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Printed Test Samples

Ink-jet is a generic term that
covers a multitude of technologies.
The ink-jet systems used in this
work employ drop-on-demand
(DOD) dispensers that use a
piezoelectric actuator to generate
drops. In the case of this type of
DOD
ink-jet
dispenser,
a
volumetric change in the fluid is Figure 1. Ink-jet drop-on-demand ejection sequence. 55μm diameter droplets generated
induced by the displacement of a at a rate of 640Hz. The sharp edges of the drop are a result of a highly repetitive process.
piezoelectric material that is
coupled to the fluid.1 This volumetric change produces pressure/velocity transients in the fluid and these are
directed to produce a drop that issues from an orifice.2

Another option used to evaluate / test the explosive
trace detectors is the use of reference swipes. These
reference swipes or test samples go beyond the drop
of test solution traditionally used to verify the
functionality of the trace detectors. The ability to
accurately control the amount of explosive on the
reference swipes allows the quantitative evaluation of
the performance metrics of the vapor trace detectors.

The drop generation is highly repeatable, data driven and can produce drops at high frequencies. Ink-jet based
systems are computer controlled, can be used in flexible manufacturing techniques and provide large dynamic
ranges for the output.

Vapor Generation
Ink-jet based vapor generators were employed first time for
odorants used to quantify the olfaction threshold which can be
used as an early symptom for the onset of neurodegenerative
diseases like Alzheimer’s and Parkinson’s.3
The same principle was used for dilute explosive solutions to
create explosive vapors for testing the explosive trace
detectors. The droplets are generated using a piezoelectric inkjet microdispenser and deposited onto a heater where they are
evaporated with the resulting vapors being carried towards the
detector / sensor to be tested by a flow controlled through a
mass flow controller (Figure 2).

Ink-Jet
microdispenser

Heater

Figure 2. Principle of operation of an ink-jet based
vapor generator.

In continuous operation,
the droplets landing on the
Figure 3. Ejected droplets are
heater (maintained at a set
deposited on a heater of controlled
and constant temperature)
Figure 4. Portable ink-jet based VaporJet™ system.
temperature where they evaporate.
are
evaporated
continuously and the output is constant in time. By adjusting the flowrate of the carrier gas and/or the frequency
at which the droplet are generated, the level of the output can be set to different values (Figure 5).

Dose mode



Providing the means of verifying and recording the
drop size is necessary for quality control. The
dispenser is mounted on a shuttle stage that moves it
from the position above the print area to a position
above the microbalance (Figure 9). At the micro
balance, the specified number of drops is collected.
For some solutions the evaporation rate can be
significant and it could lead to underestimating the
drop mass. An algorithm was developed to
compensate for evaporation.
A small amount of solution is deposited in the catcher.
A short wait period that is used to estimate the
evaporation is followed by the deposition of the
desired number of drops at the specified frequency
(Figure 10). The mass reported by the micro balance
is recorded before and after the deposition of the
drops to be measured. The data points “leading” and
“tailing” the drop collection are curve-fit and the mass
of the droplets is calculated using the extrapolated
values from these curves (Figure 10).

Figure 9. Jetlab® 4 xl-B with dispenser shuttled above the micro
balance for drop mass determination.

The actual deposition of explosive solution onto the
test swipe is coupled to the determined drop mass.
The printing pattern is specified using the area to be
covered and the target mass. Using the determined
drop mass, a series of rectangular patterns of
increasing spacing is automatically created to reach
the targeted mass.

Figure 5. Example of continuous mode output (measured by a
photoionization detector) as a results of changing the drop
generation frequency.4 Courtesy of NIST.
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Figure 8. Multiple test swipes loaded for printing on an ink-jet
system. Courtesy of NIST.

Coupling of the drop measurement to the
deposited amount

Results and advantages
Continuous variation: The small size of the
individual drops (20-200picoliters) produces
almost continuous variation of the accumulated
amount. See Figure 5 and Figure 6.
Dynamic range: The output range of a vapor
generator based on ink-jet microdispensers
extends from almost zero (equivalent of several
drops) to several thousands of parts per trillion.
The low end resolution can be further increased
by using more dilute solutions containing the
substances of interest. See Figure 5.
Data driven: The piezoelectric dispensers are
electrically driven and they can be controlled
from data files. This makes the technology easily
adaptable for automatic testing.

Drop formation, in drop-on-demand ink-jet, is
dependent on the equilibrium position of the solutionair interface at the orifice. This position is determined
by the balance of forces: capillary and hydrostatic.
With a reservoir placed above the orifice, dripping is
prevented by applying vacuum to the reservoir space
above the solution. The accurate control of this
vacuum or backpressure ensures a precise position of
the fluid at the orifice which leads to a consistent drop
size. Ink-jet systems with computer controlled
backpressure have demonstrated a standard
deviation of the drop mass of 0.38% over a period of
41 hours.5

Accurate determination of the drop size

Continuous operation



Figure 7. Jetlab® 4 xl-B ink-jet based system for printing test
swipes incorporating a micro balance for accurate drop
measurements.

Droplet consistency

Dry gas from
mass flow
controller

The vapor generator can
operate in two modes: a
continuous mode in which
the droplets are generated
continuously
at
a
selectable set frequency
and a dose mode which
consists of the generation
of a specified number of
drops at a selected
frequency.

This function might be desired in the case of detectors
that are sensitive to the solvent used to dissolve the
explosives and uses the ability to accurately control
the heater temperature. The explosive solution is
deposited onto the heater at room temperature. The
heater temperature is increased to a value where the
evaporation of the solvent occurs. Once the solvent is
driven away, the outflow from the vapor generator is
directed to the detector to be evaluated while the
heater temperature is increased to values that drive
off the explosive. A final heating at high temperature
ensures that all the residuals on the heater are
burned off.

Ink-jet dispensing (Figure 7- Figure 9) can be used to
deposit solutions containing the desired explosive
directly onto the swipes with a specified spatial
distribution and meeting the target amount.5 To ensure
an accurate amount of the solution, and thus
explosive, is deposited/printed on the swipe, the inkjet system employs techniques that ensure consistent
size of the droplets. In addition, the mass of the
droplet is measured with a high precision micro
balance and the printed patterns are adjusted to meet
the target explosive mass.
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Figure 6. Explosive amounts and response from a Fido® vapor
trace detector for dose mode operation of the VaporJet™.




Figure 10. Algorithm for drop size measurement accounting for
evaporation; illustration is for the collection of 2000 drops of
water at 500Hz.
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