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APPARATUS AND METHOD FOR LIQUID DISPENSING 

Technical Field 

[0001] Embodiments relate generally to apparatus and method for liquid 

5 dispensing. 

Background 

[0002] Liquid dispensing on substrate may be categorized into contact and non-

contact approaches. Liquid dispensing may include dispensing a stream of liquid, 

10 dispensing a discrete volume of liquid, droplet dispensing, droplet formation, droplet 

ejection etc.. In contact printing, capillary pins are utilized to draw liquids and transfer 

the liquid to a substrate through a physical contact of the pin with the surface of 

substrate. During non-contact liquid dispensing on substrate, mechanical actuations 

are usually employed to dispense the liquid through small flow-exit. Such actuation 

15 techniques include thermal actuation, acoustic actuation, piezoactuation, pneumatic 

actuation and electrostatic actuation. 

[0003] In bio-medical applications, it is usually a requirement that the parts in 

contact with the liquid are maintained thoroughly clean and sterilized for each 

application. Ideally, it would be preferable if the used parts may be disposed after 

20 each application so that new sterilized parts may be used for the next application. 

However, the current techniques for liquid dispensing either require equipment that 

may be difficult to clean and sterilized after each application, or are too costly to be 

disposed after each application. 

[0004] Example embodiments provide apparatus and method for liquid dispensing 

25 that seek to address at least some of the issues identified above. 
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Summary 

[0005] According to various embodiments, there is provided a liquid dispensing 

apparatus including a plate having a flow-exit at an end of the plate; and an actuation 

unit including at least two support points for supporting the plate, wherein a first 

5 surface of the plate is received on the at least two support points, and an actuation 

mechanism adapted to deform a portion of the plate between the at least two support 

points to cause a deflection of the end of the plate to move the flow-exit. 

[0006] According to various embodiments, there is provided an actuation unit for 

a liquid dispensing apparatus, the actuation unit including at least two support points 

10 adapted to receive a first surface of a plate for supporting the plate, and an actuation 

mechanism adapted to deform the plate, with the first surface of the plate received on 

the at least two support points, at a portion of the plate between the at least two 

support points to cause a deflection of an end of the plate to move a flow-exit at the 

end of the plate. 

15 [0007] According to various embodiments, there is provided a plate for a liquid 

dispensing apparatus, the plate including a flow-exit at an end of the plate, wherein a 

first surface of the plate is adapted to be received on at least two support points for 

supporting the plate, and wherein the plate, with the first surface of the plate received 

on the at least two support points, is adapted to deform at a portion of the plate 

20 between the at least two support points to cause a deflection of the end of the plate to 

move the flow-exit. 

[0008] According to various embodiments, there is provided a method for liquid 

dispensing, the method including deforming a portion of a plate between at least two 

support points to cause a deflection of an end of the plate to move a flow-exit at the 
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end of the plate, wherein the plate is supported on the at least two support points with 

a first surface of the plate received on the at least two support points. 

Brief description of the drawings 

5 [0009] In the drawings, like reference characters generally refer to the same parts 

throughout the different views. The drawings are not necessarily to scale, emphasis 

instead generally being placed upon illustrating the principles of the invention. In the 

following description, various embodiments are described with reference to the 

following drawings, in which: 

10 FIG. 1 shows a schematic block diagram of a liquid dispensing apparatus 

according to various embodiments; 

FIG. 2 shows a schematic diagram of a basic operation of a liquid dispensing 

apparatus according to various embodiments; 

FIG. 3 shows a schematic diagram of a liquid dispensing apparatus according 

15 to various embodiments; 

FIG. 4 shows simulation results of vibration of a simply supported bending 

plate according to various embodiments; 

FIG. 5 shows a photograph of precisely controlled liquid array generated and 

collected on a flat substrate via the liquid dispensing apparatus according to various 

20 embodiments; 

FIG. 6A shows a circular plate with flow-exits arranged around the 

circumference of the circular plate according to various embodiments; and 

FIG. 6B shows a rectangular plate with flow-exits lined across a breadth of an 

end of the plate according to various embodiments. 

25 
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Detailed description 

[0010] Embodiments described below in context of the apparatus or device are 

analogously valid for the respective methods, and vice versa. Furthermore, it will be 

5 understood that the embodiments described below may be combined, for example, a 

part of one embodiment may be combined with a part of another embodiment. 

[0011] It should be understood that the terms "on", "over", "top", "bottom", 

"down", "side", "back", "left", "right", "front", "lateral", "side", "up", "down", etc., 

when used in the following description are used for convenience and to aid 

10 understanding of relative positions or directions, and not intended to limit the 

orientation of any device, or structure or any part of any device or structure. 

[0012] FIG. 1 shows a schematic block diagram of a liquid dispensing apparatus 

100 according to various embodiments. The liquid dispensing apparatus 100 may 

include a plate 110. The plate 110 may be in the form of a sheet or a panel with two 

15 surfaces, for example a first surface and a second surface opposite the first surface. 

The plate 110 may be in any shape, for example, rectangle, square, oval, circle, etc.. 

The plate 110 may have a flow-exit at an end of the plate 110. The flow-exit may be 

in the form of a nozzle. The flow-exit may be adapted to contain the liquid for 

subsequent liquid dispensing. According to various embodiments, liquid dispensing 

20 may include dispensing a stream of liquid, dispensing a discrete volume of liquid, 

droplet dispensing, droplet formation, droplet ejection etc.. 

[0013] The liquid dispensing apparatus 100 may further include an actuation unit 

130. The actuation unit 130 may be operated to cause the flow-exit of the plate 110 to 

dispense liquid. According to various embodiments, to dispense liquid may include to 

25 dispense stream of liquid, to dispense discrete volume of liquid, to dispense liquid 



WO 2016/144262 PCT/SG2016/050109 

5 

droplets or to eject liquid droplets etc.. The actuation unit 130 may include at least 

two support points 134 for supporting the plate 110. A first surface of the plate 110 

may be received on the at least two support points 134 of the actuation unit 130. In 

other words, the actuation unit 130 may include supporting means, for example the at 

5 least two support points 134, adapted to support the plate 110 at at least two locations 

on the first surface of the plate 110. 

[0014] The actuation unit 130 may further include an actuation mechanism 132 

adapted to deform a portion of the plate 110 between the at least two points 134 to 

cause a deflection of the end of the plate 110 to move the flow-exit. For example, the 

10 actuation mechanism 132 may be adapted to apply a force towards a second surface 

opposite the first surface of the plate 110 between the at least two support points 134 

to deform the portion of the plate 110 between the at least two support points 134. 

Accordingly, the actuation mechanism 132 of the actuation unit 130 may be operated 

to generate the force, which may be directed towards the second surface of the plate 

15 110 when the plate 110 is supported on the at least two support points 134 with the 

first surface of the plate 110 received on the at least two support points 134. The force 

may act on the second surface of the plate 110 within the portion of the plate 110 

between the at least two support points 134 such that the portion of the plate 110 

between the at least two support points 134 may be deformed. Deformation of the 

20 portion of the plate 110 between the at least two support points 134 may be achieved 

because the force generated by the actuation mechanism 132 may act on the second 

surface of the plate 110 between the at least two support points 134, while each of the 

at least two support points 134 may apply an opposing force on the first surface of the 

plate 110. Since the end of the plate 110 may be a free end that may move freely, the 

25 deformation of the portion of the plate 110 between the at least two support points 
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134 may cause a deflection of the end of the plate 110 such that the flow-exit on the 

end of the plate 110 may move in accordance to the deflection of the end of the plate 

110. 

[0015] According to various embodiments, liquid may be contained within the 

5 flow-exit via surface tension. Movement of the flow-exit due to the deflection of the 

end of the plate 110 as a result of the deformation of the portion of the plate 110, may 

cause the liquid to overcome the surface tension such that the liquid may be dispensed 

from the flow-exit. The liquid dispensed may be a stream of liquid, a discrete volume 

of liquid or a liquid droplet. 

10 [0016] Therefore, with a single application of the force on the plate 110 between 

the at least two support points 134, the portion of the plate 110 between the at least 

two support points 134 may be deformed to cause a deflection of the end of the plate 

110 for moving a single flow-exit to dispense liquid. In an embodiment in which the 

end of the plate 110 has multiple flow-exits, multiple streams of liquid may be formed 

simultaneously with a single application of the force. In another embodiment, 

multiple discrete volume of liquid may be simultaneously dispensed. In yet another 

embodiment, multiple droplets of liquid may be simultaneously dispensed. 

[0017] As described above, a liquid dispensing apparatus 100 may include a plate 

110 having a flow-exit at an end of the plate 110; and an actuation unit 130 including 

at least two support points 134 for supporting the plate 110, wherein a first surface of 

the plate 110 is received on the at least two support points 134, and an actuation 

mechanism 132 adapted to deform a portion of the plate 110 between the at least two 

support points 134 to cause a deflection of the end of the plate 110 to move the flow-

exit. The actuation mechanism 132 may be further adapted to apply a force towards a 

second surface opposite the first surface of the plate 110 between the at least two 
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support points 134 to deform the portion of the plate 110 between the at least two 

support points 134. 

[0018] According to various embodiments, the actuation mechanism 132 of the 

actuation unit 130 may be further adapted to periodically (typically in a frequency of a 

5 few Hertz such as 1-10 Hz to several thousand Hertz, such as 2000-5000 Hz) deform 

the portion of the plate 110 between the at least two support points 134 to cause a 

vibration at the end of the plate 110 to oscillate the flow-exit. For example, the 

actuation mechanism 132 may be adapted to periodically apply a force towards the 

second surface of the plate 110 between the at least two support points 134 to 

10 periodically deform the portion of the plate 110 between the at least two support 

points 134. Accordingly, when the force is applied periodically, for example 

repeatedly applied and removed, the portion of the plate 110 may be repeatedly 

deformed elastically. In other words, the portion of the plate 110 may repeatedly 

deform and return to its original shape. The repeated elastic deformation of the 

15 portion of the plate 110 may cause the end of the plate 110 to repeatedly be deflected 

from and returned to its original configuration. The repeated deflection and return of 

the end of the plate 110, i.e. the vibration of the end of the plate 110, may repeatedly 

displace and return the flow-exit from and to an initial position respectively to 

oscillate the flow-exit. During each cycle of the oscillation of the flow-exit, liquid 

20 may be dispensed. Thus, in an embodiment, multiple streams of liquid may 

continuously be dispensed from the oscillation of the flow-exit. In another 

embodiment, multiple discrete volume of liquid may continuously be dispensed from 

the oscillation of the flow-exit. In yet another embodiment, multiple droplets of liquid 

may continuously be dispensed from the oscillation of the flow-exit. 
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[0019] According to various embodiments, the actuation mechanism 132 may be 

adapted to deform the plate 110 in response to an excitation signal. Accordingly, the 

actuation mechanism 132 may be operated to deform the plate 110 based on the 

excitation signal received by the actuation mechanism 132. Advantageously, the 

5 liquid dispensing apparatus 100 may be easily operated by controlling the excitation 

signal sent to the actuation mechanism 132. 

[0020] According to various embodiments, the excitation signal may include 

various types of signal depending on how liquid dispensing is desired. For example, 

the excitation signal may include a periodic signal or a pulse signal. A periodic signal 

10 may include periodic waveform such as square wave or sine wave. When the volume 

of liquid desired to be dispensed is larger than the volume of liquid dispensed in a 

single oscillation of the flow exit, the periodic signal may be used as the excitation 

signal to control the actuation mechanism 132 for periodic deformation of the plate 

110 to vibrate the end of the plate 110 for periodically oscillating the flow-exit. 

15 Accordingly, liquid may be dispensed multiple times as the flow-exit oscillates 

periodically such that the desired volume of liquid may be accumulatively dispensed. 

When a one-time liquid dispensing is desired, a single pulse signal may be used as the 

excitation signal to control the actuation mechanism 132 for a one-time deformation 

the plate 110 to deflect the end of the plate 110 to move the flow-exit for performing a 

20 one-time liquid dispensing. Therefore, the amount of liquid desired to be dispensed 

may be accurately controlled with the excitation signal. 

[0021] According to various embodiments, the actuation mechanism 132 of the 

actuation unit 130 may include a rotary cam mechanism. The rotary cam mechanism 

may transform rotary motion into linear motion to apply the force towards the second 

25 surface of the plate 110 between the at least two support points 134. 
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[0022] According to various embodiments, the rotary cam mechanism may be 

arranged above and between the at least two support points 134 such that the plate 

110 may be sandwiched between the rotary cam mechanism and the at least two 

support points 134. In this arrangement, the first surface of the plate 110 may be 

5 received on the at least two support points 134 and the second surface of the plate 110 

may be facing the rotary cam mechanism. 

[0023] According to various embodiments, the rotary cam mechanism may 

include a rotary cam adapted to directly contact the second surface of the plate 110 for 

applying the force directly on the second surface of the plate 110. In this arrangement, 

10 the rotary cam may be a plate cam or a disc cam having an eccentric shape. The rotary 

cam may be rotated about an axis. Rotating the cam may slide a perimeter of the 

rotary cam against a point on the second surface of the plate 110. Due to the 

difference in the radial displacement of the perimeter of the eccentrically shaped 

rotary cam from the axis, a force may then be directly applied against the point on the 

15 second surface of the plate 110 as the rotary cam rotates. 

[0024] According to various embodiments, the rotary cam may not be in direct 

contact with the plate 110. Instead, the cam may be in contact with an end of a lever, 

and the other end of the lever may be in contact with the plate 110. In this 

arrangement, rotating the cam may cause a reciprocating (back and forth) motion on 

20 the lever such that the lever may apply the force on the second surface of the plate 

110. 

[0025] According to various embodiments, the actuation mechanism 132 of the 

actuation unit 130 may include an electromagnet actuation mechanism. The 

electromagnet actuation mechanism may involve the use of electromagnetic forces to 
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move components of the electromagnet actuation mechanism to generate the force for 

applying on the second surface of the plate 110. 

[0026] According to various embodiments, the electromagnet actuation 

mechanism may include an electromagnet. The electromagnet actuation mechanism 

5 may further include a permanent magnet spaced vertically apart from the 

electromagnet and movable relative towards the electromagnet. The electromagnet 

may be arranged between the at least two support points 134 and to face the first 

surface of the plate 110 received on the at least two support points 134. The 

permanent magnet may be arranged above the electromagnet and to face the second 

10 surface of the plate 110. Accordingly, the plate 110 may be sandwiched between the 

permanent magnet and the electromagnet. In other words, the plate 110 may separate 

the permanent magnet from the electromagnet as well as the at least two support 

points 134. 

[0027] Further, the electromagnet may be operable to magnetically attract the 

15 permanent magnet for moving the permanent magnet relative towards the 

electromagnet to cause the permanent magnet to apply the force towards the second 

surface of the plate 110 between the at least two support points 134 for deforming the 

portion of the plate 110 between the at least two support points 134. Accordingly, 

when the electromagnet is energized to attract the permanent magnet, the permanent 

20 magnet may be attracted and moved towards the electromagnet. Since the plate 110 is 

adapted to separate the electromagnet from the permanent magnet, as the permanent 

magnet moves towards the electromagnet, the permanent magnet may move into the 

second surface of the plate 110. As a result, the permanent magnet may apply a force 

and push into the second surface of the plate 110 to deform the portion of the plate 

25 110 between the at least two support points 134. 
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[0028] According to various embodiments, the arrangement of the electromagnet 

and the permanent magnet may be reversed. In this reversed arrangement, the 

electromagnet may be above the permanent magnet, and the electromagnet may be 

movable relative to the permanent magnet. Accordingly, the electromagnet may be 

5 the one that moves into the second surface of the plate 110 to apply a force and push 

into the second surface of the plate 110 to deform the portion of the plate 110 between 

the at least two support points 134. 

[0029] According to various embodiments, the actuation mechanism 132 may 

further include a controller adapted to control the operation of the electromagnet 

10 actuation mechanism based on an excitation signal. The controller may control the 

voltage and current to energize the electromagnet in response to the excitation signal 

received so as to control the strength of the attractive force. The controller may also 

energized the electromagnet based on a periodic wave form received, such as square 

wave or sine wave at various frequency, to periodically apply the force towards the 

second surface of the plate 110 for periodic deformation of the portion of the plate 

110 between the at least two support points 134. 

[0030] According to various embodiments, the at least two support points 134 

may be adapted to removably received the plate 110. Accordingly, the plate 110 may 

be simply received on the at least two support points 134 such that the plate 110 may 

be easily removed. For example, the plate 110 may be detachable from the at least 

two support points 134 after being placed on the at least two support points 134. The 

plate 110 may also be simply placed and supported on the at least two support points 

134, which may be spaced apart so as to provide sufficient support for the plate 110. 

The plate 110 and the at least two support points 134 may also include snap and fit 

attachment means for detachably attaching the plate 110 to the at least two support 
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points 134. The plate 110 may further be simply clamped or attached using magnets. 

Advantageously, the plate 110 may be easily removed from the liquid dispensing 

apparatus 100 for cleaning and sterilizing of the plate 110 after each use of the plate 

110. Being detachably received may also allow disposable plate to be used in the 

5 liquid dispensing apparatus 100. 

[0031] According to various embodiments, the flow-exit may be integrally formed 

with the plate 110. Accordingly, the plate 110 and the flow-exit may be formed as one 

body. Advantageously, the plate 110 may be produced at low cost and the plate 110 

may be produced as a disposable part. 

10 [0032] According to various embodiments, the flow-exit may be a separate part 

attached to the plate 110. 

[0033] According to various embodiments, the plate 110 may include a 

microfluidic channel in fluid connection with the flow-exit. The microfluidic channel 

may allow liquid to flow into the flow-exit such that the flow-exit may be filled with 

15 liquid for dispensing. 

[0034] According to various embodiments, the microfluidic channel may be 

integrally formed with the plate 110. Accordingly, the plate 110 and the microfluidic 

channel may be formed as one body. 

[0035] According to various embodiments, the microfluidic channel may be a 

20 separate part connected to the flow-exit of the plate 110. 

[0036] According to various embodiments, the liquid dispensing apparatus 100 may 

include a liquid source adapted to supply liquid to the microfluidic channel. 

[0037] According to various embodiments, the liquid source may include a liquid 

reservoir on the plate 110. The liquid reservoir may be adapted to store liquid. The 

25 liquid reservoir may be in fluid communication with the flow-exit via the microfluidic 
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channel such that liquid may flow from the liquid reservoir through the microfluidic 

channel to the flow-exit. 

[0038] According to various embodiments, the liquid reservoir may be integrally 

formed with the plate 110. 

5 [0039] According to various embodiments, the liquid reservoir may also be a 

separate part connected to the flow-exit of the plate 110. 

[0040] According to various embodiments, liquid may be directed to the flow exit 

from the liquid source or the liquid reservoir via pressurized flow. 

[0041] According to various embodiments, a distance between the end of the plate 

10 110 and a midpoint of a line joining the at least two support points 134 may be larger 

than twice of a distance between any one of the at least two support points 134 and 

the midpoint. Advantageously, when the distance measured from the end of the plate 

110 to the midpoint between the at least two support points 134 is larger than twice 

the distance measured between any one of the at least two support points 134 and the 

15 midpoint (or the distance measured between the at least two support points 134), the 

deflection at the end of the plate 110 may be larger than the deformation experienced 

by the portion of the plate 110 between the at least two support points 134. Thus, the 

deflection at the end of the plate 110 may be an amplification of the deformation 

experienced by the portion of the plate 110 between the at least two support points 

20 134. When the force is periodically or cyclically applied to the plate 110, the vibration 

of the end of the plate 110 may be an amplification of the cyclic elastic deformation 

experienced by the portion of the plate 110 between the at least two support points 

134. Advantageously, the amplification effect may allow a small force to be applied 

on the plate 110 for achieving the desired deflection or vibration to dispense liquid 

25 from the flow-exit at the end of the plate 110. 



WO 2016/144262 PCT/SG2016/050109 

14 

[0042] According to various embodiments, the plate 110 may include a plurality 

of flow-exits. Advantageously, with a plurality of flow-exits, multiple streams of 

liquid, or multiple discrete volume of liquid, or multiple liquid droplets may be 

formed simultaneously with a single application of force of the plate 110 to cause a 

5 single deflection of the end of the plate 110. 

[0043] According to various embodiments, the plate 110 may be rectangular in 

shape and the flow-exit or the plurality of flow-exits may be on one extreme end of 

the rectangular plate 110. 

[0044] According to various embodiments, the plate 110 may be circular in shape 

10 and the plurality of flow-exit may be distributed around the circumference of the 

circular plate 110. 

[0045] According to various embodiments, the plate 110 may be made of a 

material selected from the group consisting of plastic, copper, aluminium or stainless 

steel. Advantageously, the material may be made of low cost material and may be 

15 deformable. Further, by making use of non magnetic material for the plate 110, an 

electromagnet actuation mechanism may be used for the actuation unit 130. 

[0046] According to various embodiments, the at least two support points 134 

may include at least two separate points on two separate support structures 

respectively. For example, the actuation unit 130 may include two separate support 

20 structures. Each of the two separate support structures may provide one support point. 

[0047] According to various embodiments, the at least two support points 134 

may include at least two separate points on a support structure. For example, the 

actuation unit 130 may include one support structure which contain both the at least 

two support points 134. Accordingly, the one support structure may be a ring-shaped 

25 support structure. The ring-shaped support structure may contain both the at least two 
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support points 134 for receiving the first surface of the plate 110. In an 

implementation, the ring-shaped support structure may be suitable for supporting a 

circular plate with a plurality of flow-exits distributed along the circumference of the 

circular plate. 

5 [0048] According to various embodiments, there may be provided an actuation 

unit 130 for a liquid dispensing apparatus 100. The actuation unit 130 may include at 

least two support points 134 adapted to receive a first surface of a plate 110 for 

supporting the plate 110, and an actuation mechanism 132 adapted to deform the plate 

110, with the first surface of the plate 110 received on the at least two support points 

10 134, at a portion of the plate 110 between the at least two support points 134 to cause 

a deflection of an end of the plate 110 to move a flow-exit at the end of the plate 110. 

The actuation mechanism 132 may be further adapted to apply a force between the at 

least two support points 134 towards a second surface opposite the first surface of the 

plate 110 to deform the portion of the plate 110 between the at least two support 

15 points 134. 

[0049] According to various embodiments, the actuation unit 130 may be further 

adapted to apply the force perpendicularly towards the second surface of the plate 

110. 

[0050] According to various embodiments, there may be provided a plate 110 for 

20 a liquid dispensing apparatus 100, the plate 110 may include a flow-exit at an end of 

the plate 110. The flow-exit may be in the form of a nozzle. A first surface of the plate 

110 may be adapted to be received on at least two support points 134 for supporting 

the plate 110. The plate 110, with the first surface of the plate 110 received on the at 

least two support points 134, may be adapted to deform at a portion of the plate 110 

25 between the at least two support points 134 to cause a deflection of the end of the 
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plate 110 to move the flow-exit. The plate 110 may be adapted to be deformed at the 

portion of the plate 110 between the at least two support points 134 by a force applied 

between the at least two support points 134 towards a second surface opposite the first 

surface of the plate 110. 

5 [0051] According to various embodiments, there may be provided a method for 

liquid dispensing. The method may include deforming a portion of a plate 110 

between at least two support points 134 to cause a deflection of an end of the plate 

110 to move a flow-exit at the end of the plate 110, wherein the plate 110 is supported 

on the at least two support points 134 with a first surface of the plate 110 received on 

10 the at least two support points 134. Deforming the portion of the plate 110 may 

include applying a force between the at least two support points 134 towards a second 

surface opposite the first surface of the plate 110. 

[0052] According to various embodiments, the method may further include 

placing the plate 110 on the at least two support points 134. 

15 [0053] According to various embodiments, the at least two support points 134 

may be on a supporting structure or supporting structures of an actuation unit 130 of a 

liquid dispensing apparatus 100. Accordingly, the method may further include 

operating the actuation unit 130 of the liquid dispensing apparatus 100 for applying 

the force between the at least two support points 134 towards the second surface of 

20 the plate 110. 

[0054] FIG. 2 shows a schematic diagram of a basic operation of a liquid 

dispensing apparatus 200 according to various embodiments. As shown in FIG. 2, 

liquid dispensing may be achieved through vibration of a plastic plate 210 bent 

mechanically by a force. Advantageously, the plastic plate 210 may be low in cost to 

25 be manufactured. The plastic plate 210 may be simply attached to the liquid 



WO 2016/144262 PCT/SG2016/050109 

17 

dispensing apparatus 200, for example by magnet based clamping. As shown in FIG. 

2, the rectangular plate 210 may be supported at two points 234 towards one end 

along the longer side. An amplified vibration may be simply achieved at the other end 

of the plate 210 by exciting the plate 210 at the middle of two supports 234 to achieve 

5 low energy actuation. In FIG. 2, the amplitude of the vibration at the other end of the 

plate 210 is represented by AD, and the amplitude of the excitation of the plate 210 at 

the middle of the two supports 234 is represented by Ad. In FIG. 2, it is shown that 

AD » Ad . in other words, the amplitude of the vibration at the other end of the plate 

210 is greater than the amplitude of the excitation of the plate 210 at the middle of the 

10 two supports 234. Accordingly, an amplified vibration may be obtained at one end of 

a rectangular plate 210 by exciting the plate 210 at the middle of two supports 234 

towards the other end of the plate 210. 

[0055] FIG. 3 shows a schematic diagram of a liquid dispensing apparatus 300 

according to various embodiments. The liquid dispensing apparatus 300 may include 

15 an electromagnet 342, a permanent magnet 344, a rectangular plastic plate (in other 

words a plate) 310 integrated with flow-exits 312 and an electromagnet excitation 

control system (in other words a controller) 336. The flow-exits 312 may be nozzles. 

The electromagnet 342 and the permanent magnet 344 may be part of an actuation 

mechanism 332 of an actuation unit 330 of the liquid dispensing apparatus 300. 

20 [0056] The rectangular plastic plate 310 may be a thin plate, for example with a 

thickness of approximately 1mm. The rectangular thin plastic plate 310 may sit on 

simple supports 334, for example at least two support points of the actuation unit 330 

of the liquid dispensing apparatus 300, above the electromagnet 342. When the 

electromagnet 342 is excited with a periodic waveform such as square wave or sine 

25 wave at low frequency, a periodic force may be applied on the top of the clamped 
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plastic plate 310 due to the interaction between the permanent magnet 344 and 

electromagnet 342. Such force may be set by controlling the driven voltage of the 

electromagnet 342 via the electromagnet excitation control system 336. 

[0057] The excitation from the periodic clamping force due to the interaction of 

5 electromagnet 342 and permanent magnet 344 may result in a forced vibration of the 

plastic plate 310 at the same frequency as the electromagnet driven signal 338 as 

shown in FIG. 3. Such vibration at the free end of the plastic plate 310 (the end away 

from the clamping end) may be verified by a laser vibrometer system (i.e. Polytec 

OFV-5000 Vibrometer) as shown as the sine waveform 314 in FIG. 3. The amplified 

10 vibration may also be verified by simulation as shown in FIG. 4. With the amplified 

up down movement of the free end of the plastic plate 310, liquid may be dispensed 

from the flow-exits 312 located at the free end of the plastic plate 310. Multiple flow-

exits 312 may be arranged in an array format to dispense multiple streams of liquid, or 

multiple discrete volume of liquid, or multiple liquid droplets simultaneously. Since 

15 the vibration of plastic plate 310 may follow the electromagnet excitation signal 338, 

the liquid dispensing may be generated driven by the electromagnet excitation signal 

338. 

[0058] According to various embodiments as shown above, on-demand liquid 

dispensing may be achieved by an electromagnetic system. 

20 [0059] FIG. 4 shows simulation results 401 of the vibration of a simply supported 

bending plate 410 to verify that the amplified vibration at the free end 416 of the 

bending plate 410. As shown the maximum displacement of the free end 416 of the 

plate 410 is approximately 300jim while the displacement of a portion 418 of the plate 

410 in the middle of the two simple support may be less than 50 {im. Accordingly, 
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the simulation results have verified the amplified vibration at the free end 416 of the 

plate 410. 

[0060] FIG. 5 shows a photograph 501 of precisely controlled liquid array 506 

generated and collected on a flat substrate 508 via the liquid dispensing apparatus 

5 according to various embodiments. To obtain the precisely controlled liquid array 506 

shown, the flat substrate 508 may be manually moved as the end of the plate of the 

liquid dispensing apparatus vibrates. 

[0061] According to various embodiments, the plate 110, 210, 310, 410 of FIGs. 1 to 

4 may be made of plastic. Advantageously, the liquid dispensing chips (in other words 

10 the plates) may be manufactured to be disposable parts and produced at low cost 

because the plates and flow-exits may be plastic molding parts. The plates and the 

flow-exits may be molded as one body or produced separately. 

[0062] According to various embodiments, the plastic plate 110, 210, 310, 410 of 

FIGs. 1 to 4 may be replaced by non-magnetic metal plates, such as copper plate, 

15 aluminum plate or stainless plate. The flow-exit may also be made from other non­

magnetic materials, such as stainless steel. 

[0063] According to various embodiments, multiple flow-exits may be integrated 

into the elastic plate. The multiple flow-exits may be integrated such that a layout of 

the multiple flow-exits may define a pattern for patterning and printing to be 

20 achieved. Accordingly, high throughput patterning and printing may be achieved with 

the multiple flow-exits. For example, as shown in plates 610 and 611 in FIG. 6A and 

6B. 

[0064] According to various embodiments, other excitation methods may be 

applied at the middle of the two supporting points to generate the same effect. For 
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example as shown in FIG. 6B, the actuation of the elastic plate 611 may be done by a 

rotary cam 690 instead of electromagnet actuation mechanism. 

[0065] FIG. 6A shows a circular plate 610 with flow-exits 612 arranged around 

the circumference of the circular plate 610. The circular plate 610 may be supported 

5 by at least two support points 634. The at least two support points 634 may be on a 

ring-shape support structure supporting the circular plate 610. Applying a force on a 

portion 618 of the plate 610 may cause an end 616 of the plate 610 to deflect. Periodic 

application of the force on the portion 618 of the plate 610 may cause the end 616 of 

the plate 610 to vibrate. The embodiment as shown in FIG. 6A is an example of high 

10 throughput liquid dispensing/printing through the integration of multiple flow-exits 

into an elastic plate. 

[0066] FIG. 6B shows a rectangular plate 611 with flow-exits 613 lined across a 

breadth of an end 617 of the plate 611. The rectangular plate 611 may be supported by 

at least two support points 635. The at least two support points 635 may be on two 

15 separate support structures respectively. The rotary cam 690 may periodically apply a 

force on a portion 619 of the plate 611 as the rotary cam rotates. The force may cause 

the end 617 of the plate 611 to deflect. Periodic application of the force on the portion 

619 of the plate 611 may cause the end 617 of the plate 611 to vibrate. FIG. 6B is an 

example of high throughput liquid dispensing/printing through the actuation by a 

20 rotary cam on a multiple- flow-exits integrated plate. 

[0067] According to various embodiments, there may be provided an on-demand 

liquid dispensing system (in other words a liquid dispensing apparatus) including an 

elastic plate. A force may be applied on one end of the elastic plate to deform the 

plate and obtain an amplified displacement at the free end of the elastic plate. The on-

25 demand liquid dispensing system may further include a control to vary the force to 
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deform the elastic plate to obtain controlled movement of the free end of the plate. 

The on-demand liquid dispensing system may further include one or more flow-exits 

integrated into the free end of the elastic plate. 

[0068] According to various embodiments, the elastic plate may be under simply 

5 support. 

[0069] According to various embodiments, the elastic plate with flow-exits may 

be easily detachable from the rest part of the system. 

[0070] According to various embodiments, the force applied on one end of the 

elastic plate may be a clamping force generated by placing the plate in between a 

10 permanent magnet and an electromagnet. 

[0071] According to various embodiments, an air gap between the elastic plate 

and the electromagnet may exist to allow the deformation of the elastic plate due to 

electromagnet force exerted. 

[0072] According to various embodiments, an electromagnet control may be 

15 utilized to vary the clamping force applied to the elastic plate and thus control the 

movement of the far end of the elastic plate. 

[0073] According to various embodiments, the actuation of the elastic plate may 

be done by a rotary cam. 

[0074] According to various embodiments, the displacement of the far end of the 

20 elastic plate may be amplified when the length of the plate is extended. 

[0075] According to various embodiments, the use of a permanent and an 

electromagnet to simply clamp the elastic plate in between of the two may facilitate 

easy detachment of the elastic plate from the rest part of the system. 

[0076] According to various embodiments, microfluidic channel may be 

25 integrated into the elastic plate. 
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[0077] According to various embodiments, the flow-exits integrated into the 

elastic plate may be arranged at certain layout for a printing pattern at a single cycle 

of liquid dispensing. 

[0078] Various embodiments may provide simple and low cost liquid dispensing 

5 apparatus and method which may allow easy and quick change of liquid dispensing 

parts contacting with liquid; low cost liquid dispensing parts (contacting with liquid); 

and low energy mechanical actuation mechanism. 

[0079] The low cost liquid dispensing parts may lead to disposable liquid 

dispensing parts to avoid contamination during liquid dispensing. This may be 

10 achieved as various embodiments may allow the liquid dispensing parts to be 

physically detachable from the mechanical actuation parts. 

[0080] The simple liquid dispensing apparatus and methods may also provide the 

following advantages. For example, the plastic bending plate may be easily 

detachable from the rest of the apparatus or system. Quick replacement of the liquid 

15 dispensing chip or plate may also be achieved. Standard sterilization process may be 

utilized to prepare liquid dispensing chips for biological or pharmaceutical 

applications. 

[0081] Further, the liquid dispensing may be achieved by the vibration of a 

bending plate driven by an electromagnet actuation system. Thus, the liquid 

20 dispensing interval may be simply controlled by the electromagnet actuation signal. 

Accordingly, various embodiments may provide a precision liquid dispensing 

apparatus. 

[0082] In addition, the vibration of the flow-exit mounted at the far end of the 

bending plate may be much larger than the plate bending displacement at the 
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clamping center (where permanent magnet may be sited) due to the amplification 

effect of the cantilever-like supporting of the bending plate. 

[0083] Advantageously, various embodiments may be useful in many engineering 

and scientific applications, such as single cell printing, protein & DNA microarray, 

5 deposition of reagents on diagnostic strips, drug screening and so on. The concept of 

low cost disposable chip or plate may be very suitable for pharmaceutical and 

biochemical printing (i.e. bio-microarray printing) which required less contamination 

during production. Other applications may be surface patterning of functional 

materials for organic thin-film transistors, organic light emitting diodes, organic solar 

10 cells, sensors and so on. 

[0084] While the invention has been particularly shown and described with 

reference to specific embodiments, it should be understood by those skilled in the art 

that various changes in form and detail may be made therein without departing from 

the scope of the invention as defined by the appended claims. The scope of the 

15 invention is thus indicated by the appended claims and all changes which come within 

the meaning and range of equivalency of the claims are therefore intended to be 

embraced. 
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Claims 

1. A liquid dispensing apparatus comprising 

a plate having a flow-exit at an end of the plate; and 

an actuation unit comprising 

at least two support points for supporting the plate, wherein a first 

surface of the plate is received on the at least two support points, and 

an actuation mechanism adapted to deform a portion of the plate 

between the at least two support points to cause a deflection of the end of the plate to 

move the flow-exit. 

2. The apparatus of claim 1, wherein the actuation mechanism is further adapted 

to periodically deform the portion of the plate between the at least two support points 

to cause a vibration at the end of the plate to oscillate the flow-exit. 

3. The apparatus of claim 1, wherein the actuation mechanism is further adapted 

to deform the plate in response to an excitation signal. 

4. The apparatus of claim 3, wherein the excitation signal comprises a periodic 

signal or a pulse signal. 

5. The apparatus of claim 1 or 2, wherein the actuation mechanism is further 

adapted to apply a force towards a second surface opposite the first surface of the 

plate between the at least two support points to deform the portion of the plate 

between the at least two support points. 
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6. The apparatus of claim 5, wherein the actuation mechanism comprises a rotary 

cam mechanism. 

7. The apparatus of claim 6, wherein the rotary cam mechanism comprises a 

rotary cam adapted to directly contact the second surface of the plate for applying the 

force directly on the second surface of the plate. 

8. The apparatus of claim 5, wherein the actuation mechanism comprises an 

electromagnet actuation mechanism. 

9. The apparatus of claim 8, wherein the electromagnet actuation mechanism 

comprises: 

an electromagnet; and 

a permanent magnet spaced apart from the electromagnet and movable relative 

towards the electromagnet, 

wherein the electromagnet is arranged between the at least two support points 

and to face the first surface of the plate received on the at least two support points, 

and the permanent magnet is arranged to face the second surface of the plate, and 

wherein the electromagnet is operable to magnetically attract the permanent 

magnet for moving the permanent magnet relative towards the electromagnet to cause 

the permanent magnet to apply the force towards the second surface of the plate 

between the at least two support points for deforming the portion of the plate between 

the at least two support points. 
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10. The apparatus of claims 8 or 9, wherein the actuation mechanism further 

comprises a controller adapted to control the operation of the electromagnet actuation 

mechanism based on an excitation signal. 

11. The apparatus of any one of claims 1 to 10, wherein the at least two support 

points are adapted to removably received the plate. 

12. The apparatus of any one of claims 1 to 11, wherein the flow-exit is integrally 

formed with the plate. 

13. The apparatus of any one of claims 1 to 12, wherein the plate comprises a 

microfluidic channel in fluid connection with the flow-exit. 

14. The apparatus of claim 13, further comprising a liquid source adapted to 

supply liquid to the microfluidic channel. 

15. The apparatus of any one of claims 1 to 14, wherein a distance between the 

end of the plate and a midpoint of a line joining the at least two support points is 

larger than twice of a distance between any one of the at least two support points and 

the midpoint. 
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16. The apparatus of any one of claims 1 to 15, wherein the at least two support 

points comprise at least two separate points on two separate support structures 

respectively. 

17. The apparatus of any one of claims 1 to 15, wherein the at least two support 

points comprise at least two separate points on a support structure. 

18. An actuation unit for a liquid dispensing apparatus, the actuation unit 

comprising: 

at least two support points adapted to receive a first surface of a plate for 

supporting the plate, and 

an actuation mechanism adapted to deform the plate, with the first surface of 

the plate received on the at least two support points, at a portion of the plate between 

the at least two support points to cause a deflection of an end of the plate to move a 

flow-exit at the end of the plate. 

19. A method for liquid dispensing, the method comprising: 

deforming a portion of a plate between at least two support points to cause a 

deflection of an end of the plate to move a flow-exit at the end of the plate, wherein 

the plate is supported on the at least two support points with a first surface of the plate 

received on the at least two support points. 


