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ABSTRACT
Precision micro-dispensing based upon ink jet technology has been used in medical diagnostics since the early nineties,
and now is moving into a wide range of applications. Ink-jet printing technology can reproducibly dispense spheres of fluid
with diameters of 15 to 100 :m (2pl to 5nl) at rates of 0 - 25,000 per second from a single drop-on-demand printhead. The
deposition is non-contact, data-driven and can dispense a wide range of fluids. It is a key enabling technology in the
development of Bio-MEMS devices, Sensors, Micro-fluidic devices and Micro-optical systems. In this paper, we will discuss
the use of this technology for miniature chemical and bio-molecular sensors and will review in detail specific applications.

1. INTRODUCTION
This paper describes an overview of the potential to incorporate ink-jet technology in the separation and processing of
biological samples derived form complex mixtures prior to the detection by sophisticated sensors. The capability to use inkjet technology for the fabrication of biosensors and to
enhance their function is also reviewed. The processes and potential applications described in this
paper are based on the developments of ink-jet
technology over the past 15 years by our team in the
area of biomedical applications.
Ink-jet printing technology is familiar to most people
in the form of desktop office printers. There is a
broad range of diverse technologies that fall into the
ink-jet printing category. The physics and the methods employed within this group may differ substantially, but the end effect is repeatable generation of
small droplets of fluid. Most of these methods fall
into two general categories, continuous mode and
demand mode. This paper will focus on demand
mode printing. First, we will review ink-jet technology and direct-write printing systems; second, DNA
and Peptide microarrays will be reviewed; and the
last section will cover several specific biomedical Figure 1: Schematic of a drop-on-demand ink-jet printing system.
sensor applications.
2. BACKGROUND ON INK-JET TECHNOLOGY
2.1 Demand Mode Ink-Jet Technologies
In a drop-on-demand ink-jet printer, the fluid is maintained at ambient pressure and a transducer is used to create a drop
only when needed. The transducer creates a volumetric change in the fluid which creates pressure waves. The pressure
waves travel to the orifice, are converted to fluid velocity, which results in a drop being ejected from the orifice.1,2,3
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The transducer in demand mode ink-jet systems can be either
a structure that incorporates piezoelectric materials or a thin
film resistor. In the later, a current is passed through this
resistor, causing the temperature to rise rapidly. The ink in
contact with it is vaporized, forming a vapor bubble over the
resistor.4 This vapor bubble creates a volume displacement in
the fluid in a similar manner as the electromechanical action Figure 2: Drop-on-demand type ink-jet device generating 60µm
of a piezoelectric transducer.
diameter drops at 4kHz. Sequence from left to right spans
130µs.

Figure 1 shows a schematic of a drop-on-demand type ink-jet
system, and Figure 2 shows an image of a drop-on-demand
type ink-jet device generating 60µm diameter drops of butyl
carbitol (an organic solvent) from a device with a 50µm
orifice at 4,000 drops per second.
Demand mode ink-jet printing systems produce droplets that
are approximately equal in diameter to the orifice diameter
of the droplet generator.5 Droplet generation rates for
commercially available demand mode ink-jet systems are Figure 3: Single channel drop-on-demand dispensing device
configuration.
usually in the 4-12kHz range. Droplets less than 20µm are
used in photographic quality printers, and drop diameters up
to 120µm have been demonstrated.
2.2 Advantages of Ink-Jet Technology
As a non-contact printing process, the volumetric accuracy of ink-jet dispensing is not affected by how the fluid wets a
substrate, as is the case when positive displacement or pin transfer systems “touch off” the
fluid onto the substrate during the dispensing event. In addition, the fluid source cannot be
contaminated by the substrate, as is the potential during pin transfer touching. Finally, the
ability to free-fly the droplets of fluid over a millimeter of more allows fluids to be dispensed
into wells or other substrate features (e.g., features that are created to control wetting and
spreading).
In general, piezoelectric demand mode technology can be more readily adapted to fluid
microdispensing applications and it is easier to achieve lower drop velocities with
piezoelectric demand mode. Piezoelectric demand mode does not create thermal stress on Figure 4: Single channel dropthe fluid, which decreases the life of both the printhead and fluid. Piezoelectric demand on-demand dispensing device,
mode does not depend on the thermal properties of the fluid to impart acoustic energy to the T<240°C.
working fluid, adding an additional fluid property consideration to the problem.
2.3 Demand Mode Dispensing Device Configurations
Many drop-on-demand device configurations have been demonstrated over the past two
decades. One of the earliest configurations developed is also one that is adaptable to the use
of a wide range of material. In this configuration, an annular piezoelectric transducer is
attached to a glass tube with an integrated orifice, as illustrated in Figure 3. Since glass is
the only wetted material, this configuration can be used to dispense almost any material with
acceptable fluid properties (<20cp Newtonian viscosity). Figure 4 and Figure 5 show this
type of device in a housing with fluid fittings. The device in Figure 4 is designed for high
temperature operation, mainly through the selection of piezoelectric and adhesive materials,
and can operate continuously at up to 240°C. It has operated for several hours at 320°C and
briefly at 370°C. The devices in Figure 5 are suitable for operation at < 100°C. These type Figure 5: Single channel dropof devices have been used for materials as diverse as aqueous dispersion and solutions, on-demand dispensing devices,
T<100°C.
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Figure 7: System configuration for an ink-jet based deposition system.

molten solders, liquid xenon, polymers, organic solvents, and 4M salt solutions. They have been used at operating
temperatures from -100°C to 370°C.
For many applications, multiple devices are required. An integrated array,
as shown in Figure 6, simpler handling and alignment features than by
stacking multiple single jet printheads. A 120 jet / single fluid configuration has been modified into 10 channel / 10 fluid, 12 channel / 12 fluid,
and 16 channel / single fluid configurations for specific applications such
as DNA arrays6 and proteomics instrumentation.7 Figure 6 illustrates the
10 channel / 10 fluid configuration. Spacing between individual channels
in this printhead is 2mm.
2.4 Demand Mode Printing System Configurations
All desktop ink-jet printers have the same configuration: the printhead is
translated on one axis (nominally 100 mm/s), and the paper is indexed
ninety degrees to the printhead motion. For manufacturing applications
of ink-jet printing technology, the substrate to be printed upon determines
the machine configuration. In most cases, the substrate will be, or will be
similar to a silicon wafer, a circuit board, circuit board panel, or other
flat, rigid substrate. In addition, manufacturing equipment using ink-jet
dispensing will have setup, alignment, and control functions not generally
found in desktop printers. Figure 7 shows a block diagram for a typical
ink-jet based dispensing system. In this case, the workpiece is shown
mounted onto an X-Y stage, so that the printhead assembly is stationary.
A stationary printhead does not have to be designed to account for
acceleration effects on the contained fluid, or the motion of service lines
if a remote reservoir is utilized. Figure 8 shows MicroFab’s jetlab® Figure 8: Printing platforms for development of
ink-jet dispensing applications.
research printing platforms for ink-jet dispensing application development, which is based on the system configuration of Figure 7.

3. PROTEIN and DNA DEPOSITION
Because bioactive fluids, such a proteins and DNA can be fragile and expensive, they are usually not suitable for use in
photolithographic or other subtractive processes. Hence, ink-jet deposition of these materials has been of interest for almost
two decades. The examples discussed below demonstrate protein deposition onto simple substrates.
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3.1 Protein Deposition
Ink-jet printing of proteins was demonstrated in the 1980’s. In one application, patterns of
antibodies were printed onto membranes, typically nitrocellulose, that bound the antibody
for use in diagnostic assays.8 The pattern was used as a human readable display for the
assay. Examples include a prototype blood typing test shown in Figure 9. Here, four blood
typing reagents have been printed, using demand mode ink-jet, into the characters A, B, and Figure 9: Four antibody test
+ (the plus contains both the control and RH positive antibodies), and have been exposed printed using ink-jet
to AB+ blood. Another example is given in Figure 10 which shows Abbott’s TestPack™ technology.
product line. Here two antibodies (typically, $HCg and a control) are printed onto
nitrocellulose using a two fluid continuous ink-jet printing system. In another application,
piezoelectric demand mode ink-jet technology was used to fabricate enzyme membranes for
ISFET biosensors,9 which can be considered early BioMEMS devices.
In the early 1990's, with the goals of increasing the number of diagnostic tests that could be
conducted in parallel, and of increasing the sensitivity of the assay by minimizing the
amount of analyte bound to the antibody,10
Boehringer Mannheim (now Boehringer
Roche) Diagnostics developed their Figure 10: Two-antibody
MicroSpot™ system. As many as 196 diagnostic assay (TestPack™)
distinct reactions sites (i.e., spots) would fit printed using ink-jet
into their disposable reaction well, shown technology.
in Figure 11 , and be imaged using a fluorescence confocal scanning microscope.
The initial pilot line used ten separate inkjet deposition stations to deposit a total of
ten fluids. Each fluid was printed into
multiple spots to provide redundancy, and
a real-time inspections system imaged the
printed dots using a secondary fluorophore.
Figure 12 illustrates the results obtained F i g u r e 1 1 : Dispos a b l e
Figure 12: Immunoassay, ink-jet deposited spots from two different immunoassays in the diagnostic test that contains up
MicroSpot™ format.11 Transition of each to 100 tests printed using ink-jet
~100µm (courtesy Boehringer-Roche).
technology.
printing station from a single to ten fluid
simultaneous deposition to result in a 100
fluid pilot line was underway in 1999 when the line was shut down.

Figure13: DNA test, drug resistant Mtb.,.ink-jet
deposited spots ~100µm (courtesy BoehringerRoche).
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3.2 DNA Deposition
Although the most prevalent DNA array fabrication techniques have been
Affymetrix’s light-activated DNA fabrication method12 and pin transfer,
ink-jet printing methods have been used by a number of organizations,
both for synthesis and for deposition of oligonucleotides in a microarray
format. Deposition of oligonucleotides that are synthesized and verified
off-line has been accomplished by using methods such as: commercially
available six color thermal ink-jet printheads;13 conventional fluid robots
that have been modified to hold 4, 8, and possibly up to 96 individual glass
capillary piezoelectric demand mode jetting devices;14 and custom
piezoelectric demand mode array printheads.10 The chief difficulty in
deposition of oligonucleotides is the number of fluids to be dispensed. For
very specific genetic resequencing applications (i.e., looking for known
sequences or mutations), the number of oligonucleotides required can be
as few as ten to less than 100. Resequencing applications include clinical
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diagnostics, SNP (single nucleotide polymorphism) detection, and point mutation detection. Resequencing assays fabricated
using ink-jet deposition of oligonucleotides have been demonstrated for drug resistant Mycobacterium tuberculosis (Mtb),
as illustrated in Figure 13.

4. CHEMICAL SYNTHESIS
Deposition of bioactive molecules allows known, quality controlled materials to be applied to substrates. If a large number
of different molecules is to be deposited, a simpler and more
flexible method may be to fabricate those molecules in situ
using ink-jet deposition of precursor materials. Oligomeric
materials are most suited to this approach with DNA and
peptides being obvious candidates. Although, only these two
bioactive molecules are discussed below, this approach is
valid for general combinatorial synthesis.15
4.1 DNA Synthesis
Synthesis of DNA arrays using ink-jet technology greatly
decreases the number of different fluids required. Only the
precursor solutions of the four constituent bases (A, G, C, T)
of DNA, plus an activator (tetrazole), are jetted, as illustrated
in Figure 14. Each “layer” of bases is synthesized with only
a single activation step. This is a considerable simplification
compared to light-activated synthesis of DNA arrays16 which
usually requires four activation steps per “layer.” The
complexity of multi-step chemical synthesis in an anhydrous
environment is an added problem, but a number of investiga- Figure 14: Schematic of ink-jet based DNA array synthesis.
tors have overcome this difficulty.16,17 DNA arrays manufactured in this way using ink-jet technology are available from Protogene, Agilent, Rosetta Informatics, and Oxford Gene
Technologies.
4.2 Peptide Synthesis
Peptide arrays for drug and expression screening studies18 can be synthesized using ink-jet can in a manner similar to DNA
arrays, except that there are 20 naturally occurring amino acids, making the dispensing system more complex. Initial proofof-principle peptides are currently being fabricated at MicroFab using an adapted jetlab® printing system.

5. APPLICATIONS OF INK-JET TECHNOLOGY TO BIOSENSOR DEVELOPMENT
Biological agents can include bacteria, such as Bacillus anthracis, Yersinia pestis and Francisella tularensis, viruses, fungal
spores, bacterial toxins, DNA, protein, antibodies or antigens. The real-time detection and characterization of these
biological agents in the environment is daunting when faced with the numerous potential agents to be identified, the
character of complexity of the agents and the number of similar microorganisms that are ambient to the environment.
Ambient environmental matrices, whether air, water, soil or blood, present an sampling challenge of how to separate the
agent of interest from the surrounding matrix in order to obtain a sufficient signal for detection.
The sampling process to obtain a biological agent for sensor detection involves how the material will be presented to the
detector, regardless of whether the source is from air, liquid, surfaces or human tissue. The sampling of biological agents
is challenging due to several considerations. Sampling is targeted to obtain living organisms and the technology to involved
should not degrade or destroy the sample. The vast majority of biological sensors or detectors instruments require the
sample to be in a liquid for analysis.19,20,21,22

Proc., SPIE Defense and Security Symposium, April 2004

M iniature chemical and biomedical sensors enabled by direct-write microdispensing technology

Page 6

5.1 Ink-Jet Technology Applied to Fiber Optic Biosensor for Multianalyte Detection
There has been intensive research in the area of optical-based biosensor and detection methods for biomedical
applications.23,24,25 These sensors typically consist of an bioelement or indicator chemistry attached to the end of a fiber optic
or other optically accessible surface, where the bioelement or indicator chemistry is designed to change optical properties
(i.e. fluorescence or absorption) quantitatively in response to the presence of a target ligand or analyte. Light of a suitable
wavelength is used to illuminate the sensing zone and a portion of this light is absorbed by the bioelement or indicator
chemistry(s). The absorption or re-emission of this radiation in the form of fluorescence is monitored via photosensitive
detectors and the resulting signal used to make qualitative or quantitative determinations concerning a ligand or analyte
of interest. Most conventional optical-based chemical sensors, particularly those
based on fiber-optic technology, require a separate sensor for each target ligand.
Recently, however, researchers at LLNL and Tufts University have developed a
method for immobilizing several blood gas assays (O2, CO2, pH) in discrete
areas on the end of a fiber optic bundle (Figure 15).26 Imaging techniques allow
unique identification of each assay by their geometry and location on the fiber
bundle tip. This has several advantages over previous one-indicator /one-fiber
sensors. The primary advantage of this technique is that different ligands in a
very localized region can be simultaneously detected and/or measured in vivo.
This is particularly important for biomedical applications, where collection or
interrogation of a small sample volume (i.e. blood, gingival crevicular fluid,
saliva) is desirable or necessary. A secondary advantage of this multi-analyte
sensor is the ability to use the same excitation and/or emission wavelength for all
the different indicator chemistries, greatly simplifying the complexity and cost
of the spectroscopic components and indicator chemistry.
Reproducibly attaching precise amounts of a given indicator chemistry in a welldefined geometry on a fiber optic or other supportive surface is difficult,
moreover, conventional methods of creating optical-based chemical sensors result
in high inter- and intra-sensor variability. This variability significantly increases
the complexity and cost of the manufacturing process and makes individual
calibration for each sensor necessary. The large advance this probe has over the
earlier methods is the reproducibility and cost-effectiveness associated with
microjet-fabricated sensors.

Figure 15: Top: face and side view of
seven 90µm diameter ink-jet deposited
drops of UV curable polymer printed onto
a 500µm diameter fiber bundle. Bottom:
Magnified view on one polymer spot on
the fiber bundle showing a clear image of
the individual fibers that comprise the
fiber bundle.

A pilot study to determine the feasibility of using micro-jet technology for creating multi-component optical-based chemical
sensors has been peformed. The goal of this project was to reproducibly print a six-around-one pattern of
fluorescein/polymer microdots (< 100 mm diameter) on the end of a 500 mm diameter fiber optic bundle. The equipment,
print head device configuration, and printing process utilized in the first phase of this project were similar to those used
for the printing of micro-optical elements.27 The key features of this system are the automated microjet print head and the
motion control systems for printing accurately at pre-specified target sites and for shuttling between print head, UV-light
pipe and target-viewing system. The printing axis is in the vertical plane. A horizontal microscope with stroboscopic
illumination is utilized for viewing the microjetted droplets during microjetting process optimization for a particular
material. A clean-air/exhaust system is necessary to prevent airborne particulate contamination of the substrate and to
evacuate any fumes arising from heating of typical polymeric formulations to the temperatures required (up to 200/C) to
reduce their viscosities to the 20-30 cps level needed for microjet printing. The fluids contained in the print head reservoir
are typically kept under a nitrogen atmosphere prior to being emitted by the print head device orifice, in order to prevent
any degradation from oxygen-driven reactions during heating.
The results of this initial study were very promising. The six-around-one pattern of fluorescein microdots was printed on
the end of six fiber bundles. The diameter of the circle through the centers of the circumferentially printed microdots is
260µm, indicating this pattern easily fit on the end of the 480µm fiber bundle. The deviation between the central microdot
and fiber bundle axis is approximately 2µm.
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The reproducibility of the fiber printing process was excellent for both microdot diameter and roundness. All fiber-average
and standard deviations for these data were Microdot diameter = 93.3 +/- 2.2µm. Microdot roundness [(max. diameter min. diameter )/ avg. diameter] = .00072 +/- .00023µm.
Spectroscopic measurements were made using the imaging spectrometer. Microdot intensity, both on a single fiber bundle
and between different fiber bundles, varied by less than 2%. The capabilities of ink-jet technology for reproducibly printing
a pattern of identical, but spatially discrete sensing regions on a fiber optic bundle was demonstrated.
5.2 Ink-Jet Impinger for the Collection of Bioagents
Bioparticle analysis systems typically use an impinger, screen or filter to capture particles and microbes from the air prior
to the transfer of the captured agents are transferred to a liquid
medium for analysis.28,29 The collection of airborne microbes that
is environmentally representative can be difficult to achieve.
Microbial uniformity in air is poor and there is a challenge of
ensuring that particles of all sizes have an equal probability of
entering the sampler. Air is not a natural environment for most
microbes. The survival of microorganisms in air is affected by
environmental factors, such as temperature and air. The integrity
of the airborne microorganism is species dependent and their
physiological state (vegetative or spore). Airborne particle
collectors often capture an organism using a electrostatically
charged membrane, filter or impinger. The captured microbes can
Figure 16: Example of ink-jet impinger showing an linear
be subjected by the effects of dessication/hydration, ozone, oxygen
array of drop ejection from multiple orifice of an
or other gasses before transfer to a liquid for analysis. The effects integrated array print head.
of such environmental degradation can inhibit detection.
Aerosol collection devices having the lowest shear forces capture the microorganism having the highest viability. The direct
collection of the microbes into a liquid or moist medium can reduce the negative effects of dessication. An “ink-jet”
impinger or printhead consisting of an array of orifices from which a collection buffer (0.01M potassium phosphate, ph
7.5)30 is ejected in a multiple drop or burst mode could collect microorganisms suspended in the ambient atmosphere, as
airflow passes the array of flowing drops (Figure 16). The microbe loaded drops would then pass through and be retained
by a microfilter element prior to processing for detection. The particles can be dielelectrophoretically moved from the filter
to a reservoir for analysis.31 This system can be electrostatically charged to enhance the collection of microorganism
containing particles suspended in the atmosphere.
The solid phase capture of spores and bacteria could be incorporated into the ink-jet impinger system with immunosensor
detection based on enzyme linked immunosorbant assay, evanescent wave or plasmon resonance.32,33,34 The use of capture
antibodies coupled to glass and ceramic beads for the collection of spores and bacteria, such as Escherichia coli and Bacillus
globigii has been reported.35,36 These beads can be contained in the receiver of the drops from the ink-jet impinger for
retention and detection of the bacteria or spores. The beads could also be contained in the solution that is flowing from the
ink-jet impinger with collection of the spore or bacteria loaded beads by microfiltration. Such methods can eliminate the
need for preenrichment steps often required for the detection of bacteria and spores.37
5.3 Chemical Ink-Jet Printer
An ink-jet microdispensing device can be used to deliver sample reagents, enzymes, or other sample processing fluids
directly to the captured biological agent sample. This is the principle function of the Chemical Ink-jet Printer (ChIP), which
is a product of Shimadzu Biotech and Proteome Systems, Ltd. with MicroFab providing in collaboration the ink-jet
dispensing components of the instrument.38 The ChIP instrument delivers small volumes of enzymes and reagents to protein
samples immobilized on a PVDF or other membrane to prepare the protein samples for MALDI-TOF MS analysis that is
then directly performed on the processed membrane (Figure 17). The protein samples on the membrane have been
electrobloted from a 2 dimensional electrophoretic gel (2-D gel) with the proteins separated in one dimension by charge
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(isoelectric point) and the other dimension by mass. The ChIP
instrument saves time and labor for sample preparation by
eliminating the need to perform peptide extraction, digestion,
clean-up and sample transfer to MALDI-TOF target prior to mass
spec analysis. Conservation of limited samples can be achieved in
the ability to specifically select individual proteins for sub-analysis
with the advantage of archiving and performing multiple
enodproteinase or other reagent applications. Multiple antibody
interrogation is also possible for selected protein spots of interest.
5.4 Solid Phase Capture of Bacteria, Spores
Ink-jet technology can be used to print and immobilize antibodies
onto surfaces, such as wipes or swabs for the capture and detection
of bacteria, spores or viruses. The patterned printing of antibodies Figure 17: Result of ink-jet printing of reagents onto a 2onto nitrocellulose for the detection of HIV and Mycobacterium DE PVDF protein blot. Cleared areas indicate removal of
tuberculosis (TB) antigens has been demonstrated. Using methods protein staining dye by ChIP ink-jet deposition of sample
of Blake and Weimer, antibodies can be printed and covalently processing reagents. The blot is now ready for transfer to
MALDI-TOF MS instrument.
bound with PEG linkers to substrates for the capture of bacteria
39,40
and spores.
Their technique of using spacers to distance an
immobilized antibody on the surface of a support substrate reduces steric interference between antibodies leading to a higher
antigen capture efficiency. Swabs or wipes made out of nitrocellulose material could be easily microprinted with patterns
of antibodies to specific to bacteria, spores or viruses, such as Escherichia coli O157:H7 (causing hemorrhagic colitis) and
Bacillus anthracis. Viruses species, such as Variola may also be detected by the immobilization of capture probes followed
by biosensor detection. O’meara, et al report using cooperative interactions between adjacently hybridized oligonucleotides
for mediating the direct capture of Hepatitis C virus RNA from human serum samples.41 These swabs or wipes could then
be used for detection of biological agents by wiping surfaces, water, soil, serum or blood suspected
of contamination. Detection of biological agents captured by the wipes or swabs can be performed
after immunological processing by a light-addressable potentiometric sensor or optoelectronic
immunosensor using laser induced surface second harmonic generation technique.42,43
5.5 Integrated Ink-Jet Liquid Chromatography Column for Sample Separation
We have demonstrated the separation of peptides using a microdispensing device (PiezoLC)
having an integrated liquid chromatography (LC) column (Figure 18). The inline chromatography
column, such as a reversed phase (RP) material, has been used to spatially separate peptides
during elution and deposition onto a MALDI-TOF target. The mass of these peptides was resolved
during MS analysis when the MALDI-TOF laser was rastered across the microspots on the target.
This LC separation of peptides will reduce ion suppression, thus improving the mass spec
resolution of peptides having similar mass.44 This is important as often the peptides of low
abundance proteins with similar mass are not visible during MALDI-TOF MS unless
chromatographic separation is performed prior to the analysis.45 Additionally, MALDI-TOF MS
sensitivity is enhanced, due to the greater peptide density per area obtained within a
microdeposited spot, as compared to a spot created by conventional deposition technology.46 The
improved mass resolution achieved during mass spec analysis, as a result of LC separation, can
increase the number of peptides identified for a protein of interest. This is a useful for protein
scientists in their quest to identify proteins derived from 2-dimensional electrophoresis
Figure 18: Single fluid
polyacrylamide.
microjet device having a
column insert close to the
The PiezoLC can be used in an affinity chromatography mode by having selective binding affinity orifice. The white area
(enzymes, antibodies, antigens, etc.) covalently bound to solid support beads held in the column above the orifice is the
inline with the microdispensing device.47 This results in a specific and reversible binding between column containing the
a ligand and a complementary macromolecule with release by changing the pH or ionic strength C18 reveresed phase
beads.
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of the mobile passing through the column and microdispensing device. This immunochromatography technique can be used
to capture cells, bacteria, spores, viruses, dna, from blood, serum, water, etc., for preenrichment or preprocessing steps prior
to biosensor detection. Cells, spores, bacteria and viruses can be captured by the immunochromatography column to acquire
a detectable concentration or to treated with a flow-through lysis buffer prior to delivery to another preenrichment step or
a biosensor detector.48 The solid phase surface of an immunoaffinity column can be derivatized for the capture of nucleic
acids for concentration or purification and then released for PCR amplification.49,50

6.0 SUMMARY
The capacity for ink-jet technology to enable the fabrication and function of biosensors, and the application to processing
and separation of biological samples derived from complex mixtures has been reviewed in this paper. Although, this review
is not all inclusive, it does present the concept that ink-jet technology has the potential to significantly enhance the
fabrication of biosensor systems. It is anticipated this paper provide an overview of the capabilities of ink-jet dispensing
technology for biosensor applications sufficient to provoke the reader to conceptualize other ideas for their particular
application.
Ink-jet technology can provide the means to create biosensing elements containing analytes, such as antibodies, antigens,
nucleic acid probes, cells and cell structure, and colorimetric agents for the detection of a diverse range of biological agents,
toxins and chemicals. The modification and fabrication of biosensor transducer elements can be achieved using
microdeposition. Ink-jet dispensing has the potential to be utilized for the capture of biological agents, as well as small
volume on-the-fly sampling of fluids containing the captured bioagents. Reagents, enzymes or other biosample processing
fluids can be applied directly to the samples prior to detection. Multiple antibodies can also be delivered to create
multianalyte detector arrays. Immunoaffinity capture technique can be used for the concentration, purification or other
preenrichment step prior to detection by a biosensor.
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