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Abstract. Resistive strain gauges are a popular and reliable method for determining localized strain in manufacturing and
engineering industries. Common commercially available strain gauge structures are manufactured using conventional photo-resist
and acid etching processes. The disadvantages associated with these techniques are generation of toxic effluents and the slow speed
of production. Moreover, the commercially available strain gauges should be attached to the test sample through the use of fast-
acting glue. It can be an issue when flexible polymers are analyzed. Within this scenario, printed electronics can be and option to
produce such strain sensors since it has already demonstrated its capability also for manufacturing of high-speed electronics and
low cost products through an additive process. The technology also allows the printing of a sensor directly over the tested sample.
This method can increase the sensor sensibility since the fast acting glue influence is removed. Markets of printed electronics are
growing rapidly and it is estimated that in the future the business will grow even bigger than the silicon technology. Products based
on printable electronics might include ultra cheap radio-frequency identification tags (RFID), inexpensive and disposable
displays/electronic paper, interior connections, parts of electronic assemblies (e.g. PWB and phone chassis), sensors, memories,
and wearable user interfaces. This paper reports the design and manufacture of a resistive strain sensitive structure fabricated
using the inkjet printing process. The main objectives were the obtention of a resistive strain gauge with commercial resistance and
also analyze the printing process and the resulting microstructure. For this purpose, strain gauges were printed over polyimide
substrates using a Dimatix. The ink was a silver based suspension and the curing conditions were controlled in order to obtain the
desired resistance. The electrical response of the strain gauge under strain was verified. After a microstructural analysis though
SEM it was possible to observe a large amount of porous within the trace. These porous affected the trace resistivity and could be
an issue to the mechanical properties, adhesion for instance, of the strain sensor. Nevertheless, it was possible to obtain strain
sensors through the printing of conductive material.
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1. INTRODUCTION

Resistive strain gauges are a popular and reliadgthod for determining localized strain in manufisicty and
engineering industries. According to Perry and héss(1962), average unit strain, capable of beigigrdhined using
strain gauges, can be summarized as the “totatmeton of a body in a given direction divided Ine toriginal length
in that direction”. The operation of resistive gtrgauges relies on the change in resistance ohductor when a load
is applied.

Manufacturing techniques for resistive strain gaugave changed over time from thin diameter wireered in a
grid formation on paper backing materials, emplofj@dSR-4 structures, to photo resist, acid etcipédls formed on
alloy clad polymer substrates. Garetral (2007) observed that disadvantages associatedtgthater manufacturing
technique include the production of toxic wasteeriat and slow speed of fabrication.

Most of the conventional pressure sensors consigissensitive wire or foil as strain gauge matedtached by an
adhesive to the component. As the adhesive andrizpokaterial are in the force path, the accuracsneésurement is
limited by the thickness and characteristics of¢hmaterials (Rajendehal., 2005).

Business around printed electronics is expectdtht@ a vigorous growth in next few years. Printedteonics is
estimated to have even bigger market than theosiliechnology nowadays. Products based on printlbleronics
might include ultra cheap radio-frequency idendfion tags (RFID), inexpensive and disposable diggklectronic
paper, interior connections, parts of electroniseasblies (e.g. PWB and phone chassis), sensorsorgsnand
wearable user interfaces. Additive technologiesroffower cost, less production steps, and capghbit mass
production. Printed electronics takes advantageasfosciences and material development, piggybadkiem onto
printing technologies which have developed quitemduring past years (Bonadimetral., 2008.

Conductive traces can be obtained through the geraent of dots that are deposited in the substwath,some
overlapping. There are several parameters that beistontrolled in order to achieve appropriate elisging. These
parameters are distributed in the ink, in the inkgad, as well in the substrate (Bonadireiaal., 2008). Moreover, the
curing (sintering) process is also extremely imguoftt It will define the traces microstructure, thuill impact in the
electrical and mechanical proprieties of the device

Strain sensors without adhesive application wetaionbd through different techniques as anodizatiReiendraet
al., 2005) and lithography (Gareéh al., 2007). However, ink jet printing technology assas a low cost and flexible
technique. Since it allows the non contact printings possible to create strain gauge over complafaces and
change its layout easily.
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Within this scenario, printed electronics can be omtion to produce such strain sensors since it dliasady
demonstrated its capability also for manufactudhdnigh-speed electronics and low cost productsugh an additive
process. The technology also allows the printin@ sensor directly over the tested sample. Thisiotetan increase
the sensor sensibility since the fast acting ghileeénce is removed.

This paper reports the design and manufacture refsistive strain sensitive structure fabricatechgighe inkjet
printing process. The main objectives were the pectdn of a resistive strain gauge with commercidistance
through printed technology process and also ewalthet printing process and the resulting microstimgc

2. EXPERIMENTAL PROCEDURE
2.1. Strain Sensor Printing

Strain sensors were printed through ink jet teamign polyimide flexible substrate. For this pugpasspecialized
ink jet printer (Dimatix) and a suspension containsilver nanoparticles were applied. The ink usaed acquired from
a known supplier, and has 50% of metal contentalarpsolvent. Surface tension is 27.9 mN/m. Thessake was
Kaptorf polyimide film.

The conductive particles, within the suspensioa,cvered with dispersing agents which improvesnhestability
proprieties. After printing process, the dispersemgent must be removed in order to allow the cantetween
conductive particles and, consequently, the simjeprocess. This principle is shown in Fig. 1.
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Figure 1. Sintering process (Cagéal., 2008).

Prior to the printing process, the ink was subrditte an ultra-sound treatment during 10 minute®rider to
minimize the metal particles agglomeration. Thisgass also minimized the clogging effect in therichge nozzles
since the cartridge nozzles apertures have abqun2Zhe polyimide substrates were treated usiniganing solution
(HFE 7100 3M). After this procedure, the polyimisleeets were placed in the printer plate which wagained at
60°C. Figure 2 shows the printed strain sensordayok drops of approximately 60um were deposi@rdhe substrate
with 10pum spacing. The printing conditions weredsh previous work (Marquest al., 2007). After the printing
process samples were kept on the printer platéthetink dries completely completely.
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Figure 2. Printed strain sensor layout.

Samples were submitted to a controlled sinterirarg@ss. Curing process was held in a muffle ove?l@tC. The
final resistance (120) was controlled though online resistance monitprin

2.2. Microstructure Evaluation

In order to evaluate sensors microstructure twoupgoof samples were selected and then submitted to
metallographic preparation. One group of samples waed in the same conditions as mentioned prselioThe
second group of samples was not sintered. Thesplesmonly were submitted to a drying process aCé8dring 10
minutes. In both cases, the layout was defined agctangular pad. It was defined in order to feaiéi the
microstructure analysis proceeding.

The Ag microstructure was analyzed through ScanBiegtron Microscope (SEM). The pad was scratcheatder
to set the Ag layer perpendicular to the SEM beAfter that a carbon coating was applied over thé ipaorder to
prevent image saturation.
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The materials microstructure was evaluated
2.3. Electrical Response Tests

The electrical signal generated by the printedirstgauge was evaluated in order to compare theltsesiith
commercial strain gauge. The main goal was to exelif the printed sensors has a similar behaviemcompared to
the commercially available sensors, i.e., if idlide to recognize the substrate deformation.

Conventional strain gauge was bounded on a polgnfiiekible substrate. Both, printed and commerstahin
sensors were submitted to bending tests. The sdlerpresentation of the performed bending tess{R) is show in
Fig. 3.
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Figure 3. Bending Test Schematic Representatiost (&g

A second bending test was performed. In this testttvo extremes of the polyimide were fixed (Te}t Bhe
Scheme is shown in Fig. 4.
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Figure 4. Bending Test Schematic Representatiost B

3. RESULTSAND DISCUSSION
3.1. Strain sensor printing

It was possible to print strain sensors directlypmyimide substrate (Fig. 5). The strain gaugeafigions are
limited by the input drawing which is limited byehtrace resolution. However, this one is relateda toomplex
interaction between the ink, the substrate andotheing conditions (Bonadimaet al., 2008). The available ink and
equipment allows traces with about 60um lengths tthe selected layout was within this limit. Saesplound do have
electrical continuity, thus, being able to be cured

Polyimide
Substrate

Printed
Strain Gauge

Figure 5. Printed strain gauge on polyimide substra
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3.2. Microstructure Analysis
3.2.1. Dried Samples
Through the SEM analysis was possible to obseraettie non-cured samples microstructure shown gmoads on

the Ag pad surface. These pores were located ibdttem surface of the pad which was in contachhe Polyimide
(Fig. 6). These pores could be an issue to the Isam@chanical behavior.

Pores

IMd T

Figure 6. SEM image of Ag printed pad. It is poksiio observe small
pores in the surface which was in contact withgblyimide.

Despite the fact that the sample it is not curedyas not possible to observe a reasonable amdytres in the
bulk material (Fig. 7). Possibly it is caused bg #asy arrangement of the metal particles dueet@tésence of low
viscosity materials coming from the ink compositidforeover, the presence of surfactants and elesxfenrn the ink
may mask the pores.

Figure 7. SEM irﬁages of te traces bulk materiatas
not possible to observe a considerable amountrefspo

3.2.2. Cured Samples

The curing process, more precisely, refers to iersng process. This is a process of forming cigjérom a metal
powder by heating the powder at a temperature bé®wnelting point. During the hitting proceduréetparticles
composing the powder, join together to form a sngblid object (Fig. 8). Moreover, the processiiset and
temperature dependent. Thus, with the increasdeftime and temperature the sintering process i® raffective
inducing the pores reduction, thus increasing theenel densification.



Proceedings of COBEM 2009 20th International Congress of Mechanical Engineering
Copyright © 2009 by ABCM November 15-20, 2009, Gramado, RS, Brazil

Figure 8. Sintering process schematic representatifth the
increase of the time and temperature the amoupbrefs reduces.

After the curing process it was possible to obsexvlarge amount of pores in the trace bulk matdfa. 9).

Probably, the pores were originated from the gaseslling during the curing process. Since the iagpink is
composed not only by metal particles (only abo@b®d of the composition), but also composed by gageamount of
surfactants and chemical solutions (with low evafion temperature), the evolution of gases wasctgge In order to

increase the trace densification, a pressurizedrsiig process would be needed.

' Figure 9. SEM images of the pad buk materials d)ssible
to observe a large amount of pores in the tracle foalterial.

Curing process had a high influence over the traesistivity. After sintering, the material reduceshsiderably its
resistivity. However, the resistivity found to beaeomagnitude order higher (1&pm) when compared to the silver
bulk resistivity (1.6 | @cm) . Probably it is due to the large amount ofdgdn the trace structure. Moreover, since the
material was obtained through sintering of metalaperticles, the microstructure probably has a kigtount of grain

boundaries. It can interfere in the electrical aariivity.

3.3. Strain Sensor Electrical Signal Evaluation

Fig 10 shows the electrical comparison betweemptirted and the conventional strain sensor whemittéd to the
Test A. It is possible to observe that the prirggdin gauge has a more sensible response todhedd force.

Voltage

Time

Figure 10. Electrical response comparison betweien and conventional strain sensor during Test A
(blue line — conventional sensor; pink line — gthsensor). Grid squares corresponds to 1V vamiatio
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Fig 11 shows the electrical response during Tegtdain, it was possible to observe a more sens#sponse of the
printed sensor when compared to the conventional.

Voltage

Time

Figure 11. Electrical response comparison betweitep and conventional strain sensor during Test B
(blue line — conventional sensor; pink line — Eohsensor). Grid squares corresponds to 1V vanmiatio

During a stationary state it was possible to obsehanges in the signal of the printed strain gdkae 12). These
changes in the signal of the printed strain gaumeédcbe related to the air flow influence. Since girinted sensor is
extremely sensitive, a vibration in the system ddwdve caused these signals. Moreover, anotheibpoasfluence is
the variation due to temperature changes sinceelbetrical signal seems to change even with sneatiperature
variations. One possible solution would be the igpfibn of a cover layer over the printed samples.

Voltage

Time

Figure 12. Electrical signal during stationary stéilue line — conventional sensor;
pink line — printed sensor). Grid squares corredpdn 1V variation.

4. CONCLUSIONS

It was possible to print strain sensors directlypotyimide substrate. The strain gauge dimensioasdimited by the
input drawing which is limited by the trace resauat However, it is related to a complex interactletween the ink,
the substrate and the printing conditions.

It was not possible to observe a reasonable anafipires in the bulk material of non cured sampRessibly it is
caused by the easy arrangement of the metal gartile to the presence of low viscosity materiaisiog from the
ink composition. However, cured samples shown gelamount of pores within the trace bulk mateRabbably, the
pores were originated from the gases expelled duttie curing process. It was expected since thdiegbmk is
composed not only by metal particles, but also ausef by a certain amount of surfactants and chésodations.

The electrical bending tests showed that the ptisteain gauge has a superior sensibility when eoetpto the
conventional sensor. However, in stationary sta¢eprinted strain gauge presented changes in therated electrical
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signal. Probably it is related to this high sergipiwhich can sense small vibrations and also dgesnin the
temperature
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