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Recently, microfluidic stretchable electronics has attracted great interest from academia since

conductive liquids allow for larger cross-sections when stretched and hence low resistance at longer

lengths. However, as a serial process it has suffered from low throughput, and a parallel processing

technology is needed for more complex systems and production at low costs. In this work, we

demonstrate such a technology to implement microfluidic electronics by stencil printing of a liquid

alloy onto a semi-cured polydimethylsiloxane (PDMS) substrate, assembly of rigid active

components, encapsulation by pouring uncured PDMS on-top and subsequent curing. The printing

showed resolution of 200 mm and linear resistance increase of the liquid conductors when elongated

up to 60%. No significant change of resistance was shown for a circuit with one LED after 1000 times

of cycling between a 0% and an elongation of 60% every 2 s. A radio frequency identity (RFID) tag

was demonstrated using the developed technology, showing that good performance could be

maintained well into the radio frequency (RF) range.

Introduction

Today, user experience and acceptance are strongly influencing

innovations, and hence product design and technology develop-

ment. For example, user-friendly man–machine multi-touch

interfaces have reinvented smart phones and tablets, which

makes Internet information available almost everywhere and at

any time.

In electronic technology, a new revolutionary technology

concept has been proposed with many highly attractive new

features already demonstrated – stretchable electronics –

targeting conformal attachment on bodies1 with various

strategies.2–7 For example, recently the Rogers group at

University of Illinois, Urbana-Champaign, demonstrated the

so-called epidermal electronics.2 Being mechanically unnotice-

able to the user (much like a temporary tattoo), the presented

devices conformally attach to the human skin and can measure

various physiological signals, such as electroencephalograms,

electrocardiograms, and electromyograms, with potential to

communicating data wirelessly. Ultimately, this kind of device

may greatly improve man–machine interface, fitness monitoring,

home care of the elderly, and health and clinical monitoring.

Complementary to the elastic electronics that is based on

integrated circuit (IC) technology, stretchable printed electronics

allows for larger areal stretchable circuits at lower costs. One

example is based on microfluidics8 by introducing a liquid alloy

into micro replicated channels, liquid conductors and other

viscous components embedded into stretchable materials such as

silicones.9–13 Due to its fundamental advantage of being well

suited for designing large cross-sections, some passive compo-

nents that demand low electrical resistance, such as longer

interconnects,10 larger antennas11–13 and sensors,14 were demon-

strated using this technique. To allow for high performance, rigid

active components in microfluidic based stretchable electronics,

we have proposed a new concept of hybrid stretchable electronics

at a device level. Rigid active components were integrated and

encapsulated onto microfluidic passive components within

localized stiff cells (LSCs).15 Using this technique, a standalone

radio frequency (RF) radiation sensor15 and a reversibly

stretchable large-area wireless strain sensor16 have been demon-

strated. Furthermore, microfluidic approaches have been studied

by other groups for deployment of non-linear components such

as tunnel junctions17 and memristors,18 as well as electrochemi-

cal energy handling components,19 for energy harvesting20,21 and

batteries.22

However, the fabrication techniques for microfluidic stretch-

able electronics is still at a laborious handicraft stage with serial

injection of the liquid at low throughput and reliability, which is

far away from a fabrication process suitable for systems used in

applications such as interactive gaming, wearable computing,

healthcare or fitness monitoring, medical diagnostics, and

epidermal electronics. Hence, a robust and reliable parallel

process is needed for the device and system development of

stretchable/conformal microfluidic electronics. In this work, such

a technology was developed. The microfluidic stretchable electro-

nics was implemented by stencil printing of a liquid alloy onto a

semi-cured polydimethylsiloxane (PDMS) substrate, assembly of

rigid active components, and subsequent encapsulation by
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pouring PDMS pre-polymer and curing. The printing resolution

and the resistance of the liquid conductors were investigated.

Finally, a radio frequency identity (RFID) tag was fabricated and

demonstrated with the proposed fabrication technique.

Principles and design

As discussed previously,8,15 one of the feasible solutions to make

microfluidic stretchable electronics is to adopt LSCs. In this

approach, highly capable active components with small footprint

were encapsulated in the large areal stretchable microfluidic

system, where its surrounding is made mechanically stiffer and

well protected, to achieve an overall stretchability of the whole

device, although the rigid active components cannot be stretched

at all. Based on this concept, we propose a solution to deploy a

parallel technology for microfluidic stretchable electronics, as

illustrated in Fig. 1. Basically, first an elastic foil is prepared as a

substrate, Fig. 1(a); secondly liquid alloy circuits serving as either

connectors or components are printed on the substrate to form a

microfluidic circuit, Fig. 1(b); thirdly, rigid components/ICs/

circuitry, are mounted onto the circuit, Fig. 1(c); fourthly, the

device is closed by covering a second layer of elastic material,

Fig. 1(d); and finally LSCs are made to minimize the stress in the

areas containing rigid components.15

Considering the fact that (a) the thin oxidized layer of gallium

based liquid alloys is solid and mechanically rather stiff,23–26 and

that (b) silicones such as PDMS can both serve as a substrate and

a packaging material, the approach we proposed above is feasible

if we can successfully pattern such a liquid alloy on an elastic

substrate. Hence, the critical part is how to introduce the liquid

alloy in a parallel way. Printing is a viable alternative in electronic

industries and widely used for production of miniaturized, robust

and low-cost electronic circuits or disposable chemical sensors. In

this work, a stencil printing technique was proposed to print the

liquid alloy on a semi-cured elastic substrate, Fig. 2.

Briefly, first the liquid alloy is casted evenly onto the surface of

a silkscreen (or a similar flexible carrier), meanwhile a semi-cured

PDMS substrate is prepared on a hard flat and smooth support;

then a suitable stencil is put on the semi-cured substrate, and the

liquid alloy is lowered to the substrate via the openings of the

stencil by applying a normal force through the silk screen; in a

third step the liquid alloy is made thicker and evenly in the stencil

by rolling with liquid alloy on the roller; and finally, the liquid

alloy patterns are obtained by removing the stencil. If a pure

liquid alloy circuit is intended, this is followed by covering the

liquid alloy with uncured PDMS and fully curing all PDMS. The

final circuit is obtained by peeling it from the support. If active

components are to be integrated, the components and external

interconnects are put on the liquid alloy by a pick and place

machine before the second PDMS layer is poured over the

circuit.

Materials and methods

PDMS preparation

Unless stated otherwise, the PDMS Elastosil1 RT601 from

Wacker, was mixed in a 9 : 1 weight ratio (base : cross-linker).
Fig. 1 Schematic of the proposed parallel technology for microfluidic

stretchable electronics.

Fig. 2 Schematic of the fabrication process.
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To remove the air bubbles and prolong the time span that can be

used, the PDMS was mixed in a plastic cup and then put to rest

in a standard freezer at 218 uC.

The support, on which the PDMS substrates were cast, varied

from oxidized pre-cast PDMS frames to 4’’ Si-wafers and plastic

Petri dishes. In most of the tests the back of a plastic Petri dish

(84 mm in diameter from VWR international) was used.

Alternatively, a Laurel WS400B-6NPP-Lite spin coater was used

to obtain high uniform substrates. On all supports, the desired

amount of PDMS was poured/spin-coated and then spread out

by blowing with compressed nitrogen gas. Afterward, the sample

was resting in a standard household fridge at #4 uC to form an

even thickness. The treatment with nitrogen gas and fridge

cooling also removed any lasting air bubbles from the PDMS.

All oven curing was done in a Memmert UM 400 convection

oven at #74 uC unless otherwise stated.

Liquid alloy patterning and device fabrication

A copper stencil mask is placed on the substrate. The stencil

mask should be in full contact with the substrate. A screen with a

thin layer of the liquid alloy Galinstan (Geratherm Medical AG)

is lowered onto the stencil mask, after which a squeegee is

stroked on the upside of the screen to press the Galinstan on the

screen into contact with the substrate through the pattern in the

stencil mask. This first step with the screen is performed to get a

laterally well-defined ‘‘sticking’’ layer on the substrate. After the

screen has been removed, a Galinstan covered roller is rolled

over the mask. This step makes the print thicker and more even

in thickness. After the rolling, the stencil mask was removed and

the print was done. These steps and the placing of the

components were preferably done as fast as possible, since the

substrate was still curing (although at a lower rate). The time

window (#1 h) could be expanded by cooling the substrate and

consequently decelerate the curing rate. The reason for making

the initial print with a screen, instead of the doctor’s blade or

roller technique, was that the print made with the screen had

better coverage and less risk of damaging the mask pattern.

After printing, surface mount devices (SMD) might be placed

on the print with a pick and place machine from LPKF. These

components have to be placed on the surface with a downward

motion perpendicular to the surface, otherwise the prints might

get smudged. When the components had been placed, uncured

PDMS was carefully poured onto the substrate covering the

circuit. If no components are present, it is possible to even out

and reduce the thickness of the uncured PDMS by blowing on it

with compressed air or nitrogen gas. When the PDMS had been

dispensed it was placed in a fridge to rest, in order to become

smoother and release air bubbles captured in the PDMS. When

rested, the substrate was placed in an oven to fully cure and to

bond to the lid. The final curing could be done at a suitable

temperature.

For the investigation of the printing method, a screen-printing

silk screen with a 100 threads/in mesh was used. As a squeegee

for distributing Galinstan to the screen, a simple ice rake was

used. Homemade squeegees of PDMS were used for pressing

down the screen to the substrate through the copper stencil

mask. All stencil masks were made from a 50 mm copper foil that

was wet etched in a copper etchant from ELFA, Sweden. The

copper had been patterned by standard UV lithography with a

plastic transparency mask. The roller was made of foam rubber

and bought from a hobby-material supplier. For length and

thickness measurements a standard Vernier calliper or micro-

metre screw was used.

To verify the integration of active components, Kingbright red

and orange light-emitting diodes (LEDs) with package size of

0603 from Farnell were assembled to liquid alloy circuits. For

device demonstration, an ultra-high frequency (UHF) RFID tag

was made by assembling a packaged RFID chip (Higgs-3, Alien

technology) onto a microfluidic antenna and a measuring with a

reference antenna design from the same provider.

Electrical measurements and evaluations

PDMS can be assumed to have a Poisson’s ratio close to 0.5,27

i.e., it volume does not change during low stretch. At higher

stretch the behaviour is more complicated. A channel inside a

PDMS body will follow the changes in the body as a whole and if

the channel is filled with a more or less incompressible fluid it

will keep its volume. Hence, the changes in length, width and

height of the encapsulated liquid should follow the correspond-

ing changes in the whole body; although at large strains the

incompressibility might force the PDMS to adapt in order to let

the fluid keep its volume.

As a conductor, the channel filled with liquid alloy can be seen

as a normal solid one, for which the following equation applies:

R = rL/A (1)

where R is the electrical resistance, A is the cross section area, L

is the length and r is the resistivity of the alloy (43.5 6 1028

Vm). The resistance for conductors in series Rs, is the sum of the

serially connected resistances R1 to Rn. Using eqn (1) and

knowing the basic geometry of the sample, the height of the

channels could be estimated by assuming that they have a

homogeneous height.

To enable resistance measurements on covered prints, bent

copper foil pieces were attached to the print before they were

covered by the second layer of PDMS. The copper pieces were

Fig. 3 Photos of the lateral resolution of the lines and squares: (a)

200 mm wide lines with spacings from 100 to 1000 mm; (b) 500 mm wide

lines with spacings from 100 to 1000 mm; (c) Squares 200 mm sides, with

spacings from 100 to 1000 mm; and (d) Squares 500 mm sides,

with spacings from 100 to 1000 mm.
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formed in such a way that they reached above the surface of the

uncured PDMS. After the sample had been cured, small wires

were soldered onto the copper plates to simplify handling. A

computer connected Agilent 34405A digital multimeter was

attached to the wires for recording the resistances. This setup

was used to cycling stretching tests as well to verify the

mechanical reliability preliminarily.

All stretch tests were conducted in a Plexiglas frame, Fig. S1,

ESI.{ The samples were either clamped into the frame directly or

bonded to glass slides, which in turn were clamped into the

frame. The amount of stretch was measured with a couple of mm

graded rulers that were attached to the frame.

For the stretchable UHF RFID antenna evaluation a

balanced-unbalanced transformer (900 MHz, Johanson technol-

ogy) for conversion from differential to single line feed and

matching impedance of the prepared UHF RFID antenna was

connected to both sides of a liquid metal alloy antenna and a

coaxial cable of a network analyser through an SMA

(SubMiniature version A) connector. For this connection, short

wires were implemented through PDMS top layer from liquid

metal alloy antenna before the cover layer was finally cured. The

prepared antenna performance was tested with a network

analyser (E8364B, PNA series network analyser, Agilent), Fig

S2, ESI.{ The UHF RFID antenna was manually stretched in a

specially designed jig structure up to 40% length change from the

initial dimensions to the direction of each side of rectangular

shape antenna, respectively, for getting an RF signal change of

resonant frequency and reflection coefficient from 100 MHz to

1.5 GHz.

The tests on RFID reader responsitivity performance were

also conducted with a commercial RFID reader (Speedway

Revolution R420, Impinj) connected to an 865–868 MHz

frequency range antenna (8 dBic RHCP, S8658PRJ, Laird

technologies). The experiment was set up to exhibit real

operation ability of the stretchable UHF RFID tag from 2 m

to 14 m distance, Fig. S3, ESI.{ Reading quality and successful

package transmission between reader and tag was evaluated,

where the reader was at 14 m distance from the stretchable RFID

tag when it was stretched up to 40% of initial length in two

orthogonal directions. The reading quality between the reader’s

antenna and the stretchable UHF RFID tag was recorded as

RSSI (received signal strength indicator) level in the monitoring

software (Speedway revolution, Impinj) provided by the same

provider. The number of successful tag interrogations per second

was calculated from measured data gathered during 1 min. The

transmission power from the reader’s antenna was 30 dBm and

the cable length from the reader to it was 2 m.

Results and discussion

PDMS preparation

Initial experiments with uncured PDMS pouring on cured

PDMS substrates showed that the adhesion was best for dry

untreated surfaces. Although it might appear to be properly

bonded to a substrate, the two layers were easy to peel off each

other if a good hold could be established to the different layers.

The adhesion was best at the edges of a layer and, to some

degree, at the corners of channels. If the surface was cleansed

with solvents (e.g. ethanol or iso-propanol alcohol) the adhesion

was reduced (probably due to residues on the surface).

Furthermore, the adhesion became distinctly worse if the

substrate surface was oxidized with a corona discharge treatment

prior to the ‘‘bonding’’. It was concluded that uncured PDMS

mixture does not bond well to cured PDMS.

Uncured PDMS will, however, bond to uncured PDMS, and

semi-cured PDMS will bond to semi-cured PDMS and as it

turned out; uncured PDMS bonds to semi-cured PDMS.

However the substrate needs to be fairly rigid to be printed

upon. Together these two demands, a substrate being hard

enough to be printed on and being uncured enough to bond to

uncured PDMS, forms the boundaries of a time window that

decides how long a substrate should be cured before being

printed on. The length of this window and where it occurs

Fig. 4 Photos of the integrated LEDs. One LED integrated while non-

stretched (a) and 10% stretched along horizontal direction (b). Two series

connected LEDs while the right one is on (c) and the left one is on (d).

Five serial connected LEDs (e).

Fig. 5 Photo of the demonstrated stretchable/conformable UHF RFID

tag.
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depend on the PDMS blend, the substrate dimensions, the

support on which the substrate lies and the curing temperature

with time. The PDMS in itself has different curing behaviour

dependent on mixing ratio, sub-type and composition (differs

between different manufactures). As for the substrate dimension

it is mainly the thickness that plays a role, due to the slow heat

transfer. If a thick substrate is cured at high temperatures the

surface is cured faster than the bulk, which in the worst case

results in a surface that is fast cured to be bonded (to uncured

PDMS) above an almost liquid core. The type of substrate

support used affects the substrate in a similar way (e.g. a sample

taken from a fridge and put into an oven cures faster and more

evenly if it is on a thin plastic support than on thick glass). As for

the curing temperature, a lower temperature slows down the

curing rate. Furthermore, a slower curing rate evens out the

temperature throughout the substrate, which in turn results in a

more evenly cured substrate (and similarly for different

supports).

As an example, one gram of PDMS (1 : 9) evenly spread out

over the backside of a plastic Petri dish (84 mm diameter, 0.3 mm

thickness) cured at 74 uC should be cured for 3 min 40 s (¡ 10 s).

If it is cured longer the adhesion to uncured PDMS suffers; if it is

cured for a shorter time the copper mask will stick to the

substrate and may rip it apart when lifted.

Line width, height and space testing

Prints were successfully carried out on substrates of down to

0.2 mm thickness (with a spin-coater) and with a similarly thin

cover layer; test samples with a total thickness of 0.4 mm were

achieved. The lateral extension of the samples varied since it is

dependent on how the mask and support structure were

designed. As for maximum thickness, no explicit test was done,

but samples as thick as 3 mm have been made. Furthermore,

printing in two layers was successfully tested. This was achieved

by pre-curing the lid and using it as a substrate layer (repeating

the process one more time). These multilayer tests were carried

out without components, outside connections, or vias between

the different layers.

As for the lateral printing resolution, a line with of 200 mm

with separation of 100 mm was achieved. Squares with an edge

length of 200 mm were also demonstrated. Circuit paths with

liquid conductors approximately 200 mm wide with distances of

100 mm where successfully printed. However, a severe problem

was that the durability of the copper stencil mask is reduced

when there are many fine and complicated patterns. Also, a

taunting limitation of stencil printing is that all metal needs to be

connected in the opening of the stencil mask, which limits the

potential complexity of any circuits. Resulting structures from

the resolution tests can be seen in Fig. 3.

Components integration and device demonstration

Several experiments with simple components such as LEDs were

conducted. It showed a good electrical performance while still

remaining stretchable to some extent, e.g. the LEDs in

Fig. 4(a,b). Up to five LEDs were connected in series and fully

functional in parallel and serial line configurations to connect

LED pads, e.g. the LEDs in Fig. 4(c–e). The experiences from

LED integration were transferred to make a UHF RFID tag,

which measured around 45 6 43 mm. Fig. 5 shows one tag that

was conformally mounted on the human skin. In addition, part

of the electrical performance of its printed microfluidic antenna

has been measured, Fig. S4, ESI.{
A complete UHF RFID tag, chip and antenna, could be read

at a distance up to nearly 14 m (13.95 m) in ambient air from the

reader antenna when the tag was unstretched in upright position

and at a distance of 8 m when it was rotated by 90u, Fig. 6(a).

The difference in reading range is believed to stem from the non-

isotropic radiation pattern of the tag antenna and, to some

extent, from the polarization of the reader antenna.

With the UHF RFID tag in an upright position and placed

14 m from the reader antenna, the tag was stretched in two

different directions while the reader’s maximum received signal

strength indicator (RSSI) value was measured. The result,

Fig. 6(b), shows that a small amount of stretching in the

y-direction actually improves the received signal strength

whereas stretching in the x-direction decreases it. The effect of

Fig. 6 Demonstrated performance of the printed microfluidic UHF

RFID tag.
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this is also shown in Fig. 6(c), where it can be seen that the read

rate is increased when the tag is stretched in the y-direction,

whereas it decreases when the tag is stretched too far in the

x-direction. Since the non-stretched antenna had a resonance

centre frequency of 885 MHz and the resonance frequency

decreases when stretched, a certain amount of stretch will shift

the resonance centre frequency to the same as the reader antenna

is transmitting, 868 MHz. From these measurements, it can be

seen that this is happening at 10–15 mm stretch in the

y-direction. The shift in antenna resonance is due to both a

change in geometry of the resonating structure as well as

changing the characteristic impedance of the integrated matching

network. Both these parameters affect the power radiated from

the complete tag.

In summary, the measurements on a UHF RFID tag proved that

our concept works well, although deeper investigations are required

for future development. For example, optimization for body area

network components on the human body should be evaluated.

Stretching behaviours

A Galinstan circuit without any components or connections can

be stretched to 100% elongation without breaking. Circuits with

rigid components have been successfully stretched to 60%

elongation without breaking, when a spin-coater was used to

prepare the samples. The measured results from seven different

samples are shown in Fig. 7. We manually examined the cycled

samples 1000 times (0.5 Hz) between 0% and 20%, 40% and 60%

elongation respectively, Fig. 8. However, the results were not

conclusive and more experiments with a dedicated tensile tester

or similar are needed. Some of the samples did not pass the

cycling tests. In those cases, the rapture usually started at a rigid

component (at the corner of it) or at the measurement contacts

of copper sticking out of the PDMS. The reduced robustness

mainly came from stress concentration or thinner cross-section

area at the location of a chip or a lid without properly prepared

LSCs. In the current experiments, the LSC was formed by

manually dropping a tiny PDMS droplet on the device or copper

contact, which was difficult to repeat precisely. Further
mechanical study and optimization of the shape, thickness, size,

and Young’s modulus of the LSCs would significantly benefit

the reliability of the integrated devices. In a recent publication,

600 000 bending cycles were achieved at a maximum strain of

40% in a circuit combining liquid alloy and thin film gold (by

injecting Ganlinstan into a PDMS microchannel network – like

in previous works of ours – on a polyimide foil with thin film

gold).28 Although without any rigid components integrated in

the circuit, it indicates a good potential for our technology to

reach long-term reliability.

When cycling of stretchable samples were progressed, the

resistance of liquid metal line was slightly reduced with increased

number of cycle times. However, afterwards when the samples

were rested around 20 min, the resistance went up slightly higher

than the initial value before the cycling experiments. We have not

figured out what was the reason for this reduced resistance. The

circuits without components did not show any reduced resistance

after being stretched, Fig. S5, ESI.{ One possible explanation is

that it is from the contacts between the components and liquid

alloy, e.g., from opening the oxide layer at the contacts.Fig. 7 Measured resistances without LED from 7 samples.

Fig. 8 Measured relative resistance while stretch cycling at different

elongations of a simple liquid alloy circuit with a LED integrated

between two 11 mm long liquid conductors. The thickness of the PDMS

is 550 mm except LSCs. (a) data for 1000 cycles; (b) data from the first

10 cycles.
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Comparing the simple modelling and measured resistances of

un-stretched samples, the height estimation can be seen in Fig. 9.

The results indicate an average height between 6 and 30 mm. This

seems plausible, considering that the photos taken indicate that

the Galinstan layer is thinner than the 50 mm thick copper stencil

mask before lifting away the stencil.

Discussion on liquid alloy handling

Three features dominate the behaviour of Galinstan in the

fabrication processing. It has a very low viscosity (2.4 mPa?s),

which is helpful when transporting the liquid. Also, it has a very

high surface tension (718 mN m21). With such a high surface

tension, it tends to adhere to most surfaces, e.g., most metals,

ceramics, and plastics. It provides an extraordinary advantage in

the good wetting between the liquid alloy and its elastic

substrate. However, it was a huge challenge to transfer the

liquid alloy while avoiding contamination, which has commonly

been regarded as one of the two nuisances of gallium-based

alloys.8 The last one is that this kind of liquid alloy is always

covered by a thin solid layer of oxides.

Concerning the printing technology present in this article, the

first issue relates to the thickness control of the liquid alloy. In

our experiments, the liquid alloy was cast onto the flexible

carriers such as screen silk and common office used transpar-

ency. Due to the low viscosity of the liquid alloy, the thickness

on the carrier was limited to some tens of microns. Furthermore,

when the carrier was separated from the substrate, the peeling

force, speed, and angles cannot be well controlled during our

current experiments in a handy craft state. Hence, we obtained a

large variation in thickness and therefore variations in resistance

even in a same series of samples made in similar conditions,

Fig. 7 and Fig. 9. What’s more, the high surface tension of the

liquid alloy makes it stick to the carriers and the stencils. After

deposition to the masked substrate, a large amount of liquid

alloy is still attached to the carrier, which decreases the possible

thickness of liquid alloy that we can achieve on the elastic

substrate. The porous roller used to spread out the alloy in the

mask openings is another reason for a high surface roughness.

Finally, sticking to the stencil mask reduces further the

uniformity both in thickness and width of the transferred liquid

alloy circuits on the substrate. A rough surface could be

observed in the demonstrated samples such as those in Fig. 3

and 4. Here, the liquid alloy keeps this rough surface is most

probably because of its stiff oxide layer on its surface, cf. flow

behaviour studies of gallium-based alloys.25

Due to the fact that the Galinstan sticks to the stencil, the

obtained width of patterned liquid alloy circuit is always less

than that of the stencil. Fig. 10 shows one of the examples for

which we tried to achieve a line width of 100 mm. Irregular

distribution of the liquid alloy residuals could be easily observed,

Fig. 10(b) and variations in the liquid circuit width could also be

found, Fig. 10(c). In extreme cases, it would lead to breakage of

liquid circuits (not shown here). Although having a printing

technology in its infancy, decent resolution is possible. As we

show in Fig. 3, lines and square dots with a width of 200 mm

could be achieved with various spaces from 100 mm.

Last but not least, the technique we present here has high

potential to be improved. Suggested studies could be: 1) to seek

new materials for flexible carriers and stencil masks to reduce the

sticking of the liquid alloy; 2) to automate the process with well

controlled conditions such as in peeling speed and lifting angle

during removal of carrier and stencil; 3) the deposition of

Galinstan in a reducing atmosphere to allow it to flow and avoid

any surface roughness before oxidizing its surface. Finally,

optimization on LSC and its fabrication will improve the life

time and stretchability, with knowledge from micromechanics

and interactions between the components and liquid alloy.

Fig. 9 Expected and measured resistances when unstretched. The

printed Galinstan line is 60 mm long and 0.65 mm wide.

Fig. 10 Optical photographs on copper stencil mask (a) back side, (b) top side (used mask), and (c) corresponding patterned liquid alloy on elastic

substrate using this copper mask.
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Conclusions

In this work, a parallel processing technology has been

demonstrated to implement microfluidic electronics by stencil

printing of a liquid alloy onto a semi-cured PDMS substrate,

assembly of rigid active components, and subsequent encapsula-

tion by pouring uncured PDMS and curing. Line widths and

separation down to 200 and 100 mm, respectively, were achieved.

The active components were integrated as well with a reasonably

good performance after 1000 stretching cycles between 0% and

60% elongation. Finally, by using the developed technology a

UHF RFID tag was demonstrated with high signal quality.

Potentially, in the future this could be a useful technique for

complex large areal stretchable printed electronic systems.
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