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ABSTRACT 

The development of functional and reliable miniaturized 
devices including Micro Electro Mechanical Systems (MEMS) 
has stressed the manufacturing and packaging processes. The 
traditional micro fabrication techniques, such as lithography, 
physical vapor deposition (PVD), chemical vapor deposition 
(CVD) and etching, are layer-by-layer processes and mostly 
suitable for thin-filmed devices. LIGA (an acronym from 
German words for lithography, electroplating, and molding) is 
a newly developed process for thick metallic devices; however, 
it involves electroplating process and high quality molds, which 
are hard to move after electroforming. In all the processes 
mentioned above, masks and photoresist processing are 
inevitable, which complicates the whole process and increases 
the processing time and the total cost. It is also well known that 
packaging is another barrier for the advancement of MEMS. 
MEMS packaging, which is required to provide mechanical 
support, environmental protection and electrical connection to 
other system components, is much more complicated as 
compared to electronic components due to the moving 
structures, fluids or chemicals involved. It is the most 
expensive process in micromachining. Therefore, enabling 
tools and technologies are greatly needed for the fabrication 
and packaging of complicated devices and highly integrated 
micro assemblies. In this paper, we will present novel direct-
print dispensing techniques and robust tools for 21st century 
manufacturing and packaging. Comparing to other dispensing 
technologies such as time-pressure needle dispensing, screen 

printing, pin transfer and jetting, nScrypt�s pumping techniques 
can dispense materials with precise volume control for 10’s of 
Pico liter resolution, accurate placement or alignment within a 
few microns, conformably print on exaggerated surfaces of 10’s 
of centimeters, and are extremely flexible with materials and 
patterns. The dispensing tip (nozzle) is optimized to reduce the 
pressure drop as compared to the traditional tubing needles. 
Comparing to traditional micro fabrication technologies, our 
direct-print dispensing technology is maskless and thus a cost 
effective process. While micro-dispensing is a solution based 
approach, it has the advantage of not being a wet process such 
as wet etching or electroplating.  Direct-print dispensing of 
micro lines, micro dots, and three-dimensional structures will 
be presented. The technology has a wide range of applications 
in the manufacturing and packaging of micro/meso-scale 
devices and bio structures.  

 
INTRODUCTION 

Miniaturization of engineering systems and devices is one 
of the dominant technological developments in recent decades. 
Miniaturized devices have advantages of moving fast, 
encountering less thermal distortion and mechanical vibration.  
Miniaturized devices are suitable for biomedical and aerospace 
applications, having higher dimensional stability at higher 
temperatures while occupying less space and having a lower 
cost of production [1]. 

However, the production of miniaturized devices such as 
MEMS has been beyond the capability of traditional machining 
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tools and therefore enabling tools and technologies are greatly 
needed. Microfabrication techniques, such as lithography, 
physical vapor deposition (PVD), chemical vapor deposition 
(CVD) and etching, which were originally developed for the 
production of integrated circuits (ICs), are employed 
extensively for the manufacturing of silicon-based MEMS and 
Microsystems. However, MEMS significantly differs from ICs 
in that: 1) MEMS are complex three-dimensional devices while 
ICs are primarily two-dimensional structures; 2) MEMS 
packages involve moving components while ICs are stationary 
after packaging; 3) MEMS conducts multi-functions (e.g. 
chemical, optical, electromechanical and biological) while ICs 
carry electrical current for specific electrical functions [1]. 
Therefore, it is obvious that the technologies mentioned above 
are not the complete solutions for microfabrication. They are 
layer-by-layer processes and mostly suitable for the fabrication 
of thin-film (two-dimensional) devices. LIGA (an acronym 
from German words for lithography, electroplating, and 
molding) and UV-LIGA [2] are newly developed processes for 
the fabrication of thick metallic devices, which is capable of 
producing structures with vertical dimensions from hundreds of 
microns to millimeters and horizontal dimensions which can be 
as small as microns. However, this approach involves 
electroplating processes along with high quality molds, which 
are difficult to remove after electroplating.  Also, it is not cost-
effective, since the process requires x-ray lithography. Deep 
reactive-ion etching (DRIE), a highly anisotropic etching 
process used to create deep, steep-sided holes and trenches in 
silicon wafers, is another developed technology for the 
fabrication of three-dimensional MEMS devices. However, it is 
very slow and restricted by the material (silicon) which it can 
work with. In all the processes mentioned above, masks and 
photoresist processing are inevitable, which complicates the 
whole process and increases the processing time and the total 
cost. 

The packaging is the major barrier for the 
commercialization of Microsystems and MEMS. Packaging, 
which needs to provide mechanical support, environmental 
protection and electrical connection to other system 
components for miniaturized devices, is much tougher than that 
for the electronic components due to the moving structures, 
fluids or chemicals involved in MEMS. It is the most expensive 
process in micromaching and exceeds 75% of the total cost [4]. 
Therefore there is a lack of progress in the packaging 
technology for MEMS since it has highly diversified functions 
and materials and therefore there is no standard process for 
MEMS packaging.  

Therefore, from the discussion above, it is easy to say 
that enabling tools and techniques are greatly needed for the 
fabrication and packaging of complicated miniaturized devices 
and highly integrated micro assemblies. Dispensing, a process 
where material is placed onto a substrate in a controlled 
manner, has been identified as one of these enabling 
technologies. It has wide applications in the semi-conductor 
industries such as solder bumping, underfilling and 
encapsulation. Dispensing is also an important manufacturing 
technique to make a variety of electronic components such as 
specialized conductors and resistors, and with the future of 
smaller electronic packages, micro-dispensing has the potential 
to significantly impact next generation consumer electronics. 
The common dispensing (including printing) techniques 

include time-pressure needle dispensing systems (including 
positive displacement), pin transfer and jetting. The time-
pressure needle dispensing systems is one of the oldest and 
most developed dispensing technologies, which normally 
consists of a syringe (barrel) containing a material which is 
directly attached to a dispensing tip. Air pressure or a 
mechanical plunger (positive displacement) is employed to 
force the material through a dispensing needle in a time-
controlled manner. Pressure is removed to stop material flow at 
the end of the dispensing. The amount of material dispensed is 
proportional to the amount and duration of the applied pressure. 
This technology is widely used because of its low cost, easy 
setup and material flexibility. However, this technology is void 
of dispensing accuracy. As dispensing continues, the material is 
prone to build up in front of the tip, which reduces the accuracy 
in both dispensing and placement. While screen printing is not 
a dispensing technique, it is a printing technique which impacts 
the materials and consumer market. The major components for 
screen printing are a stencil and a squeegee. The stencil, which 
is made from laser-cutting or electroforming, contains apertures 
that define the geometries to be printed. The first step in 
printing is to fill the stencil apertures with a paste by using the 
metal squeegee blade. Then the stencil is removed, leaving the 
paste on the substrate. Screen printing is a fast, batch process, 
but the cost of the stencil is high. It also requires a longer time 
to change if the design is altered, requiring redesigning and 
remanufacturing of a new stencil. The stencil will be stretched 
and distorted after cycles of use, which will produce alignment 
and placement defects. To increase the transfer efficiency, the 
area ratio (the area beneath the stencil aperture opening divided 
by the area of the inside aperture wall) has to be larger than a 
certain number (commonly accepted is 0.66). Since it is 
difficult to consistently manufacture the stencil with specified 
thickness tolerances, it becomes difficult to use screen printing 
to manufacture small features. It is also difficult for stencils to 
print on uneven surfaces. Pin transfer is a process that 
transferring a liquid to the destination (normally a board), 
which is done by dipping an array of pins into a liquid reservoir 
and then touching the board. This technology lacks flexibility 
(difficult to change the arrangement of the pins), consistency 
and small features because it is hard to machine and align all 
the pins in the array with high accuracy. Jetting (including ink-
jetting) employs a mechanically, electrically, magnetically or 
pneumatically actuated piston to impel fluid material through a 
nozzle. The fluid will then form droplets after leaving the 
nozzle and fall onto the substrate. Although jetting is a non-
contact technology, it is limited by the materials that can be 
jetted in terms of viscosity and particle separation. 

In this paper, we will present novel direct-print dispensing 
techniques and robust tools for 21st century manufacturing and 
packaging. Comparing to the traditional microfabrication 
technologies, our direct-print dispensing technology is a 
maskless and thus cost effective process. It is a bottom-up 
approach and no wet process such as wet etching or 
electroplating is involved. Our robust pumping techniques can 
dispense fluids with precise volume control for 10’s of Pico liter 
resolution, accurate placement or alignment within a few 
microns, conformably print on exaggerated surfaces of 10’s of 
centimeters, and are extremely flexible with materials and 
patterns. The dispensing tip (nozzle) is optimized to reduce 
pressure drop comparing to the traditional tubing needle. It has 
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varying internal orifice diameter down to 12 µm, which is 
much smaller than the commonly used tubing needle and makes 
it possible to dispense much smaller features. 

 
TOOL AND METHOD 

 
Direct-Print Dispensing Tool 

 
The direct-print tool (Figure 1) is a dispensing system 

integrated with our novel pumping technology. It utilizes a 
computer-aided-design/computer-aided-manufacturing 
(CAD/CAM) approach to build two-dimensional and three-
dimensional structures. It employs the smart pump technology 
to conformably deposit materials on various substrates. The 
process of dispensing is controlled by the motion control 
software and the CAD program allowing flexible alteration of 
parameters such as 3D geometry of the deposition pathways, 
speed of deposition, and air pressure in the pneumatically 
actuated pump, valve opening in the smart pump, and 
dispensing height. It features accuracy and repeatability of the 
XYZ positioning of the dispensing nozzles with a resolution 
within a few microns. By incorporating a high precision z stage 
and a height sensor, the dispensing height is accurately 
maintained even on highly conformed surfaces, but it should be 
noted that even �flat� surfaces are not truly flat when deali ng 
with micron resolutions. The tool is available in different sizes 
and has the options to integrate positive displacement pump 
and/or ink-jetting. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Smart Pump 
 
The smart pump (Figure 2), which is integrated on the tool, 

is capable of dispensing materials up to 1,000,000 cps precisely 
with accurately controlled air pressure, timing, valve opening 
and dispensing height. The patented valve technology creates a 
suck-back function when the dispensing concludes, where the 
material will be sucked back into the dispensing nozzle after 
the dispensing stopped. That will remove the materials sticking 
on the tip and create a fresh start for next round of dispensing. 

The valve is accurately controlled for precise dispensing. The 
dispensing tip, which has a conical shape inside an outside, is 
optimized for the dispensing of highly viscous materials. The 
pressure needed to push material through the nozzle is greatly 
reduced comparing to the commonly used tubing needle 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A CFD model was created to model the flow inside the 

nozzle chamber and demonstrate the suck-back function when 
dispensing concludes. A tip with 50 microns I.D. and 100 
microns O.D. is used in the model. The material employed is a 
typical solder paste with a viscosity of 30000 cps. A laminar 
flow pattern is maintained since the Reynolds number fits in the 
laminar range (<2000) provided by the size of the tip orifice 
and the viscosity of the material used. The pressure distribution 
is shown in Figure 3. It can be seen from Figure 3a that a 
positive pressure is maintained inside the tip chamber to push 
the material through the tip orifice where most of the pressure 
drop (flow resistance) occurs. Compared to the standard tubing 
needle, our dispensing nozzle (Figure 4) is optimized to reduce 
the pressure drop (flow resistance), which is essential when 
dealing with high viscosity materials and/or particle loaded 
materials. A negative pressure (vacuum) is created in the 
closing process (Figure 3b) which sucks the material back into 
the tip for a clean stop and a fresh start. 

 
 
 

Figure 2, The smart pump 
 

Pressurize 
flow inlet 

Dispensing 
tip 

Dispensing 
valve 

 

Figure 1, Direct-write dispensing tool 
(300 series) 
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Dispensing Height Control 

 
It is easy to find that the flowrate of the pump (which 

determines the dispensed feature size) depends on the value of 
the pressure, the valve opening and the size of the tip orifice. 
However, engineers and researchers at nScrypt also discovered 
that the dispensing height (the gap between the dispensing 
nozzle tip and the substrate) plays a crucial role in the 
dispensing especially when the feature size gets smaller or 
prints thin features, since the nozzle tip needs to be closer to the 
substrate in these cases. This will increase the flow resistance 
and thus reduce the flow rate provided if everything else is kept 
constant. It is expected that the pressure drop will be dominated 
by the dispensing gap when it is more than 50% smaller than 
the tip size. By applying the above mentioned CFD model at 
various dispensing heights (Figure 4), the flowrates were 
calculated. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The pressure drop with different dispensing heights is 

plotted in the Figure 5. At a very small gap (Figure 5a), the 
pressure drop is dominated by the substrate. At a large gap 
(Figure 5c), the pressure drop is mainly determined by the tip 
orifice. There is a transient region (Figure 5b) where the 
pressure drop is affected by both of them.  

The flowrate vs. dispensing height is plotted in the Figure 
6. It can be seen that the flowrate increases to a maximum value 
with the increasing the dispensing height if constant pressure 
supplied. It is also obvious that the flowrate is sensitive to a 
change in dispensing heights if they are below a certain value 
(50 microns in this case). The lower the dispensing height, the 
more it affects the flowrate.  

From the analysis above, we can find that it is very 
important to control the dispensing height for small or thin 
features. Our tool has height sensors integrated for this purpose. 
The surface to be dispensed on is either pre-scanned or real-
time scanned. The height data will then be transferred to the 
controller to create a surface contour. A constant dispensing 
height is maintained during dispensing by following the surface 
contour, which makes it possible to dispense on highly 
conformal or twisted surfaces, but it should be noted that even 
�flat� surfaces are not truly flat when dealing with micron 
resolutions. 

Figure 3, Pressure distribution in the tip chamber 
(a) Opening. (b) Closing.  

a 

b 

Figure 4, Schematic drawing of the CFD 
model 
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Figure 5, Pressure drop vs. different 
dispensing height. (a) 5 microns. (b) 15 

microns. (c) 30 microns.  
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DISPENSING RESULTS 
 

Lines 
 
The challenge of dispensing lines (e.g. straight lines, 

curves, and spirals) is to produce clean and consistent starts and 
stops besides the targeted line width and height. The traditional 
time-pressure system has delays in starts and stops for a variety 
of reasons and this induces material building up on the tip. 
With the help of our patented pumping technology, we are 
capable of controlling the start and stop precisely (Figure 7 and 
8). The patented tip has internal orifice diameter down to 12 
µm, which makes it possible to dispense smaller features than 
the commonly used tubing needles. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dots 
 
Dots have a wide range of applications in the electronic 

industry as well as in MEMS packaging, such as solder 
bumping and adhesives for packaging. To demonstrate the 
capability of our pumping technology, an array of 1000 dots 
were repeatedly dispensed by using a commercially available 
conductive material QS300 (silver particle loaded). By 
employing tips with different sizes, we are able to dispense dots 
down to 75 mm (Figure 9). The size of the particles in the 
material is the driving factor for reducing dot size; particles in 
the micron regime will force tens to hundreds of micron 
openings in the orifice. The variation of the size of the dots is 
controlled within 10%. 
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Figure 6, Flowrate vs. dispensing height 

 

1 mm 

Figure 8, Resistors with 75 mm line width and 
200 mm pitches dispensed  

 

Figure 7, Conductors dispensed by nScrypt  
 

 

 

Figure 9, 85 µm dots dispensed  

 
400 um 


