V applied voltage. This device 

was tested by grasping a 76.2 µm diameter wire. Figure 1.15 shows a prototype of 

the fabricated microgripper.      
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Figure 1.15: (a) Individual component of gripper mechanism, (b) Microgripper 

prototype (Zubir et al., 2009) 

 

 

A recent study reported a microgripper monolithic compliant mechanism is 

actuated by a stack piezoelectric ceramic actuator (SPCA) with integrated sensors 

for gripping force and tip displacement as in Figure 1.16 (Wang et al., 2013). A 

displacement of the microgripper was found at a magnification of 16x  with 

respect to SPCA was achieved. 

 

 
Figure 1.16: Piezoelectrically driven microgripper (Wang et al., 2013)   
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Piezoelectric actuation has been used extensively by researchers due to the 

advantage of their great speed and overall a high resolution (Agnus J, 2005) but, 

piezoelectric microgrippers suffer from limited total displacement (Menciassi et 

al., 1997). Another drawback of such technique is the high operating voltage. For 

example, 100 V is needed to achieve a deflection of only 4µm (Sekhar and 

Uwizeye, 2012). 

1.3.5 Magnetic Microgrippers 

This type of microgrippers uses the magnetic actuation principle. The actuating 

magnetic field is established by passing the current through the coil that is 

wounded around the core and the gripper arms open or close as a response to the 

magnetic field. Giourodi et al. developed a microgripper that was actuated 

electromagnetically. The microgripperôs fingers and tips were fabricated using a 

magnetically soft iron alloy (VITROVAC 7505) which exhibits excellent soft 

magnetic and mechanical properties (Giouroudi et al., 2008). The core was 

crystalline FeSi sheet wounded by a double layer coil. This core was cut using 

EDM technology. Figure 1.17 shows the layout of the device where the normal 

state of the tip before actuation is open and the two tips are 250 µm apart. The 

opening and closing of the fingers is controlled by the applied DC current. The 

microgripper was tested in atmospheric conditions to pick and place optical fibers 

(125 µm in diameter) and bonding wires (50 µm in diameter). The maximum 

gripping force was 130 µN under a maximum operation DC current of 600 mA.     

 
 

 

Fig. 1.17: Schematic of the developed microgripper where the tips actuated by 

passing the current through the wounded coil around the core (Giouroudi et al., 

2008). 
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Another device based on giant magnetostrictive material (GMM) was proposed 

recently (Qinghua et al., 2010). The driving force was supplied by the expansion 

and contraction of GMM in magnetic field. The conceptual drawing of the 

microgripper is illustrated in Figure 1.18. The operation principle of this 

microgripper is that when current is passing through coil the to produce magnetic 

field, GMM will stretch and this stretch will promote the jaws around the flexible 

hinge towards the direction of palate producing the displacement to grip objects.  

However, a negative influence on the microgripper was reported due to the 

generated heat from the coil which induces thermal deformation of 

magnetostrictive rod.  

 

 

Fig. 1.18: Conceptual drawing of the microgripper, (1) Plate, (2) Microripper jaw, 

(3) Jaw, (4) Upper suspension arm, (5) Suspension arm, (6) Linker arm, (7) GMM 

rod, (8) Electromagnetic coil, (9) Circular hole, (10) Slice, and (11) Flexure hinge 

(Qinghua et al., 2010). 

 

In fact and although such actuation source has a large output force and 

displacement, their performance is also limited because of the thermal dissipation 

by the conductive materials with significant currents passing through. 

Furthermore, down scaling of magnetic actuators will lead to a sharp decrease in 

the output performance of such actuators. Also, the presence of magnetic field 

becomes problematic in biological environments (Reyne, 2002). 
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1.3.6 Chemical Microgrippers 

This type of microgripper depends mainly on converting the chemical energy into 

mechanical response (Biener et al., 2009). A microgripper actuated chemically 

was proposed by Randhwa et al. (Randhawa et al., 2008). Opening and closing 

procedures were triggered by chemicals. Adding the acetic acid (CH3COOH) to 

the water will lead to dissolving of the polymer that restricts the joints to bend, 

and the gripper closes. Adding hydrogen peroxide (H2O2) to the aqueous acetic 

acid will dissolve the Cu layer, leading to straightening the Cr joint and 

consequently reopening the gripper, as shown in Figure 1.19. The proposed 

device demonstrated a manipulation of 200-µm diameter tubes and beads.  

 

Figure 1.19: (a) Schematic diagram of the trilayer hinge joint between two Au 

coated Ni phalanges. Optical microscopy image of (b) a single microgripper and (c) 

many microgrippers in water. (d) Schematic diagram of the microgripper closing 

when acetic acid dissolves the polymer layer within the hinge. Optical microscopy 

image of (e) a single microgripper and (f) many microgrippers closing on addition of 

acetic acid (inset shows the view from the bottom of a closed microgripper). (g) 

Schematic diagram of the microgripper opening when H2O2 dissolves the Cu layer 

within the hinge. Optical microscopy image of (h) a single microgripper and (i) 

many microgrippers opening upon addition of H2O2 (Randhawa et al., 2008). 
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1.3.7 Fluidic Microgrippers 

These devices ( pneumatic when using air and hydraulic when using any other 

fluid ) use the pressure of fluid to generate elastic deformation in flexible parts 

which can then return to their original configuration when the pressure is 

removed. Fluidic microactuators can be divided into three major categories 

(DeVolder M, 2010):  

¶ Elastic fluidic microactuators 

These comprise at least one component that deforms elastically under the applied 

pressure. Elastic fluidic actuators are common in MEMS since they are relatively 

easy to fabricate and are not subjected to leakage. These actuators can be sub- 

classified into membrane, balloon, bellows, and artificial muscles, according to 

the configuration of the elastic elements, as shown in Figure 1.20. 

 

 

Figure 1.20:  Classification of elastic actuators (DeVolder M, 2010) 

 

¶ Membrane microgripper  

These are the most widely applied fluidic actuators at the microscale. They 

consist of a flat or corrugated membrane that is deflected by the driving pressure. 

Reports on these actuators and their integration in MEMS were published as early 

as 1980 due to their ease in fabrication using basic silicon processing (Van De Pol 

et al., 1989, Van de Pol et al., 1990). However, the main limitation of membrane 

actuators is their limited stroke because part of the force output will be consumed 

by the membrane stiffness (DeVolder M, 2010), although several researchers have 
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presented on corrugated membrane designs to enhance the stroke of these 

actuators. For example, Ding et al. describe a square ï sided boron-doped silicon 

corrugated diaphragm of 3 µm thickness and 1mm side that achieved 33 µm 

deflection at 101 KPa compared with a planar membrane of the same size, which only 

achieved 18 µm at the same pressure (Ding, 2002). In a separate study, a corrugated 

polyimide diaphragm produced similar results (Van Mullem et al., 2002). 

 

¶ Balloon microgripper 

These are similar to membrane actuators except that they rely on a 3D balloon to 

generate a bending motion. Due to the 3D shape of these actuators, their adoption 

in MEMS devices was a little later where it was first reported in 1999. The first 

balloon MEMS actuator had a diameter of 1 mm and a length of 6 mm and was 

fabricated by µEDM (micro-electro-discharge-machining) (Song et al., 1999). 

Achieving bending angle of 40° and a bending moment of 20 µNm at a driving 

pressure of 100 KPa. A similar device has been fabricated using a lithographic 

approach and multiple actuated joints series were added (Konishi et al., 2001). 

Another balloon microgripper was proposed by Jeong et al. illustrated in Figure 

1.21 in which the whole structure was made of PDMS using two layers with 

different stiffnessôs to induce a bending motion under pressurization (Jeong et al., 

2006). Each finger is 0.8 mm wide and 7 mm long achieving a bending angle of 

130° at 200 KPa. Okayasu et al. have described a five degree of freedom flexible 

manipulator driven by hydraulic balloon actuators applicable to medical 

interventions such as neurosurgery. A certain amount of hydraulic fluid leakage 

was reported, but this was not harmful since the actuator was driven by using 

saline (Okayasu et al., 2003). 
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Figure 1.21: Working principle of all PDMS micro finger with balloon actuator. (a) 

normal PDMS structure, (b) unusual PDMS structure, [i] initial state, [ii] under low 

pressure, [iii] under high pressure (Jeong et al., 2006) 

 

 

¶ Bellow microgrippers 

These are again similar to membrane micro grippers except that the expansion of 

the membrane is focused on the corrugation in one direction rather than the 

isotropic expansion of the balloons used in the devices described in the previous 

section. Butefisch et al. demonstrated a Pyrex-silicon-Pyrex sandwich gripper of 

this kind as shown in Figure 1.22. Two Pyrex layers at the top and the bottom 

provide the pneumatic seal while the silicon inter-layer contains air ducts, pistons, 

springs, flexure hinges and cantilevers for the grippers (Bütefisch et al., 2002). 

The bellows are 6.6x5x1.5 mm
3
 each, achieving a displacement of 600 µm at 12 

KPa input pressure. 
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Fig. 1.22: Pneumatically driven micro-gripper  showing the main component of the 

device (Bütefisch et al., 2002) 

 

Another study developed microgripper driven by a new type of bellows-shaped 

micro-actuator using micro-stereolithography (MSTL) technology. This approach 

was demonstrated by the fabrication of two kinds of micro grippers, a twoðtip 

microgripper and three-tip microgripper as shown in Figure 1.23 (a) and (b), 

respectively (Kang et al., 2006). Displacement up to 300 µm was achieved at a 

pressure of 600 KPa for one single fold. 
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(a)                                            (b) 

Figure 1.23: (a) Two-tip micro -gripper, (b)Three-tip micro -gripper (Kang et al., 

2006). 

 

¶ Artificial muscles microgripper  

The actuation principle of these micro grippers is similar to biological muscles, 

where a flexible balloon is equipped with embedded fibers that transform the 

expansion of the balloon into a contraction force (DeVolder M, 2010). McKibben 

actuators are of the most popular artificial muscle actuators and are well-known in 

large scale robotic devices because their force-stroke characteristics are similar to 

those of biological muscles (Colbrunn et al., 2001, Klute and Hannaford, 2000). 

They comprise an expandable bladder inside covered by nonelastic tabular mesh. 

De Volder et al. have reported one of the smallest McKibben actuators to date 

with an outside diameter of 1.5 mm and a length of 22 mm illustrated in figure 

1.24 (De Volder et al., 2011). A major disadvantage of McKibben Muscles is the 

limited displacement and the needed energy to deform the elastic membrane or 

tube, which consequently lowers the output force (Daerden and Lefeber, 2002). 
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Figure 1.24: a) schematic cross-section of the actuator,b) overview of the actuator, 

c&d) close-up the actuator (De Volder et al., 2011) 

 

¶ Piston-cylinder fluidic actuators 

They are the most common types of large-scale actuator because they can develop 

high actuation forces and strokes. They are rarely used in microsystems, mainly 

because they require low friction microseals which are challenging to fabricate. 

Martinez and Panepucci proposed a microgripper actuated by this principle to 

manipulate structures in the range of 5 to 50 µm as illustrated in Figure 1.25 

(Martinez and Panepucci, 2007). Pushing and pulling the backbone will result in 

opening and closing of the gripping elements. 

 

Figure 1.25: Microgripper diagram, where the moving shaft pushs and pulls the 

backbone to open and close the gripper (Martinez and Panepucci, 2007). 
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¶ Drag-based fluidic actuators 

This type of actuator uses the drag force exerted by flowing fluids, such as in 

turbines. This viscous force is usually used for both driving and bearing the 

actuator, resulting in a smooth actuation motion. Nevertheless, the actuation force 

of these actuators is usually low in comparison with the former two actuator 

configurations and they are again difficult to fabricate at the microscale. 

 

1.4 Research Objectives 

 

In the foregoing, a range of studies on a variety of designs have been reviewed in 

the field of handling microparts. One of the most important factors in comparing 

devices to each other is the actuation method used. For example, studies on fluidic 

actuation have shown promise in a number of different aspects. Despit this, fluidic 

microactuators with their large forces and power densities are still neglected in 

MEMS although they have been studied extensively over the past 20 years for 

applications in microfluidics and micro total analysis systems (µTAS) (DeVolder 

M, 2010). It has been demonstrated that such actuators produce among the highest 

force and power densities available at the microscale (DeVolder M, 2010). Low 

fabrication cost and straightforward fabrication processes compared with other 

actuators make them an attractive prospect for the application in this thesis. 

Selection of driving fluid plays an important role in the performance of a micro 

gripper, high compressibility and low viscosity being the main difference between 

pneumatics and hydraulics, which gives the advantage to hydraulic systems in 

achieving more accurate positioning. On the other hand, higher flow rates can be 

generated when using pneumatic systems due to their compressibility. Also, 

pneumatic systems are lighter than hydraulics and have different leakage 

implications to hydraulics. 

In this thesis, a range of controllable, pneumatically-driven microgrippers are 

designed, fabricated, and tested with the target for bio-manipulation.  
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Characterization of the devices is carried out to obtain a scalable design for the 

opening of the jaws of the microgripper and assessment of the gripping force. The 

overall aim is the development of a design approach for families of scalable 

microgrippers for biological manipulation including tactile feedback. Hence, the 

main objectives for this study are to develop a series of low-cost microgrippers to 

prototype stage with the following features:  

¶ Scalable design 

¶ Easy to fabricate 

¶ Controllable in terms of output force and displacement 

¶ Compatible with biological environment 

¶ Able to operate in aqueous media  

For the above mentioned demands, PMMA was the best choice for prototyping of 

the developed microgrippers as it is low cost, widely available, easy in laser 

cutting, and its compatibility with biological environment.  

 

1.5 Outline 

 

The thesis contains 7 chapters and organized as follows: 

Chapter 1 presents a general introduction to the manipulation techniques used so 

far and the advantages and disadvantages of each technique. Also, a review of the 

state-of-art of microgrippers and their categorization according to their actuation 

mechanism is presented in this chapter as well. 

Chapter 2 describes the experimental techniques that have been implemented 

during the processes of fabrication and characterization of the proposed devices. 

Chapter 3 reports on the design, fabrication and testing of a scalable, pneumatic, 

syringe-actuated polymeric microgripper.  
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Chapters 4 and 5 cover the design, fabrication and testing of a pneumatically-

driven micro-cantilever. This cantilever design forms the basis of a series of 

grippers for micro-manipulation (Chapter 4) and sensing (Chapter 5). 

Chapter 6 presents the realisation and testing of a novel design of compliant 

mechanism giving true parallel motion at the gripper faces and adapted to the 

microscale. This design is adapted to fabrication at the microscale and is 

demonstrated for fine control applications.  

Chapter 7 summarizes the main conclusions of this research and discusses the 

future potential.  
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Chapter 2: Experimental Techniques 

 

The experimental techniques involved in this research are to fabricate, 

characterize, and demonstrate the gripping devices. In this chapter, the different 

procedures involved in fabricating the devices are presented. Also, new 

approaches have been developed to characterize the prototype devices, and these 

are explained in this chapter. The various readout techniques, which play a crucial 

role in characterizing any cantilever system, and other aspects of instrumentation 

involved in demonstrating the devices are also presented in this chapter.  

 

2.1 Fabrication of Microgrippers  

 

Two different techniques of fabrication were used in this research, laser (light 

amplification by stimulated emission of radiation) cutting and photo-etching 

technology.  

2.1.1 Laser Micro- Machining  

Laser micromachining was an essential tool in the design, development, and 

fabrication of many parts of actuators and microgrippers reported in this thesis. 

Laser machining is one of the most widely used means for complex machining 

processes. It is applicable for almost a whole range of materials (Dubey and 

Yadava, 2008). Moreover, due to its precision and high intensity, laser machining 

has a wide application in fine cutting without affecting the machined parts 

(Choudhury and Shirley, 2010). Also, because it is a subtractive technique, laser 

cutting can be used on bulk-produced materials thus offering a better control over 

structural properties such as strength and elastic modulus and the potential for low 

defect contents.  
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¶ Carbon dioxide (CO2) laser 

Carbon dioxide lasers (CO2), with wavelength of 10 µm, is one of the most 

widely used types among different types of laser machining (Dubey and Yadava, 

2008). They are the highest power continuous wave lasers and it was found that 

for fine cutting of sheet metals, CO2  lasers are more suitable to be used. Also, 

other advantages such as the high average of beam power and quality, and the 

better efficiency should be considered (Tabata et al., 1996). CO2, N2, and He are 

the gases comprising CO2 lasers. They are mixed and led into a discharge tube 

and travel through the tube and pumped out of the other end by a mechanical 

forepump. While the left full mirror is fully reflective, the right one is partially 

transmitting creating a laser radiates at 10.6 microns. 

Fabrication of the prototype of microgripper in chapter 3 was performed using a 

maskless laser microfabrication procedure. Polymethyl-methacrylate (PMMA) 

sheet was cut using a TROTEC Speedy 300
TM

 CO2 laser cutter, shown in Figure 

2.1, with a 120W maximum power and a large workspace area. PMMA was used 

here as it is relatively inexpensive and polymer materials are generally more 

easily worked by laser cutting (Choudhury and Shirley, 2010). The best 

parameters were found for the cutting of 1mm thick PMMA was 8 W power and 

0.25 mm/s using several passes to ensure clean and precise cut without burning. 

Under these conditions, the cut can be reproduced with an edge precision of 50 

µm. However, despite of its capability of rapid prototyping, such laser cutter is not 

sufficient for cutting thick metals as high power is required for such procedure.  
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Figure 2.1: CO2 laser system; (a) TROTEC Speedy 300
TM

 laser system, (b) Control 

panel of the system, (c) Workspace 

 

 

¶ Picosecond laser 

The picosecond laser is a Trumpf Tru Micro 5x50 as illustrated in Figure 2.2. A 

solid state laser that is an oscillator that is mode-locked with an amplifier and 

diode pumped with a thin disk laser. Mode locking is the technique of creating a 

pulsed laser capable of pulses with an extremely short duration. 
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It could be operated in three wavelengths, 1064 nm (IR), 532 nm (Green), and  

355 nm (UV). 125 µJ and 400 KHz are the maximum pulse energy and repetition 

rate, respectively, in IR wavelength range therefore creating a 50 W average 

power. In the green wavelength range, the maximum power is 30 W that makes 

the pulse energy 75 µJ. in the UV, the maximum power is 14 W with 35 µJ  pulse 

energy. These values are maximum values and can be modified as the 

modification takes place in the software. 

 

 

Figure 2.2: Trumpf TruMicro picosecond laser 

 

Positioning the work piece is achieved using three axis linear stages (Aerotech) 

that are controlled via a software interface as programs could be written to 

achieve movements in a specific order. These stages are driven by a screw and a 

servo motor and the accuracy is limited to ± 6µm in Z-axis, ±8µm in Y-axis, and 

±16 µm in X-axis. Under these conditions, the cut can be reproduced with an edge 

precision of 15 µm. 
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2.1.2 Photoetching Machining  

Photoetching, which is also known as photo-chemical machining, is a non-

traditional manufacturing procedure combining photoresist imaging and chemical 

etching (Roy et al., 2004). Photoetching is typically producing parts that are thin, 

flat, and complex. It has the advantage of the fast and cost effective procedure 

over traditional manufacturing processes and produces high precise parts (Roy et 

al., 2004). This procedure starts by coating a cleaned metal with a photo-resist 

making the metal photo-sensitive. Then, the coated sheet is exposed to ultraviolet 

(UV) light. The UV light hits the photo-sensitive resist and hardens. The black 

photo tool will reflect the UV light and the photo-sensitive resist remains soft. 

These soft areas are then removed from the developed metal producing areas of 

bare metal that will be etched away. The remaining areas of photo-resist cover the 

parts that will remain at the end of the etching process. Etching process takes 

place after that, where an acid attacks the bare metal. Upon the completion of the 

etching process, the photo resist is removed leaving a clean etched part. The 

photo-etching processes are illustrated in the following figure, see Figure 2.3. 

However, the main disadvantage of this technique is that it is not very effective at 

creating shapes that are not flat. Moreover, this procedure requires extremely 

clean operation conditions. In this procedure, a negative photo-resist, dry film, 

was used to implement this procedure as the adhesion to various substrates for 

such photo-resists is better than for the positive ones.  
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Figure 2.3: Photo-etching procedure 

 

2.2 Characterization of Microgrippers 

 

An important indication of the proposed devices weather they are reliable or not is 

to characterize the performance of the device. Different instruments and schemes 

have been implemented to achieve this task. In the following sections, each 

technique implemented will be presented. 

 

2.2.1 Estimation of Output Force 

Due to the nature of biological micro-object, manipulating them requires highly 

reliable devices. One of the most important factors is the handling, or gripping 

force. This force has to be controlled in such a way not to damage the 

manipulated micro-object. Hence, fulfilling this need is highly demanded. Figure 

2.4 shows a new approach used to measure the output force for the syringe 

actuated microgripper in chapter 3 using various sizes of rubber O-ring. The 
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rubber O-rings were calibrated by holding them in a set of jaws attached to a fixed 

stage translational device and advancing the O-ring towards the balance to 

measure the force as a function of the ratio a/b thus giving a measure of the O-

ring stiffness. Then, each O-ring was picked up by the gripper three times and the 

ratio a/b measured.  

 

Figure 2.4: Measurement of O-ring stiffness and deformation index a/b (Left) and 

schematic drawing of experimental procedure for obtaining output force (Right). 

 

Another approach has been implemented to calibrate the output force of the 

microcantilever-based gripper. A digital scale of up to four decimals has been 

used to obtain the generated force at the tip of cantilever, see Figure 2.5, where 

the cantilever tip is in direct contact with a metallic ball to ensure  a one point 

contact between the ball and the cantilever tip.  

 

Figure 2.5: Schematic diagram of calibrating output force. 
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2.2.2 Readout Techniques  

A very important aspect of any beam deflection system is the readout techniques. 

A high-accuracy and real-time measurements in the sub-nanometer range is 

required. The most commonly readout techniques could be categorizes as optical 

(Ilic et al., 2004), piezoresistive (Lee et al., 2005), capacitive (Zhou et al., 2006), 

and metal-oxide semiconductor field-effect transistors (MOSFETs) (Shekhawat et 

al., 2006). Each of these has its advantages and disadvantages as well. But, the 

most commonly used ones are the optical and the piezoresistive ones. 

 

The working principle of piezoresistive readout techniques depends on detection 

of changes in the resistivity of the material of the cantilever when a stress is 

applied (Baselt et al., 1997, Minne et al., 1995, Tortonese et al., 1993, Yu et al., 

2002). The resistivity of a piezoresistive material will change when such a 

material incurs a strain. This change in resistivity will be then measured by 

external devices. However, such readout techniques have their limitations. For 

example, the sensitivity and resolution of the system will be negatively affected 

by the built-in noise (Yu et al., 2002). Furthermore, it is a challenging task to 

fabricate a piezoresistive based microcantilever device that incorporates built-in 

electronics. 

 

The other common observation techniques for the detection of bending in 

cantilever beams is the optical beam detection system. This system and its data 

acquisition code was built by Dr. Yifan Liu, a former PhD student in our research 

group. As shown in Figure 2.6, the main components of the system are: position 

sensitive photodiode (PSD, Laser Component PSM 1-10), 5mW laser diode (532 

nm, ThorLab), data acquisition card (National Instruments BNC-2120), and a 

computer with LabVIEW support.  

 

Focusing a laser diode on the tip of cantilever which acts as a mirror reflecting the 

laser beam toward a PSD, Figure 2.6. Throughout the reflection, the detected 

signal by PSD is then amplified and sent to the computer  to analyze and record 
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the signals. The main advantage of this system is its capability to detect to sub-

nanometer ranges (Waggoner and Craighead, 2007). Also, the absence of 

electrical connection between the cantilever and the system, linear response, ease 

of setup and use and reliability are other advantages of such detection system.  

 

 

Figure 2.6: Schematic illustration setup of the optical beam detection system for 

measuring the deflection of microcantilever beam. 

 

The acquired data through the mentioned readout system will appear as in Figure 

2.7. 

 

 

Figure 2.7: Sample raw data from optical beam detection system where the output is 

the amplitude of the deflection of the cantilever tip in volts.  
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The used PSD directly and linearly converts the laser spot into two currents (iA 

and iB) from its two ends. These outputs are processed internally through a 

specified arrangement ending up with signals that can be measured, X, Y, and 

intensity signals output. As the laser spot reflection moves because of the 

cantilever deflection, the positional change in Y can be determined to be: 

   Ўᾀ Ўὠ                   (2.1) 

where L is the length of the cantilever, LPSD is the length of PSD area, s is the 

distance from the cantilever tip to the PSD, and æV is the amplitude of the output 

bending signal in volts.   

For calibration of the system and maximization of the readout signal, the laser 

beam is required to focus on the tip of the cantilever where the most deflection 

takes place. The laser beam is moved until it is centered on the cantilever tip, and 

at the same time, ensuring the presence of a reflective signal using the PSD. As a 

signal is achieved by realizing a positive intensity signal, the laser is then further 

adjusted to get the optimum combination of the maximum intensity signal while 

still focusing on the tip of the cantilever. Finally, centering the laser (Y position) 

to 0 allows maximum possible signal change, although it is not required as the 

signal is not enough to reach the boundaries, 10 V.  

2.2.3 Programming 

 

The programming and control of the actuation and detection of the 

microcantilever based microgripper was performed by using LabVIEW 8.5. The 

inputs into LabVIEW are actuation frequency for the actuation phase and the data 

acquisition frequency in the detection phase. For the actuation phase, the program 

is controlling the opening and closing of the valve in the pneumatic circuit which 

will be further discussed in the next section. The front panel, see Figure 2.8, in 

this step consists of three variables; pumping cycles, no. of cycles, and the 

pumping pulse in ms. For example, if the pumping pulse was 1000 ms, it means 

that the frequency of pumping is 1Hz. 
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Fig. 2.8: LabView front panel for actuation phase where the actuation frequency 

can be changed by changing the pumping pulse. 

 

In the detection phase, the program is employed to detect the deflection at the tip 

of the microcantilever. The front panel, see Figure 2.9, consists of three XY 

graphs: differential, intensity, and normalized cantilever signal. File saving and 

data acquisition frequency are represented at the top left of the front panel. Once 

the program is started, the data will be saved automatically in the specified path as 

a text file in a spreadsheet format. Data acquisition frequency is controlled by two 

variables: scan rate, and scans to read at a time. While the scan rate is the 

frequency in Hz of the speed that the data should be acquired, scans to read at a 

time determines the number of data points should be read at once before acquiring 

again. Hence, if the scan rate set to be 300 kHz and the scans to read 100, 300 

data point per second will be provided.  
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Figure 2.9: LabVIEW front panel for optical detection of cantilever bending 

 

2.2.4 Control of Pneumatic System 

The pneumatic circuit consists mainly of four components: pressurized air 

cylinder, a digital  pressure gauge, pumping valve, and the previously mentioned 

pneumatic control LabVIEW program. As shown in Figure 2.10, the gas released 

from the gas cylinder passing through the digital pressure gauge to deliver the 

desired amount of pressure to the system. Then, the valve, which is controlled by 

the LabVIEW program, opens and shuts according to the input parameters to the 

program. The control of the valve enhances the dynamic analysis for the sensing 

and palpation procedure. 
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Fig. 2.10: Schematics of the pneumatic system where the pressurized air travels 

through the delivery tube and adjusted by the pressure gauge, the valve is used to 

supply the pressurized air under the actuation frequency controlled by the 

LabVIEW software  

 

 

2.3 Micro-Manipulation  

 

The processes of micro-manipulation was accomplished using a CNC (Mach3 

make) machine. Figure 2.11 shows the set-up used to perform this process. The 

micro-manipulator is clamped to the moving stage and the positioning is being 

controlled automatically as Figure 2.12 shows the control screen of the software 

used to operate the CNC machine. 
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Figure 2.11: Manipulation set-up used to perform an automated controlled 

micromanipulation of various sizes of micr-objects 

 

 

 

Figure 2.12: Front panel for operating CNC machine used to control the pick-place 

operation for the micro-cantilever based microgripper. 

 

As seen in Figure 2.12, the top left indicates the exact position of the micro-

manipulator very precisely. In the input space, the user types the desired position 




















































































































































