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Abstract—Flexible electronics on low-temperature substrates 
like paper are very appealing for their use in disposable and 
biocompatible electronic applications and areas like healthcare, 
wearables, and consumer electronics. Plasma-jet printing uses a 
dielectric barrier discharge plasma to focus aerosolized 
nanoparticles onto a target substrate. The same plasma can be 
used to change the properties of the printed material and even 
sinter in situ. In this work, we demonstrate one-step deposition of 
gold structures onto flexible and low-temperature substrates 
without the need for thermal or photonic post-processing. We also 
explore the plasma effect on the deposition of the gold nanoparticle 
ink. The plasma voltage is optimized for the sintering of the gold 
nanoparticles, and a simple procedure for manufacturing traces 
with increased adhesion and conductivity is presented, with a peak 
conductivity of 6.2 x105 S/m. PJP-printed gold LED interconnects 
and microheaters on flexible substrates are developed to 
demonstrate the potential of this single-step sintered deposition of 
conductive traces on low-temperature substrates. 
 
Index Terms—Additive manufacturing, plasma jet printing, 
flexible hybrid electronics, wearables. 

 

I. INTRODUCTION 
ABRICATION of flexible devices using additive 
manufacturing has been rapidly increasing for several 
decades due to the low-cost, economical nature of the 

technology. Additive manufacturing has been used to 
demonstrate flexible devices such as opto-electronic devices, 
gas sensors, chemical sensors, phased-array antennas, radio 
frequency identification devices, and organic thin-film 
transistors using printing modalities such as inkjet and aerosol-
jet printing [1], [2], [3], [4], [5], [6], [7], [8], [9], [10], [11], [12], 
[13], [14]. A wide variety of nanomaterial inks have been 
formulated for various additive printing techniques, including 
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2D and 3D printing applications [15], [16], [17]. The use of 
additive technologies is very attractive for the ability to 
fabricate conductive traces onto many types of substrates, 
including flexible substrates like polymers and papers. The 
global printed electronics market is expected to be propelled to 
over USD 44 billion by 2030, with applications in the 
automotive, biomedical, consumer electronics, smart 
packaging, defense, and aerospace industries[18]. While a 
rapidly developing technology, there are some challenges to 
address regarding the longevity of printed devices in sensitive, 
humid, or corrosive environments.  

Metallic nanoparticles dispersed into a nanoparticle ink are 
commonly used for additive manufacturing of conductive traces 
[19], [20], [21]. These nanoparticles must be converted into 
conductive metal films by forming necks between the particles, 
removing any solvents, capping agents, and ink additives, while 
also densifying the nanoparticles into a continuous film. To 
achieve this, a post-processing step of sintering at high 
temperatures is usually used. Even with the reduction of 
nanoparticle size to achieve a lower melting temperature, 
sintering temperatures of over 200°C are not uncommon for 
silver and gold commercial inks, as well as long sintering times 
over 30-120 minutes [22], [23], [24], [25]. To obtain high 
conductivities, temperatures of 500°C and times of 300 minutes 
have been reported [22]. This is not ideal for heat-sensitive 
substrates such as paper and low glass-transition polymers that 
cannot withstand this treatment. Several solutions including 
laser, plasma, and intense pulsed light sintering, aim to address 
this problem. Laser sintering has the advantage of selective area 
sintering and local high temperatures[26]. The drawback is that 
a single laser beam sintering large areas can take significant 
time. Intense pulsed light uses the higher absorption of 
electromagnetic radiation of the metal particles compared to the 
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surrounding substrate. This method can generate local 
temperatures of over 1000°C within the metal traces. The speed 
of pulsed light sintering can be much faster than laser sintering 
but can cause delamination problems as the temperature 
difference from the heated metal to the cooler substrate can 
generate significant thermal stress [27], [28]. Near-infrared 
(NIR) sintering can also be an effective approach to low-
temperature sintering of nanoparticle inks [13]. With this 
method, rapid sintering is achievable but the ink must be tuned 
for NIR absorption. Plasma sintering is a good alternative to 
these methods and has been demonstrated by using low-
pressure and atmospheric-pressure plasma to sinter conductive 
printed nanomaterial [29], [30]. Plasma sintering can affect 
small or large areas by changing the nozzle size or using a 
plasma chamber[29], [31], [32]. While low-pressure plasma 
sintering can have some problems with only sintering a “skin 
depth” these issues have not been observed with atmospheric-
pressure plasma sintering, as will be highlighted later in this 
article [29], [31], [33].  

Silver is commonly used as a conductor in printed electronics 
applications but has a drawback of oxidation in many 
environments and is not inherently biocompatible [34]. 
Oxidation will cause the drifting of sensors and reduce 
electronic function over time without passivation and could 
even result in device failure. Gold is a much more stable 
solution for certain applications in printed electronics where 
good conductivity is needed without the risk of oxidation. 
However, the sintering temperature of gold nanoparticles of 
even a few nanometers is reported to be up to 300 to 400ºC, 
which is incompatible with most low-temperature substrates 
[13], [35]. Additionally, regardless of sintering temperature, all 
jetting depositions of gold nanoparticles so far have required a 
two-step process— print and then sinter. In this work, we show 

the deposition of gold nanoparticles and in situ plasma 
sintering, which can be a single-step manufacturing process. 

Plasma jet printing (PJP) is a unique printing technique that 
offers two major advantages over the more commonly used 
technologies such as inkjet and aerosol jet printing— (1) it can 
print independently of gravity, and (2) it can pattern self-
sintered nanoparticle films in situ in a single step. Because the 
deposition flow depends on both the carrier gas pressure of the 
jet as well as the electromagnetic forces of the plasma, 
conductive traces can be printed in space and microgravity 
environments, enabling on-demand manufacturing of 
electronics for long-term space missions [31], [33], [36]. 

The plasma jet printhead comprises two ring electrodes 
around a ceramic dielectric connected to a high voltage (0-
25kV), low-frequency (~27kHz) power supply. The applied 
voltage and frequency generate an atmospheric pressure, 
dielectric barrier discharge plasma. A nanoparticle ink is 
atomized by an ultrasonic transducer, and the mist is carried to 
the printhead via a helium carrier gas. As they pass through the 
plasma, the nanoparticles in the ink are bombarded by ions, 
electrons, electromagnetic radiation, and other species in the 
plasma. When properly tuned, this can result in solvent 
evaporation and sintering of the nanoparticle films during 
deposition, as plasma has been shown to sinter metal 
nanoparticle films [29]. This can cut out the expensive and 
time-consuming post-processing steps and enable direct 
manufacturing onto low-temperature substrates such as paper, 
low-glass transition polymers, and textiles for fabricating 
electronics and sensors for gas sensing and wearable health 
monitoring applications. A schematic of the plasma jet parts can 
be seen in Fig. 1e, showing helium gas flows, the ultrasonic 
atomization system, the printhead, and the power supply. An 
image of the PJP with the plasma plume is shown in Fig. 2a.  

Fig. 1. (a) Gold nanoparticle ink dispersed in DI water. (b) Gold ink ultrasonic atomization in glass flask. (c) TEM of uncapped gold 
nanoparticles with 2nm scale bar and (d) 20nm scale bar. (e) Plasma jet printer schematic showing basic parts used for of plasma deposition. 
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This work demonstrates a single-step plasma jet printing and 
sintering of flexible and conductive gold traces by leveraging 
the plasma printer’s sintering abilities and ink modification. We 
show additively manufactured gold traces with superior 
adhesion onto flexible and low-temperature substrates. The 
gold ink was optimized experimentally for PJP, and lines were 
printed onto multiple substrates for characterization of the 
deposition. The plasma voltage and the number of passes were 
varied to observe the effect on the printed film quality. Optical 
and electron microscopy and electrical characterization were 
performed on the gold nanoparticle films. 

II. MATERIALS AND METHODS 

2.1 Gold nanoparticle ink 
Two gold nanoparticle inks were obtained from INFlex Labs, 

fabricated, and demonstrated for multijet deposition, i.e. 
multijet inks [13], [37]. In IFL_MJ-Au1, the synthesized 
nanoparticles were capped with polyvinylpyrrolidone (PVP) for 
suspension stability and resistance to agglomeration (Fig. 
1a)[37]. These particles were suspended in deionized water. 
The second ink, IFL_MJ-Au2, contained gold nanoparticles 
with no polymer capping agent and simply consisted of the 
nanoparticles suspended in deionized water. The ink was 
diluted 10:1 with DI water and sonicated in a bath sonicator for 
30 minutes before loading into the PJP for printing. 
Transmission electron microscopy (TEM) was performed on 
the gold nanoparticles to observe their size before printing. The 
TEM showed that the size of the particles is less than 60nm as 
shown in Fig. 1c and 1d, which is confirmed by our previous 
studies [37]. Full synthesis and materials characterization of the 
gold nanoparticles with PVP capping that were used in this ink 
can be found in ref. 37. The uncapped nanoparticles were 
synthesized without the PVP capping agent in a similar method. 
The crystalline nature of the gold nanoparticles can be observed 
in the higher-resolution TEM in Fig. 1c.  

2.2 PJP Printing 
The uncapped, IFL_MJ-Au2, gold ink PJP printing conditions 

were optimized by adjusting the sheath and precursor flow. For 
the IFL_MJ-Au2, the optimized sheath and precursor flows 
were found to be 350 SCCM and 100 SCCM, respectively, for 
a 1-2 mm printhead height above the substrate to minimize 
overspray and increase resolution. A customized ultrasonic 
atomizer was created using an ultrasonic transducer and a 50mL 
double-necked flask for continuous atomization of 2-3mL of 
gold ink. The ink atomizer is shown working in Fig. 1b where 
the red-colored gold ink is turned into a mist in the atomization 
flask. Lines were printed with varying plasma voltage to 
observe how the gold was deposited at different plasma powers. 
Since plasma has been shown to sinter materials while being 
deposited, we hypothesized that the gold could be sintered with 
the plasma [29], [32], [33], [36]. For characterization of the 
conductivity, a glass slide was used as rigid substrates are more 
consistent with using electrical characterization and 
microscopy before moving onto flexible substrates. The gold 
was deposited with varying plasma powers, which was 

controlled by adjusting the voltage of the AC power supply. 
Sets of lines were deposited at 10kV to 25 kV at intervals of 
2.5kV to observe the effect of plasma voltage on the deposition, 
similar to Fig. 2(b). IFL_MJ-Au1 was also optimized and 
deposited with varying voltage on the commercial plasma jet 
printer.  

2.3 Characterization 
   The resistance of each of the printed gold lines was measured 
using a four-point probe resistance measurement system or two-
point resistance measurement system. The four-point system 
was used on the first samples to mitigate contact resistance from 
the probes. To calculate the resistivity, the cross-sectional area 
of the prints was measured using a profilometer (Bruker Dektak 
XT) by finding the width and average thickness of the printed 
lines. Scanning electron microscopy (SEM) images of samples 
printed at varying voltages were taken. Fig. 2c-d shows the 
printed uncapped gold showing significant grain growth of the 
gold nanoparticles in IFL_MJ-Au2 from their original size to a 
larger connected network. 

III. RESULTS 

3.1 Plasma effect on conductivity 
For the uncapped ink deposited from 10kV to 25kV, we 

measured an increase in average conductivity at 12.5kV. For 
higher deposition voltages between 15kV to 25kV, the 
conductivity of the printed gold film decreased, and the 
hypothesis of this will be explored in the following sections. 
Fig. 2e shows the average conductivity of printed lines at 
varying deposition voltages, with no post-processing. The most 

Fig. 2. (a) Photograph of plasma jet printer depositing onto glass. (b) 
gold lines printed at varying voltages onto glass. (c,d) Top-down 
SEM images of printed gold showing nanoparticle growth. (e) 
Conductivity of printed gold (IFL_MJ-Au2) lines vs. deposition 
plasma voltage. 
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conductive gold line printed at 12.5kV peaked at 6.2 x105 S/m, 
which is about 65 times less than conductive bulk gold. 
Profilometer analysis of the cross-sectional area of all these 
films showed an average increase of 50% from 10kV to 15kV 
and a further decrease for higher voltages.  

Another interesting observation comes from the SEM 
topography images of each plasma voltage. Non-ideal porosity 
is generated in films deposited at higher voltages. Fig. 3 shows 
that at 10kV, the particles are deposited with good packing 
density but exhibit little grain growth with large and small 
particles mixed together. When the voltage was increased to 
12.5kV, many more of the smallest particles are sintered to 
form larger particles. At 15kV, the particle size remains similar, 
but the vertical porosity of the material increases. At 20kV and 
25kV, the vertical porosity is further and significantly 
increased. The porosity of these films was quantified using area 
threshold masking, and it was observed that the porosity 
increases in the sample with increasing plasma voltage from 5% 
to 30%. The increased porosity is detrimental to the 
conductivity, as is observed with the decrease in conductivity 
for higher voltages. We are observing two effects as the 
uncapped gold is deposited—As the plasma power is increased, 
it delivers more energy to the nanoparticles and has the 
opportunity to further sinter them. Simultaneously, as plasma 
power increases it begins to introduce porosity in the films, and 
reduces the cross-sectional area. These work against each other 
so that there is an optimal deposition voltage for the uncapped 
ink that is 12.5kV, lower than the maximum explored. 
Additionally, as the plasma power increases, the deposition of 
the uncapped ink becomes less as the particles can be charged 
and can blow off of the substrate entirely. As seen the in Fig. 
2b, the width of the printed line and overspray significantly 
decrease with increasing plasma voltage. 

The polymer-capped ink (IFL_MJ-Au1) showed no 

conductivity with any deposition voltage, indicating that the 
plasma did not remove the polymer capping agent and the 
nanoparticles were not sintered together. The printed lines were 
carbon coated and observed in the SEM to confirm this. No 
necking of the particles was observed and the particles were 
significantly larger than their uncapped counterparts, which 
indicates the covering of each particle with the polymer. The 
morphology of the particles differs greatly from the uncapped 
ink.  

3.2 Printed Electrodes 
Electrodes were printed onto polyimide, paper, and other low-

temperature substrates to demonstrate the ability of the PJP to 
deposit sintered gold onto low-temperature, flexible substrates 
(Fig. 4c). LEDs were attached to the electrodes with silver 
paste, it was cured at 50°C or by being left in air overnight, and 

Fig. 3. Top-down SEM images of printed gold at varying deposition voltages showing varying deposition topography at different voltages and  
increasing porosity. All scale bars are 10um.  

Fig 4. (a) gold electrodes deposited onto paper and flexed in hand, (b) 
in reverse direction over a table edge. (c) electrodes deposited onto 
polyimide, tattoo paper, and scotch tape. (d) Lighting of LED with 
3V on polyimide while flexed.  
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the LEDs were powered on with as little as 3V. As 
demonstrated in Fig. 4(a)-(b), (d), the LED connection can be 
flexed on paper and polyimide in either direction, and no 
change in brightness was observed on the LED, indicating a 
strong connection and flexibility of the plasma-deposited gold 
electrodes. 

3.3 Adhesion of uncapped gold 
A common problem with additive manufacturing using gold 

is that gold has inherently poor adhesion in many cases. Even 
in semiconductor processes, an adhesion layer of titanium or 
chromium is commonly used when sputtering gold onto a 
substrate [38], [39]. The adhesion of the uncapped gold printed 
onto smooth substrates like polyimide and glass, while resistant 
to flexing stress, could be easily scratched off. This is unideal 
for many cases where the gold would be exposed, like sensors 
or wearables. The plasma jet-printed gold traces did not exhibit 
good adhesion to relatively smooth substrates like glass, 
Kapton, and silicon, which could be scratched easily with a 
probe or gloved hand. Electrodes printed onto paper substrates 
had much better adhesion, as the surface's roughness increased 
the surface's coating, as has been previously reported [32]. 

3.4 Modified gold ink for improved adhesion 
A new, modified gold ink (IFL_MJ-Au3) was printed with 

PJP to test the formulation for increased adhesion. These 
nanoparticles were modified as described by ref. 37, where 
much, but not all, of the PVP capping agent is removed by 
washing. The optimized sheath and precursor flows were 
determined to be 550 SCCM and 100 SCCM for the new ink, 
using a 2 mm print height from the substrate. Simple lines for 

measuring the resistance of the ink were printed with 2 passes 
at varying plasma voltages from 5.0 to 15kV. Since the ink had 
trace additives of polymer, ethanol, and Ethylene glycol, a 
simple pass of plasma over the printed traces was needed to 
achieve conductivity and remove the polymer and solvent from 
the deposited film, as has been inferred previously [32]. The 
capping agent must be removed before the sintering of the 
nanoparticles occurs. As the particles are exposed to heat and 
plasma, Oswald ripening will occur when the individual 
particles form necks and begin to fuse together. This is 
highlighted in the three SEM images of Fig. 5. Initially at 10kV, 
there are individual particles that are not very conductive. When 
the voltage is increased to 15kV, the particles start to fuse 
together but are in a partial state of sintering. When a 10-pass 
plasma treatment has been performed, a much more connected 
network of particles is observed, resulting in a more than 10x 
drop in resistance. This phenomenon is also observed in the 
cross-section SEM images as well (Fig. 6a). Low-temperature 
burn-off polymer and also reducing the amount of polymer in 
the printed films helps to reduce the sintering temperature 
required for achieving low-temperature sintering. The lines 
were treated with 2 passes of only helium plasma with the 
atomization system turned off. The speed during this treatment 
step was carried out at 0.1mm/s for best results. To further 
increase the conductivity of the printed samples, the treatment 
step was performed at 2-10 passes of the samples printed at 
15kV. 

IFL_MJ-Au3 was deposited at 0.5 mm/s print speed and at 
voltages from 5kV to 15kV. These samples were treated with 2 
passes of plasma at 0.1 mm/s, without ink atomization, at the 

Fig 5. (a) Modified gold (IFL_MJ-Au3) resistance deposited by PJP on glass. Resistance of printed gold line vs post printing plasma treatment 
passes. (b) SEMs showing the densification and necking of gold nanoparticles with increased voltage and treatment. 
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same deposition voltage. Electrical resistance measurements 
were taken of the printed lines, and for the 5kV and 7.5kV 
depositions, there was no conductivity. From 10kV to 15kV, the 
resistance of the printed line decreased significantly down to 
hundreds of ohms. Fig. 5a (left) shows resistance vs. deposition 
voltage for the capped gold ink. Multiple passes of plasma over 
the printed gold resulted in a further decrease in the resistance 
of the printed gold. The average resistance shown in Fig. 5a 
(right) is for the gold printed at 15kV and treated at 15kV at 
0.1mm/s plasma speed. With more plasma treatments, the 
film’s resistance decreases, saturating with more passes up to 
10. The error bars represent the standard error of the sample set 
at each treatment number. 

SEM imaging was performed on the samples with each 
deposition parameter and plasma treatment to understand what 
was happening to the deposited nanoparticles. Fig. 5b shows 
SEM images of the deposited gold at 10kV, 15kV, and 15kV 
with 10 treatment passes. It was observed that at 10kV, again, 
there is insufficient necking and particle growth for good 
conductivity. The added polymer must be burned off in order to 
sinter the nanoparticles through Oswald ripening [13]. When 
the voltage increased to 15kV then necking and densification 
between the particles occurs as seen in Fig. 5b. With increased 
plasma treatment, densification and necking of the 
nanoparticles further increased. In the SEM images (Fig. 5b), 
between 2 and 10 plasma passes, significant grain growth is 
observed so that there are few nanoparticles left, which is 
consistent of fully sintered nanomaterials [28], [29], [30]. 
Cross-sectional SEM images were taken of the samples printed 
at 15kV and treated from 2-10 passes. Significant densification 
of the gold nanoparticles can be seen as the particles become a 
more solid film from individual nanoparticles (Fig. 6a). Based 
on the 0.1 mm/s speed, the printed line sample receives 10 
seconds of plasma treatment every millimeter. Since the plasma 
jet width is less than a millimeter, even at the highest number 
of plasma treatments, each one-millimeter section receives a 
maximum of 100 seconds of plasma treatment. This time of just 
under 2 minutes of constant plasma exposure to the film is 

significantly improved over the tens of minutes to hours 
required in previous studies [29], [30], [40].  

As multiple passes of plasma treatment are performed, the 
temperature of the substrate is important to consider. The 
temperature at the substrate due to atmospheric pressure plasma 
has been recorded under 60°C when the plasma is used to treat 
samples in cycles and for several minutes [30], [41]. 
Particularly when the plasma is cycled on and off or when it is 
rastered, the local heating on the substrate can stay below 50°C, 
ensuring the ability to print and sinter on low-temperature 
substrates. This has been studied for biomedical applications 
and biofilm treatment, where atmospheric pressure plasma jets 
are used as they have the benefits of high-temperature plasmas 

Fig. 7. (Top) IFL_MJ-Au2 and (middle) IFL_MJ-Au3 printed and 
before and after tape test. (bottom) Electrode end probed many times 
while remaining well adhered.  

Fig. 6. (a) Cross-sectional SEM of modified gold nanoparticle ink printed at 15kV plasma voltage and treated from 2-10 passes. All scale bars 
are 20µm. (b) Printed microheater on paper and polyimide. Temperature observed with IR thermometer. (c) Temperature vs time for printed 
microheater on polyimide with varying current.  

IFL_MJ-Au3 

IFL_MJ-Au1 
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but operate at 30-50°C where tissue damage is not an issue [13], 
[42]. 

With the modified ink, IFL_MJ-Au3, the adhesion, especially 
after treatment, was significantly increased. Gold lines and 
electrodes were not easily scratched off, and the probe could not 
remove them from the substrate with regular force. When 
scratched with the probe, the films stayed intact. The surface of 
the films was roughened as seen in Fig. 7, but the gold was not 
removed from the substrate. To ensure the NPs were sintered 
and not removable with solvent, the films were rinsed with DI 
water isopropyl alcohol, and ethanol from a bottle, which also 
left the films intact and conductive. Some gold overspray was 
rinsed off, but the bulk of the film remained unbroken. To test 
the adhesion to tape force, gold pads were also printed with both 
inks, and a fresh piece of 3M Scotch tape was applied by hand. 
A basic tape test with 90º pull-off was performed by gripping 
the one end of the tape and pulling slowly and a perpendicular 
direction to the substrate. The adhesion test was quantified by 
observing the prints optically before and after the scotch tape 
test to see how much of the film was removed. This can be seen 
in Fig. 7. Visible gold removal is seen in the uncapped ink pad. 
With the modified ink, IFL_MJ-Au3, there was some gold 
removed, but the underlying print maintained its conductivity 
while the uncapped ink did not retain conductivity (Fig. 7). The 
film, as seen in the image after tape tests, remains attached to 
the glass substrate. The lines printed and post-plasma treated 
did not reveal any reduction in flexibility, as LED electrodes 
printed with both setups could be flexed without loss of 
brightness of the LED. 

3.5 Printed heater  
To demonstrate the performance of gold deposited using 

plasma jet printing in this method, a printed microheater was 
fabricated with the modified gold ink. Microheaters have been 
fabricated using traditional and additive manufacturing 
techniques, with some complicated fabrication techniques, but 
have not been demonstrated using plasma-jet printing 
technology [43], [44], [45], [46], [47]. Gold microheaters are 
crucial in biomedical applications, point-of-care diagnostics, 
and in flexible, wearable technologies [44], [45], [46]. The 
plasma jet-printed film exhibited superior adhesion to the 
substrate, and flexibility and was fabricated using the single 
tool, single-step PJP process. The gold ink IFL_MJ-Au3 was 
deposited and treated with the plasma post-deposition to sinter 
the nanoparticles and remove the slight amount of remaining 
polymer. Fig. 6b shows one printed microheater onto paper and 
polyimide. Its temperature response, measured by an IR 
thermometer with two driven currents applied, is shown in Fig. 
6c. The temperature increases quickly when the current is 
applied and corresponds to the amplitude of the current.  

IV. CONCLUSIONS 
We report the first demonstration of self-sintered and 

enhanced adhesion with plasma jet-printed gold nanoparticle 
ink for flexible hybrid electronic applications. Compared to 
other low-temperature sintering techniques, plasma-jet printing 

has the major advantage of being a single deposition and 
sintering tool with no need to move the substrate between a 
printing and sintering tool, reducing the footprint of end-to-end 
manufacturing. This is especially crucial for in-space 
manufacturing and instances where a cleanroom or inert 
environment may be required. PJP also is rapid and scalable, 
where larger or multiple plasma sources can further increase 
sintering speed. While silver nanoparticles can sinter at lower 
temperatures and have seen better results in terms of 
conductivity from PJP, gold is required for applications where 
stability from oxidation and biocompatibility are crucial. While 
the presented work shows results not achieved previously, 
further improvements in the conductivity of the gold can open 
up this method to a wider range of electronic applications. 
Further study on adhesion and improvements to the resolution 
of the plasma printhead by using smaller nozzles, could also 
open the applicability of PJP for flexible hybrid electronics. In 
this work, gold nanoparticles were deposited onto glass, 
polyimide, and paper substrates, and the films were self-
sintered as they printed. The plasma voltage was varied, and the 
conductivity and porosity of the printed films were measured. 
The porosity increased as plasma power increased, and the 
conductivity peaked at 6.2 x105 S/m where porosity was 
minimal and cross-sectional area plots intersect. For increased 
adhesion, a modified ink was created optimized for the plasma 
jet. As further plasma passes were performed on the modified 
ink, the densification and sintering were increased as confirmed 
by SEM. The resistance of the as-printed lines was also reduced 
from 190Ω to 15Ω with increased plasma treatment at 15kV 
plasma voltage. After deposition and a plasma treatment step, 
conductive films with high adhesion and resistance to 
scratching were produced from PJP compatible with low-
temperature substrates.  
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